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Abstract—Learning happens not only in the traditional educational institu-
tions but beyond them, and it is not limited to an established academic time pe-
riod. We study anywhere, anytime; many different and tools and services that 
facilitate learning are not confined to a specific environment or platform. Such 
set of tools and services used for educational proposes set up what can be un-
derstood as Personal Learning Environments. While knowing what happens in 
Personal Learning Environments is highly interesting, it is not an easy task due 
to the heterogeneity of the different tools, the difficulty to access learning evi-
dence, ethical aspects or interoperability problems, among others. This study 
explores the main issues that need to be addressed to analyze what is occurring 
in a Personal Learning Environments and how to represent the information ob-
tained from such environments. 

Keywords—PLE, Learning Analytics, Visual Analytics, Tools heterogeneity, 
Interoperability 

1 Introduction 

Educational processes have a central role for the development of society. Education 
allows individuals to grow, progress and increase their performance in any area. Edu-
cational institutions (school, high school, university, etc.) are the first to come to mind 
when talking about teaching and learning, but… do we learn only in these specific 
contexts? The answer for this question is a categorical ‘No, we do not’. People learn 
along their lives anywhere and anytime: when talking to friends, playing sports, 
browsing the Internet, working, etc. In other words, education is not restricted to a 
specific context or environment [1-3]. Therefore, in order to have a clear vision of 
what a person is learning, or has learnt, it is necessary to consider what happens be-
yond the institution, also known as informal or non-formal learning [4, 5]. 
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So, why is it relevant to know about informal learning? First, if educational institu-
tions knew more about their students it would possible to define personalized learning 
pathways, adapted to the student’s real educational needs; second, knowledge about 
employees’ informal and non-formal learning activities would help companies define 
optimized learning programs and hire or promote people based on their actual skills; 
and third, improving the visibility of individual’s competences and skills could lead to 
new professional and personal opportunities [6, 7]. 

Thus, making visible what happens in informal and non-formal learning contexts is 
a critical albeit very complex task [2, 8, 9]. It requires to address several problems: 

• The heterogeneity of the tools that individuals use to learn outside the educational 
institution 

• The awareness problem, which refers to an individual’s lack of awareness about 
the extent to which he or she has developed a competence in an informal environ-
ment 

• To achieve interoperability between the traditional educational contexts and the 
external tools and platforms a person could use to learn 

• Ethical and privacy issues, such as a person deciding not to make public a compe-
tence or a learning evidence about something that happens in his or her personal 
context 

• How to adequately deal with the exchange, management and representation of 
learning evidence. 

In order to address the first issue, it is necessary to explore the environment where 
the non-formal and informal learning activities take place. That is, the learning tools 
and services that the individual uses to learn beyond the educational institution, 
known as Personal Learning Environment (PLE). PLEs facilitate users’ learning pro-
cesses by allowing them to use the tools they want, and when they prefer, without 
feeling bound to a specific institutional context or learning period [10], such as in 
traditional Learning Management Systems (LMS). With PLEs, self-regulation comes 
into place: learners become responsible of their own learning because they can decide 
what tools to use and solve their specific problems, and thus they are not only con-
sumers of learning but also providers [10, 11]. However, the introduction of a PLE 
does not necessarily involve the demise of LMS [10] or other institutional tools. The 
likely coexistence of LMS and PLEs entails the need for the interoperability between 
both [1]. The problem then becomes how to connect these environments, and how to 
deal with the heterogeneity of tools. These problems are addressed in the literature by 
applying e-learning specifications that will be described in the next sections [3, 12-
14]. 

Addressing the second problem is more difficult. An individual may learn in dif-
ferent situations, and not always in a conscious way. In order to gain awareness, the 
individual should first reflect about what he or she has done, or has not, and then find 
a way to classify and publish the evidence about the knowledge gained. In these cases, 
it is necessary to teach users how to discover what they have learnt, and to give them 
tools to manage and share such knowledge. Several projects have dealt with this prob-
lem, such as TRAILER [9, 15], IBAK[16] or Open Badges[17]. 
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The problem of interoperability, is closely related to the first issue. There is a wide 
range of tools a person can use to learn in their PLE, and it is necessary to allow the 
exchange of learning evidence between such tools and other platforms (LMS, Enter-
prise Resource Planning Systems or ERPs, ePortfolios, etc.). By facilitating that ex-
change, what happens in the informal environment may be taken into consideration in 
other contexts, but an effective implementation of this exchange requires a thoughtful 
consideration of the data to be exchanged, the exchange format, the security and in-
tegrity of the exchange process, etc. 

The fourth issue is related with ethics and privacy concerns; individuals need to 
grant access to companies and educational institutions about their personal learning 
evidence in order to make visible what they learn, and some people might not want to 
give their consent. Therefore, it is necessary to develop tools and methodologies that 
ensure learners that the institutions are only going to have access to the data they 
decide to publish or share. 

The last issue relates to how to deal with non-formal learning evidence. While in-
stitutions would collect a great amount of data, the question then is how to extract 
useful and actionable information from them, which requires the use of learning ana-
lytics tools and methods. Learning analytics refers to “the measurement, collection, 
analysis and reporting of data about learners and their contexts, for purposes of under-
standing and optimizing learning and the environments in which it occurs” [18]. With 
the information obtained by using learning analytics, institutions and instructors may 
plan interventions and make the necessary changes to help students, redesign courses, 
adapt learning content and methods, etc. [19]. 

We acknowledge the difficulty in addressing the above-mentioned issues. The het-
erogeneity of tools is tightly linked to the nature of the PLE, and learning awareness 
requires not only the application of technological solutions, but also to implement 
effective teaching initiatives. Therefore, this study proposes an open and flexible 
approach based on the use of service framework and interoperability specifications to 
facilitate the integration of institutional and personal contexts, as well as the applica-
tion of learning analytics solutions to provide useful representations of the infor-
mation about the learning processes. The proposal is then laid out as a draft method-
ology about how to assess the learning happening in PLEs. 

The rest of the study is structured as follows. Section 2 describes the research con-
text and presents the different elements involved in the proposal; Section 3 discusses 
how a solution could be implemented; Section 4 presents a methodology to assess 
informal learning activities by applying learning analytics in PLEs; finally, Section 5 
summarizes the main ideas and conclusions of the study. 

2 Research Context 

In order to better understand our approach, it is necessary to explore the different 
components involved. That is, the institutional systems (mainly LMS and ERPs), the 
PLEs where the informal and non-formal learning occurs, the interoperability specifi-
cations (as a way to facilitate the interaction of the different components), Service 
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Oriented Architectures (a flexible solution to structure the interaction between these 
different concepts) and learning analytics tools (as way to analyze the information 
collected from the PLEs). 

2.1 Institutional environments 

We mentioned before that making the activities carried out in Personal Learning 
Environments visible may be useful both for individuals and institutions. Regarding 
the latter, it is possible to differentiate between educational institutions and compa-
nies. Educational institutions usually have an LMS that supports online, blended and 
face-to-face classes, and then other tools such as ERPs used for administrative and 
academic management purposes. Companies mainly rely on the use of ERPs for their 
day-to-day operation and employee management, and they may also use some kind of 
LMS for training purposes. The main difference between both is the relative im-
portance of both systems in both types of organizations, with LMS having a more 
relevant role in educational institutions and ERPs having a capital relevance in com-
panies. 

LMS are systems that [20]:  

• Fulfil institutional learning management requirements 
• Provide teachers and academic staff with tools for the management of courses, 

students, resources, activities, etc. 
• Create specific areas for students in which they may perform their academic activi-

ties, complement their lectures and (to a greater or lesser extent) collaborate with 
other students and teachers. These systems focus on the course and provide users 
with tools that support and extend the traditional concept of classroom. Some of the 
most common LMS are Moodle, Sakai, Blackboard, Desire2Learn or Canvas. 

ERPs are integrated software solutions that cover a company-wide range of busi-
ness processes and enable managers to have a holistic view of the company. The idea 
of ERP could be summarized in: one database, one application, and a unified interface 
across the entire enterprise [21]. ERPs may optionally include an LMS or other tools 
to collect information about learning evidence. The best-known ERPs in the market 
include the systems developed by SAP, SAGE, Microsoft and ORACLE. 

2.2 Personal learning environments 

PLEs are not just a set of tools, but also incorporate contexts and interactions. 
There are different possible implementations of a PLE. The first one contemplates the 
use of any technology may use to learn outside the institution, such as mobile phones, 
tablets, computers, smartwatches, video-game consoles, etc. In these cases, the device 
itself—and the tools used in the device—act as a PLE. The main problem of this im-
plementation becomes how to collect the information about what the user has done, 
and which part of it is related to learning and can be useful for the organization. The 
solution implies filtering and recording all the interactions, and then send them to the 
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organization for processing, for example using an access point that launches all the 
applications [22-24]. 

Other possible PLE implementation is to employ a web launcher that facilitates ac-
cess to other applications in the form of apps or widgets [2, 3, 25]. This can be done in 
many different ways: through web portals such as iGoogle (http://www.google.com/ig), 
MyYahoo (http://my.yahoo.com), or Elgg (http://www.elgg.com); using widgets, portlets 
and web containers, such as Apache Wookie (Incubator), Netvibes 
(http://www.netvibes.com) or Liferay (http://www.liferay.com); as a personal part of the 
learning platform in an LMS; as social apps in social media networking sites, such as 
Facebook (http://facebook.com); or integrated as part of an ePortfolio like Mahara 
(http://www.mahara.org) or MyStuff (http://mystuff.anniesland.ac.uk/). The problem of 
these possible implementations is that not all the individuals use the same tools to 
learn, and each tool should be adapted to the web container. Its main advantage is that 
it is easy to collect the activity of users. 

A final option is to have users recognize the informal activities carried out outside 
the institution, making them responsible of their storage and management them 
through a digital portfolio, as shown in the TRAILER project [9, 15]. 

2.3 Interoperability specifications 

It is critical for people in charge of the organization (teachers, managers) to have 
access to what individuals are doing in their PLE. This requires the adaptation of 
PLEs and institutional environments by applying interoperability techniques, as sug-
gested in prior literature [11, 26-28] and implemented only in a few instances of PLE 
[2, 3]. There are different ways to achieve interoperability between learning contexts, 
mostly based in the use of web services and interoperability specifications [14]. The 
most relevant interoperability specifications include the following: 

• IMS Learning Tools Interoperability (LTI - https://www.imsglobal.org/activity/ 
learning-tools-interoperability) and Basic Learning Tools Interoperability (BLTI). 
IMS LTI is one of the most popular specifications because it facilitates a real and 
full integration between tools and learning platforms. However, it does not count 
with wide support among LMS or other tools due to its difficult implementation. A 
light version of the specification, Basic LTI, aims to overcome this problem. BLTI 
is supported by the most relevant LMS and also by some ERPs [29], facilitating the 
creation of an external tool instance inside the learning platform, launching it and 
providing a single-sign-on access. A major problem of BLTI is that it does not pro-
vide real integration, but only authentication, and therefore there is no exchange of 
information about the activity performed on the tool with the LMS or ERP (i.e. the 
grade achieved in an activity, or users’ activity logs). This is mostly solved in ver-
sions 1.2 and 1.3 of LTI. 

• xAPI (eXperience API, formerly known as Tin Can API - https://xapi.com/over 
view/) is a new e-learning specification designed to support the learning community 
in standardizing and collecting both formal and informal distributed learning activi-
ties. The xAPI specification describes packaging and transmission of learner ac-
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tions called ‘Activity Statements’ between any tool and a learning record store 
(LRS), the database model that validates and stores activity statements [30]. It is 
used for the recognition of informal learning activities [31, 32] and it is supported 
by most LMS. 

• Caliper Analytics (http://www.imsglobal.org/activity/caliper). This specification ena-
bles institutions to collect learning data from digital resources to better understand 
and visualize learning activity, product usage data, and present this information to 
students, instructors, and advisors. Each learning activity has one or several associ-
ated metric profiles. A metric profile defines the information model that shapes the 
types of events emitted by the learning activity. It also provides a semantic for later 
analysis [33]. It is specially oriented to the connection of different learning compo-
nents [34]. 

These specifications facilitate the integration of activities carried out in the PLE, 
but the application requires an adaptation both in the LMS and in the tool, which 
involves extra development and customization work. 

2.4 Service oriented architectures 

As we have shown in the previous sections, it is evident that the effective exchange 
of information between the PLE and the LMS/ERP requires an open solution, not tied 
to a specific technology or tool, easy to implement and as transparent as possible for 
the user. Service-based solutions comply with all these requirements. Service Orient-
ed Architectures (SOAs) are “a software engineering approach that provides a sepa-
ration between the interface of a service, and its underlying implementation. For 
consumer applications of services, it does not matter how services are implemented, 
how contents are stored and how they are structured. In the SOA approach consumer 
applications can interoperate across the widest set of service providers (implementa-
tions), and providers can easily be swapped on-the-fly without modification to appli-
cation code” [35]. 

In eLearning research field, SOAs have been used to adapt LMS to emerging tech-
nologies or frameworks, and to integrate different specifications; in other words, to 
enable opening of the learning platforms. Several LMS, such as Moodle [36], Black-
board [13] or Sakai [37] include services layers for different uses, such as the adapta-
tion of LMS to mobile devices [38], the use of information from the LMS in external 
platforms [39] or the application of visual analytics tools to facilitate making deci-
sions based on learning evidence gathered from the LMS [40]. Approaches to define 
PLEs based on service approaches include MUPPLE [28], PLEF [41], MeMeTeKa 
[42], Peret, Leroy y Leprêtre’s work [43], cloud services [44], and other related to the 
communication between PLEs and LMS [9, 14, 22, 25, 45]. 

2.5 Learning analytics tools and methods 

When students are completing an activity in the LMS or another tool, it is possible 
to record what they have done for later analysis. However, this information tends to 
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be stored as raw data, which is difficult to analyze and manage for decision-making. 
In order to explore the information and extract actionable knowledge out of it, disci-
plines such as educational data mining [46], academic analytics [47] or learning ana-
lytics have emerged in the last decade. These disciplines offer different but conver-
gent perspectives, methodologies, techniques and tools aiming to facilitate this trans-
formation process [48]. There is currently a wide choice of tools that facilitate educa-
tional data extraction and analysis for learning analytics purposes. A first broad cate-
gorization of these tools would include [49]: 

• Cross-platform and platform-specific general-purpose dashboards: Dash-
boards provide information about platform activity of the different learning 
agents—mainly, students and teachers—, generally in a visual and condensed 
form. Dashboards can be applied to different platforms [50, 51], such as Google 
Analytics, or to a specific one [52] (e.g. Moodle Dashboard).  

• Ad hoc tools: The design and implementation of ad hoc tools seek to perform 
tracking and analysis of very specific types of information adapted to very specific 
contexts. For instance, a specific tool to assess the acquisition of the teamwork 
competence from Moodle logs [53].  

• Learning analytics tools for analysis of specific issues: These tools aim to pro-
vide information, and usually have very specific types of representation. It is also 
very common that they offer cross-platform capabilities. For example, tools for so-
cial network analysis such as GraphFES [54]. 

• Learning analytics frameworks and tools: The design of learning analytics 
frameworks is oriented toward standardization of learning ontologies and their im-
plementation in different systems. They also pursue the exploration of student be-
haviors in different educational contexts and offer the user customizable visual rep-
resentations of the information. Prominent examples include VeLA (Visual eLearn-
ing Analytics) [55] or GISMO [56]. 

The tool mentioned above may be included into an LMS (e.g. Moodle Dashboard, 
GISMO) or ERP, or may be used as external tools (e.g. Google Analytics, 
GraphFES). The main problem in the case of informal learning contexts is that it is 
necessary to first define what type of learning activity requires tracking, what infor-
mation the tool is going to analyze and return, and how will the information be pre-
sented to the user. Because users may freely choose the tools of their PLE, the imme-
diate consequence is a great variety of tools and information. The next sections pre-
sent a possible implementation approach and a methodology to facilitate the assess-
ment. 

3 Implementation Approach 

Considering the discussion in the previous section, our implementation to collect 
and present learning evidence from the PLE requires the design of a Service Oriented 
Architecture, implemented through interoperability specifications, and able to connect 
the PLE and the organizational system, as shown in Figure 1. 
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Fig. 1. Components of the implementation approach 

Such an implementation requires the following: 

• Definition of a PLE model: Given the different possible implementations of a 
PLE, it is necessary to make a decision about the most adequate way to solve the 
problems and the devices and tools that need to be included. It is mandatory that 
the PLE is flexible enough to extend its functionality by using services, and that it 
facilitates the implementation of interoperability specifications. 

• Definition of the organizational environment: Analogously to the case of the 
PLE, it is necessary to have a clear set up of what to include in the system of the 
organization, which should be open enough to facilitate the exchange of learning 
evidence supported by services.  

• Definition of an information and storage exchange model: It is necessary to 
study the evidence generated in the PLE, how they are, or can be, stored and how 
the data will be exchanged between the different components. Probably an adapta-
tion will be necessary to store, exchange and analyze the data, due to the heteroge-
neity of the tools involved in the learning and assessing process. 

• Design of the Software Oriented Architecture: Once the PLE, the institutional 
environment and the data model are defined, it is necessary to study the different 
extension possibilities of the different environments, and to define an architecture 
based on a service choreography and a set of service contracts. 

• Implementation of the SOA using interoperability specifications: Once the 
design of the SOA and development of the services are completed, it is time to 
make a decision about the specification or specifications necessary to implement 
the architecture. Most likely, it will be necessary to include connectors both in the 
institutional and the personal ends. The connectors will act as consumer and pro-
viders of services. 
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• Select and adapt learning analytics tools: In the organization end, it is necessary 
to analyze and carefully select the most appropriate tools to be used, develop new 
ones if needed, and/or adapt the existing ones to analyze the learning evidence. 

• Testing and refining: Once a first version of the approach is implemented, effec-
tive deployment requires testing the system, adapting the services and tools, and 
solving the different problems that may arise. 

Beyond the definition of the environment, another important issue is how to assess 
what happens in the personal end—e.g. the PLE—. The next section proposes a meth-
odology to assess the effective implementation of the proposed approach.  

4 Methodology for assessment of PLEs 

From the above, this section lays out a methodology, or a set of steps, that are nec-
essary in order to facilitate assessment of learning happening in PLEs. The layout of 
the proposed assessment has six stages: 

• Stage 1 - Definition of the informal learning activity. The initial stage involves 
thinking about the data of interest about the individuals’ behavior and interactions 
with their PLE. This step requires instructor’s planning and reflection about the 
learning process because, if the activity is defined formally, the learning in the PLE 
might be constraint. However, knowledge about how the individual is interacting 
helps making the student’s learning evidence visible. For example, if the student 
uses YouTube to watch educational videos, it may be of interest to record the type 
of videos he or she is watching, or the time the student spends watching them. 

• Stage 2 - Environmental set-up. This stage requires to explore the tools that the 
user is going to use to carry out the activity, while considering the type of institu-
tional platform he or she is using and the tools or platforms employed as PLE. The 
best case scenario would be a central tool, a PLE platform and the organization’s 
platform with support for interoperability specifications. However, most commonly 
the fact is that a there is a system that is difficult to modify. In this case, the organi-
zation’s platform and the tools used in the PLE should be adapted to support in-
teroperability specifications. The choice of the interoperability specification will 
depend on whether they are supported or not. For example, it would be possible to 
use Moodle with an xAPI plug-in, and then integrate users’ activity in YouTube 
and in their personal blogs.  

• Stage 3 – Definition of the exchanged information. This stage occurs concurrently 
with Stage 4, in a feedback loop. During this stage, it is necessary to define exactly 
what information must be exchanged between the organization’s system and the 
PLE. The information must comprise the configuration settings for the activity or 
users’ outcomes and all the information defined by the learning analytics policy. 
For example, it would be necessary to exchange user’s identification information, 
and also information about the outcomes or publication date, such as the number of 
times that a video is played in YouTube. 
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• Stage 4 - Define the learning analytics policy. After defining what information is 
being exchanged, it is necessary to identify which indicators, beyond students’ out-
comes, can provide evidence of competence acquisition after completing a learning 
activity or session. This information needs to be included as part of the data ex-
change. In this stage, it is also necessary to consider how to explore the information 
and how to present results. In addition, the learning analytics being applied should 
be incorporated to the organization’s system. For example, it might be interesting 
to record the number of times a user has watched a video, but also with whom they 
have shared it. This information might be used as feeding source for a general 
dashboard in the LMS, but also as a source of information for a tool like GraphFES 
to display interaction between students as a social graph. This strategy may would 
give visibility to who is working more intensively, and also who is sharing the 
knowledge with their peers.  

• Stage 5 - Piloting. The next stage requires testing with a sample of students, and 
the results of the test may leads to adjustments of the previous stages. As an exam-
ple, if testing the activity with twenty students shows that five of them are using 
tools other than YouTube to watch videos, it might be of interest exploring whether 
they are achieving better results or not. The result of this assessment might involve 
an adaption of the previous four stages. 

• Stage 6 - Activity development. At this point, the activity is carried out by a larger 
number of students, in a real context. At his point error detection comes into place 
and changes in the strategy might be required. Once this stage finishes, the cycle 
begins again with stage 1, including the feedback with information about lessons 
learnt. 

Figure 2 depicts a summary of the six stages of the methodology and how they in-
teract with each other. 

 
Fig. 2. Methodology stages and dataflow 
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5 Conclusion 

This study explores the main issues involved in the assessment of learning activi-
ties that happen beyond the institution; that is, non-formal or informal learning that 
occurs in individuals' personal environments. This assessment is a complex problem 
that requires to analyze learning activity happening in a non-standard and non-
controlled environment, involving people with different interests and motivations, 
educational backgrounds and technology preferences. We posit that assessing what 
happens in the PLE is possible, but also acknowledge that it may be a daunting task 
that requires changes both in the organization’s system and the personal environ-
ments, and also that this is not always possible. Such an approach requires not only 
changes in the technologies being used, but also to deal with learner’s awareness and 
selection of the best analytical tools by the organization. The complexity of the prob-
lem requires a flexible and generic approach, as well as a a methodology to implement 
solutions able to solve a wide range of different contexts, such as the one presented in 
this study. We also recommend the implementation of varying versions of the solution 
proposed in this study and a rigorous assessment of results to give further directions 
for future practice and to reveal further potential barriers. 

6 References 

[1] M. Á. Conde, F. J. García, M. J. Rodríguez-Conde, M. Alier, M. J. Casany, and J. Piguil-
lem, "An Evolving Learning Management System for new educational environments using 
2.0 tools," Interactive Learning Environments, vol. 22, no. 2, pp. 188-204, 2014, 
https://doi.org/10.1080/10494820.2012.745433. 

[2] F. J. García-Peñalvo, M. Á. Conde, M. Alier, and M. J. Casany, "Opening Learning Man-
agement Systems to Personal Learning Environments," Journal of Universal Computer 
Science, vol. 17, no. 9, pp. 1222-1240, 2011, doi: 10.3217/jucs-017-09-1222. 

[3] M. Á. Conde, F. J. García-Peñalvo, M. Alier, E. Mayol, and C. Fernández-Llamas, "Im-
plementation and design of a service-based framework to integrate personal and institu-
tional learning environments," Science of Computer Programming, vol. 88, pp. 41-53, 
2014, https://doi.org/10.1016/j.scico.2013.10.012. 

[4] P. Hager, "Recognition of informal learning: challenges and issues," Journal of Vocational 
Education & Training, vol. 50, no. 4, pp. 521-535, 1998/12/01 1998, https://doi.org/10.10 
80/13636829800200064. 

[5] M. Eraut, "Non-formal learning and tacit knowledge in professional work," British Journal 
of Educational Psychology, vol. 70, no. 1, pp. 113-136, 2000, https://doi.org/10.1348/0007 
09900158001. 

[6] M. Dale and J. Bell, Informal learning in the workplace. Dept. for Education and Employ-
ment, 1999. 

[7] F. J. García-Peñalvo, R. Colomo-Palacios, and M. D. Lytras, "Informal learning in work 
environments: training with the Social Web in the workplace," Behaviour & Information 
Technology, vol. 31, no. 8, pp. 753-755, 2012, https://doi.org/10.1080/0144929x.2012. 
661548. 

[8] D. Colardyn and J. Bjornavold, "Validation of Formal, Non-Formal and Informal Learn-
ing: policy and practices in EU Member States " European Journal of Education. Willey - 

iJAI ‒ Vol. 1, No. 1, 2019 53

https://doi.org/10.1080/10494820.2012.745433
https://doi.org/10.1080/10494820.2012.745433
https://doi.org/10.1016/j.scico.2013.10.012
https://doi.org/10.1016/j.scico.2013.10.012
https://doi.org/10.1080/13636829800200064
https://doi.org/10.1080/13636829800200064
https://doi.org/10.1348/000709900158001
https://doi.org/10.1348/000709900158001
https://doi.org/10.1080/0144929x.2012.661548
https://doi.org/10.1080/0144929x.2012.661548


Paper—Data Driven Education in Personal Learning Environment 

Blackwell, vol. 39, no. 1, p. 21, 2004-03-01 2004, https://doi.org/10.1111/j.0141-8211.200 
4.00167.x. 

[9] F. J. García-Peñalvo, M. Johnson, G. R. Alves, M. Minović, and M. Á. Conde-González, 
"Informal learning recognition through a cloud ecosystem," Future Generation Computer 
Systems, vol. 32, pp. 282-294, 3// 2014, https://doi.org/10.1016/j.future.2013.08.004. 

[10] J. Adell and L. Castañeda, "Los Entornos Personales de Aprendizaje (PLEs): una nueva 
manera de entender el aprendizaje," in Claves para la investigación en innovación y cali-
dad educativas. La integración de las Tecnologías de la Información y la Comunicación y 
la Interculturalidad en las aulas. Stumenti di ricerca per l’innovaziones e la qualità in ám-
bito educativo. La Tecnologie dell’informazione e della Comunicaziones e 
l’interculturalità nella scuola., R. Roig Vila and M. Fiorucci Eds. Alcoy, Spain: Marfil – 
Roma TRE Universita degli studi, 2010. https://doi.org/10.14198/medcom2011.2.03 

[11] R. Schaffert and W. Hilzensauer, "On the way towards Personal Learning Environments: 
Seven crucial aspects," eLearning papers, vol. 2, no. 9, pp. 1-11, 2008, doi: citeulike-
article-id:8361564. 

[12] Masie, "Making Sense of Learning Specifications & Standards: A Decision Maker's Guide 
to their Adoption," The MASIE Center. Learning and Technology e-Lab & ThinkTank, 
New York, USA, 2003. [Online]. Available: https://mcong.page.link/mFV9 

[13] C. Severance, J. Hardin, and A. Whyte, "The coming functionality mash-up in Personal 
Learning Environments," Interactive Learning Environments, vol. 16, no. 1, pp. 47-62, 
2008, https://doi.org/10.1080/10494820701772694. 

[14] M. Á. Conde, F. J. García-Peñalvo, J. Piguillem, M. J. Casany, and M. Alier, "Interopera-
bility in eLearning contexts. Interaction between LMS and PLE," presented at the 1st 
Symposium on Languages, Applications and Technologies (SLATE 2012), Braga, Portu-
gal, 2012. [Online]. Available: https://mcong.page.link/gaes. https://doi.org/10.3217/jucs-
018-01-0106 

[15] F. J. García-Peñalvo et al., "TRAILER project (Tagging, recognition, acknowledgment of 
informal learning experiences). A Methodology to make visible learners’ informal learning 
activities to the institutions," Journal of Universal Computer Science, vol. 19, no. 11, p. 
1661, 2013. 

[16] IBAK. "Identification, assessment and recognition of informally acquired competences." 
https://mcong.page.link/t11Y (accessed 07/04/2019. 

[17] Mozilla. "OpenBadges." http://openbadges.org/ (accessed 07/04/2019. 
[18] P. D. Long and G. Siemens, "Penetrating the Fog: Analytics in Learning and Education," 

EDUCAUSE Review, vol. 46, no. 5, pp. 31-40, 2011/10//September 2011. 
http://www.educause.edu/ero/article/penetrating-fog-analytics-learning-and-education. 

[19] M. Á. Conde and Á. Hernández-García, "Learning analytics for educational decision mak-
ing," Computers in Human Behavior, vol. 47, pp. 1-3, 2015, https://doi.org/10.1016/j.chb. 
2014.12.034. 

[20] P. Avgeriou, A. Papasalouros, S. Retalis, and M. Skordalakis, "Towards a Pattern Lan-
guage for Learning Management Systems," Educational Technology & Society, vol. 6, no. 
2, pp. 11-24, 2003. 

[21] P. Bingi, M. K. Sharma, and J. K. Godla, "Critical Issues Affecting an ERP Implementa-
tion," Information Systems Management, vol. 16, no. 3, pp. 7-14, 1999/06/01 1999, 
https://doi.org/10.1201/1078/43197.16.3.19990601/31310.2. 

[22] M. Á. Conde, F. J. García-Peñalvo, M. Alier, and J. Piguillem, "The implementation, de-
ployment and evaluation of a Mobile Personal Learning Environment," Journal of Univer-
sal Computer Science, vol. 19, no. 7, pp. 854-872, 2013. 

54 http://www.i-jai.org

https://doi.org/10.1111/j.0141-8211.2004.00167.x
https://doi.org/10.1111/j.0141-8211.2004.00167.x
https://doi.org/10.1016/j.future.2013.08.004
https://doi.org/10.1016/j.future.2013.08.004
https://doi.org/10.14198/medcom2011.2.03
https://doi.org/10.14198/medcom2011.2.03
https://mcong.page.link/mFV9
https://mcong.page.link/mFV9
https://doi.org/10.1080/10494820701772694
https://doi.org/10.1080/10494820701772694
https://mcong.page.link/gaes
https://doi.org/10.3217/jucs-018-01-0106
https://doi.org/10.3217/jucs-018-01-0106
https://mcong.page.link/t11Y
https://mcong.page.link/t11Y
http://www.educause.edu/ero/article/penetrating-fog-analytics-learning-and-education
http://www.educause.edu/ero/article/penetrating-fog-analytics-learning-and-education
https://doi.org/10.1016/j.chb.2014.12.034
https://doi.org/10.1016/j.chb.2014.12.034
https://doi.org/10.1201/1078/43197.16.3.19990601/31310.2
https://doi.org/10.1201/1078/43197.16.3.19990601/31310.2


Paper—Data Driven Education in Personal Learning Environment 

[23] Francisco J. García-Peñalvo, Miguel Á. Conde, and A. Del-Pozo, "A Mobile Personal 
Learning Environment Approach," presented at the 5th International Conference, VAMR 
2013 Held as Part of HCI International 2013, Las Vegas, NV, USA, 2013. 
https://doi.org/10.1007/978-3-642-39420-1_36 

[24] P. R. Humanante-Ramos, F. J. García-Peñalvo, and M. Á. Conde, "Towards mobile per-
sonal learning environments (MPLE) in higher education," presented at the Proceedings of 
the Second International Conference on Technological Ecosystems for Enhancing Multi-
culturality, Salamanca, Spain, 2014. https://doi.org/10.1145/2669711.2669973 

[25] M. Á. Conde, "Personalización del aprendizaje: Framework de servicios para la inte-
gración de aplicaciones online en los sistemas de gestión del aprendizaje," Doctorado en 
Informática y Automática Tesis Doctoral, Departamento de Informática y Automática, 
Universidad de Salamanca, Salamanca, 2012. [Online]. Available: 
http://grialdspace.usal.es:443/handle/grial/223 https://doi.org/10.15332/s2145-1389.2015.0 
001.09 

[26] M. van Harmelen, "Personal Learning Environments," presented at the Proceedings of the 
Sixth IEEE International Conference on Advanced Learning Technologies, Kerkrade, The 
Netherlands, 2006. https://doi.org/10.1109/icalt.2006.1652565 

[27] S. Wilson, O. Liber, M. Johnson, P. Beauvoir, P. Sharples, and C. Milligan, "Personal 
Learning Environments: Challenging the dominant design of educational systems " Journal 
of e-Learning and Knowledge Society, vol. 3, no. 3, pp. 27-38, 2007. 

[28] F. Wild, F. Mödritscher, and S. Sigurdarson, "Mash-Up Personal Learning Environments," 
iCamp, 2009. https://doi.org/10.4018/978-1-61520-983-5.ch005 

[29] IMS-GLC. "Product Certifications." https://site.imsglobal.org/certifications (accessed 
07/04/2019. 

[30] J. M. Kevan and P. R. Ryan, "Experience API: Flexible, Decentralized and Activity-
Centric Data Collection," Technology, Knowledge and Learning, journal article vol. 21, 
no. 1, pp. 143-149, April 01 2016, https://doi.org/10.1007/s10758-015-9260-x. 

[31] K. Kitto, S. Cross, Z. Waters, and M. Lupton, "Learning analytics beyond the LMS: the 
connected learning analytics toolkit," presented at the Proceedings of the Fifth Internation-
al Conference on Learning Analytics And Knowledge, Poughkeepsie, New York, 2015. 
https://doi.org/10.1145/2723576.2723627 

[32] J. L. Santos, K. Verbert, J. Klerkx, E. Duval, S. Charleer, and S. Ternier, "Tracking data in 
open learning environments," Journal of Universal Computer Science, vol. 21, no. 7, pp. 
976-996, 2015. 

[33] Á. Serrano-Laguna, I. Martínez-Ortiz, J. Haag, D. Regan, A. Johnson, and B. Fernández-
Manjón, "Applying standards to systematize learning analytics in serious games," Comput-
er Standards & Interfaces, vol. 50, pp. 116-123, 2017/02/01/ 2017, https://doi.org/10.1016/ 
j.csi.2016.09.014. 

[34] Á. Hernández-García and M. Á. Conde-González, "Dealing with complexity: educational 
data and tools for learning analytics," presented at the Proceedings of the Second Interna-
tional Conference on Technological Ecosystems for Enhancing Multiculturality, Salaman-
ca, Spain, 2014. https://doi.org/10.1145/2669711.2669909 

[35] M. Alier, M. J. Casany, M. A. Conde, F. J. García, and S. Charles, "Interoperability for 
LMS: the Missing Piece to Become the Common Place for Elearning Innovation," present-
ed at the Second World Summit on the Knowledge Society, WSKS, Chania, Crete, Greece, 
2009. 

[36] M. Á. Conde, F. J. García-Peñalvo, M. J. Casany, and M. Alier, "Applying Web Services 
to define Open Learning Environments," presented at the Twenty-First International Work-
shops on Database and Expert Systems Applications – DEXA 2010. Third International 

iJAI ‒ Vol. 1, No. 1, 2019 55

https://doi.org/10.1007/978-3-642-39420-1_36
https://doi.org/10.1007/978-3-642-39420-1_36
https://doi.org/10.1145/2669711.2669973
https://doi.org/10.1145/2669711.2669973
http://grialdspace.usal.es:443/handle/grial/223
http://grialdspace.usal.es:443/handle/grial/223
https://doi.org/10.15332/s2145-1389.2015.0001.09
https://doi.org/10.15332/s2145-1389.2015.0001.09
https://doi.org/10.1109/icalt.2006.1652565
https://doi.org/10.1109/icalt.2006.1652565
https://doi.org/10.4018/978-1-61520-983-5.ch005
https://doi.org/10.4018/978-1-61520-983-5.ch005
https://doi.org/10.1007/s10758-015-9260-x
https://doi.org/10.1007/s10758-015-9260-x
https://doi.org/10.1145/2723576.2723627
https://doi.org/10.1145/2723576.2723627
https://doi.org/10.1016/j.csi.2016.09.014
https://doi.org/10.1016/j.csi.2016.09.014
https://doi.org/10.1145/2669711.2669909
https://doi.org/10.1145/2669711.2669909


Paper—Data Driven Education in Personal Learning Environment 

Workshop on Social and Personal Computing for Web-Supported Learning Communities – 
SPeL 2010, Bilbao, Spain, 30 August - 3 September 2010, 2010. https://doi.org/10.11 
09/dexa.2010.36 

[37] D. Dagger, A. O'Connor, S. Lawless, E. Walsh, and V. P. Wade, "Service-Oriented E-
Learning Platforms: From Monolithic Systems to Flexible Services," Internet Computing, 
IEEE, vol. 11, no. 3, pp. 28-35, 2007. https://doi.org/10.1109/mic.2007.70 

[38] S. Kurz, M. Podwyszynski, and A. Schwab, A Dynamically Extensible, Service-Based In-
frastructure for Mobile Applications (Advances in Conceptual Modeling – Challenges and 
Opportunities.). Springer, 2008. https://doi.org/10.1007/978-3-540-87991-6_21 

[39] S. Pätzold, S. Rathmayer, and S. Graf, Proposal for the Design and Implementation of a 
Modern System Architecture and integration infrastructure in context of e-learning and ex-
change of relevant data, EIFEL, ed., 2008, pp. 82-90. 

[40] J. Fontenla, M. Caeiro, and M. Llamas, "Una Arquitectura SOA para sistemas de e-
Learning a través de la integración de Web Services," presented at the Congreso 
Iberoamericano de Telemática. CITA 2009, Gijón, Spain, 2009. 

[41] M. A. Chatti, M. Jarke, and M. Specht, "PLEF: A Conceptual Framework for Mashup Per-
sonal Learning Environments.," Learning Technology Newsletter, vol. 11, no. 3, 2009. 

[42] O. Casquero, J. Portillo, R. Ovelar, M. Benito, and J. Romo, "iPLE Network: an integrated 
eLearning 2.0 architecture from University's perspective," Interactive Learning Environ-
ments, vol. 18, no. 3, pp. 293-308, 2010. https://doi.org/10.1080/10494820.2010.500553 

[43] Y. Peret, S. Leroy, and E. Leprêtre, "First steps in the integration of institutional and per-
sonal learning environments," presented at the Workshop Future Learning Landscape - 
EC-TEL 2010, Barcelona, Spain, 28 September 2010, 2010. 

[44] S. V. Kolekar, R. M. Pai, M. Pai, and A. Nayak, "Development and Composition of E-
Learning Web Services Using Service Oriented Architecture," Advanced Science Letters, 
vol. 23, no. 4, pp. 3704-3708, 2017. https://doi.org/10.1166/asl.2017.9015 

[45] M. Á. Conde, F. J. García-Peñalvo, C. Fernández-Llamas, and A. García-Holgado, "The 
Application of Business Process Model Notation to describe a Methodology for the 
Recognition, Tagging and Acknowledge of Informal Learning Activities," International 
Journal of Engineering Education (IJEE), vol. 31, no. 3, 2015. https://doi.org/10.1145/ 
2536536.2536553 

[46] C. Romero and S. Ventura, "Educational data mining: a review of the state of the art," Sys-
tems, Man, and Cybernetics, Part C: Applications and Reviews, IEEE Transactions on, vol. 
40, no. 6, pp. 601-618, 2010. https://doi.org/10.1109/tsmcc.2010.2053532 

[47] P. Goldstein, "Academic Analytics: The Uses of Management Information and Technology 
in Higher Education," EDUCASE, vol. 8, 2005 2005. [Online]. Available: 
http://net.educause.edu/ir/library/pdf/ERS0508/ekf0508.pdf. 

[48] R. Ferguson, "The State Of Learning Analytics in 2012: A Review and Future Challenges," 
in "Technical Report KMI-12-01," The Open University, UK, 2012. [Online]. Available: 
https://mcong.page.link/vtkK 

[49] Á. Hernández-García and M. A. Conde, "Dealing with complexity: educational data and 
tools for learning analytics," presented at the Proceedings of the Second International Con-
ference on Technological Ecosystems for Enhancing Multiculturality, Salamanca, Spain, 
2014. https://doi.org/10.1145/2669711.2669909 

[50] D. Leony, A. Pardo, L. de-la-Fuente-Valentín, D. Sánchez-de-Castro, and C. Delgado-
Kloos, "GLASS: a learning analytics visualization tool," presented at the Proceedings of 
the 2nd International Conference on Learning Analytics and Knowledge, Vancouver, Brit-
ish Columbia, Canada, 2012. https://doi.org/10.1145/2330601.2330642 

56 http://www.i-jai.org

https://doi.org/10.1109/dexa.2010.36
https://doi.org/10.1109/dexa.2010.36
https://doi.org/10.1109/mic.2007.70
https://doi.org/10.1109/mic.2007.70
https://doi.org/10.1007/978-3-540-87991-6_21
https://doi.org/10.1007/978-3-540-87991-6_21
https://doi.org/10.1080/10494820.2010.500553
https://doi.org/10.1080/10494820.2010.500553
https://doi.org/10.1166/asl.2017.9015
https://doi.org/10.1166/asl.2017.9015
https://doi.org/10.1145/2536536.2536553
https://doi.org/10.1145/2536536.2536553
https://doi.org/10.1109/tsmcc.2010.2053532
https://doi.org/10.1109/tsmcc.2010.2053532
https://doi.org/10.1145/2669711.2669909
https://doi.org/10.1145/2669711.2669909
https://doi.org/10.1145/2330601.2330642


Paper—Data Driven Education in Personal Learning Environment 

[51] D. Amo, M. J. Casany, and M. Alier, "Google Analytics for Time Behavior Measurement 
in moodle," presented at the Sistemas y Tecnologías de la Información. Actas de la 9ª Con-
ferencia Ibérica de Sistemas y Tecnologías de la Información, Barcelona, Spain, 2014. 
https://doi.org/10.17013/risti.18.1-17 

[52] R. Mazza and V. Dimitrova, "CourseVis: A graphical student monitoring tool for support-
ing instructors in web-based distance courses," International Journal of Human-Computer 
Studies, vol. 65, no. 2, pp. 125-139, 2// 2007, https://doi.org/10.1016/j.ijhcs.2006.08.008. 

[53] Á. Fidalgo-Blanco, M. L. Sein-Echaluce, F. J. García-Peñalvo, and M. Á. Conde, "Using 
Learning Analytics to improve teamwork assessment," Computers in Human Behavior, 
vol. 47, no. 0, pp. 149-156, 6// 2015, https://doi.org/10.1016/j.chb.2014.11.050. 

[54] Á. Hernández-García and I. Suárez-Navas, "GraphFES: A Web Service and Application 
for Moodle Message Board Social Graph Extraction," in Big Data and Learning Analytics 
in Higher Education: Current Theory and Practice, B. Kei Daniel Ed. Cham: Springer In-
ternational Publishing, 2017, pp. 167-194. https://doi.org/10.1007/978-3-319-06520-5_11 

[55] D. A. Gómez-Aguilar, F. J. García-Peñalvo, and R. Therón, "Analítica Visual en eLearn-
ing," El Profesional de la Información, vol. 23, no. 3, pp. 236-245, 2014. https://doi.org/ 
10.3145/epi.2014.may.03 

[56] R. Mazza and C. Milani, "GISMO: a Graphical Interactive Student Monitoring Tool for 
Course Management Systems," presented at the TEL’04 Technology Enhanced Learn-
ing’04 International Conference, Milan, Italy, 2004. 

7 Authors 

Miguel Á. Conde Miguel Ángel Conde holds a PhD in Computer Science (2012, 
University of Salamanca). From 2002 to 2010 he works in several eLearning compa-
nies. From 2010 to 2012 he was researching at the University of Salamanca and also 
working there as a teacher. During 2013 he worked in the Informatics and Communi-
cations Service of the University of León and as assistant lecturer in that university. 
Now he works as an associate professor at the University of León. He is a member of 
the Robotics research group of the University of León and GRIAL research group of 
the University of Salamanca. His PhD thesis is focused on the merging of informal, 
non-formal and formal environments. He has published more than 100 papers about 
different topics such as eLearning, Service Oriented Architectures, Learning Analyt-
ics, Mobile Learning, Human-Computer Interaction, Educational Robotics, etc. 

Ángel Hernández-García Ángel Hernández-García is Associate Professor at the 
School of Telecommunication Engineering in Universidad Politécnica de Madrid. He 
is M.Sc. in Telecommunication Engineering, Master SAP in Integrated Information 
Systems and holds a PhD. in Information Systems by Universidad Politécnica de 
Madrid. He focuses his research on learning analytics, acceptance of information 
systems and educational technologies, and electronic commerce. Ángel has been guest 
editor and published research papers in international journals, conference chair and 
leading reviewer for top journals in the fields of technology enhanced learning, infor-
mation systems and business. Email angel.hernandez@upm.es 

Article submitted 2019-06-16. Resubmitted 2019-07-18. Final acceptance 2019-07-19. Final version 
published as submitted by the authors. 

iJAI ‒ Vol. 1, No. 1, 2019 57

https://doi.org/10.1145/2330601.2330642
https://doi.org/10.17013/risti.18.1-17
https://doi.org/10.17013/risti.18.1-17
https://doi.org/10.1016/j.ijhcs.2006.08.008
https://doi.org/10.1016/j.ijhcs.2006.08.008
https://doi.org/10.1016/j.chb.2014.11.050
https://doi.org/10.1016/j.chb.2014.11.050
https://doi.org/10.1007/978-3-319-06520-5_11
https://doi.org/10.1007/978-3-319-06520-5_11
https://doi.org/10.3145/epi.2014.may.03
https://doi.org/10.3145/epi.2014.may.03
mailto:angel.hernandez@upm.es
mailto:angel.hernandez@upm.es

