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Abstract — The Ubiquitous Learning model, based on learning 
experiences and connective learning for higher education U-CLX, 
is a proposal to generate a new dimension of U-Learning. The 
model explores the possibility of implementing the xAPI standard 
to manage the learning experiences that are generated in a 
ubiquitous learning process, the model has two components, a 
pedagogical component and a technological component. 
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I.  INTRODUCTIÓN 
 

The evolution of information and communication 
technologies (ICT) applied to education have allowed the 
development of education in different environments, where 
technology has greatly permeated the way to develop current 
educational processes. Nowadays, carrying out educational 
processes and specifically learning processes without the 
technology support is practically impossible, the digitalization 
of society forces and generates the need in education to 
implement new ways of teaching and learning. 

The roles of educational actors have changed, currently 
students or apprentices have become the main actors in 
educational processes, teachers in advisors or companions of 
students in their educational processes and technology has 
become the most important means to develop education [1]. 

The trends of education and current learning processes are 
not developed by compulsory or pre-established curricula, they 
are developed from the students' learning needs, the learning 
processes are defined according to the interests of the students. 
In accordance with this way, nowadays we should to start 
talking about lifelong learning, meaningful learning, etc., but 
with a new term called learning experiences LE, these learning 
experiences are the group and union of the different learning 
forms. The needs and interests of students for their life and 
their professional future lead to a education personal processes 
and specific. These groupings and unions of personal learning 
processes, specific needs, specific interests, forms of learning, 
etc., are called learning experiences. 

From these changes in the roles of students, teachers have 
also modified their work; today a teacher is a cognitive 

mediator or tutor of the students' learning experiences and 
according to this also becomes a designer of learning 
experiences that will help and contribute them to achieve their 
learning processes. 

Teachers and students make use of ICT as a mean to 
develop learning experiences, since these offer the necessary 
tools to carry out educational processes and learning processes. 
Without technology it would be practically impossible to carry 
out personalized learning experiences and teachers could not 
provide accompaniments to these processes and experiences, 
which is why information and communication technologies are 
necessary in the development of current education. 

The way and the reason of learning are in constant change, 
the needs of society, science, humanity and technologies 
demand new ways of doing different activities, also leaving 
aside jobs and professions that have traditionally been offered 
today, new skills and knowledge for acquiring and learning 
appear [2].  

One of the most important concepts in current education is 
ubiquity [2], the development of educational and learning 
processes at any time, place and in any medium has generated 
the possibility of providing new ways of carrying out 
educational processes, learning processes and in general it has 
revolutionized education opening new possibilities to develop 
new research and studies in which ubiquity is the fundamental 
factor. 

In general, the possibility of carrying out ubiquitous 
educational processes or U-Learning is one of the important 
research areas because it allows the combination of different 
technologies and components of education to improve 
educational processes with the aim of improving education in 
general. In this moment does not exist a u-learning model that 
combine connective learning and experience learning xAPI 
standard. 

The paper aims to present the proposal of a U-Learning 
model, in which a pedagogical component and a technological 
component are implemented. A detailed description is made of 
the developments carried out so far. The pedagogical 
component is based on the use of constructivist theory and 
specifically on connective learning [3] and on the technological 



component side, it is based on the use of the standard of 
learning experiences or xAPI [4]. The combination of these 
components generates a new dimension of U-Learning and 
contributes to the development of technology applied to 
education, specifically ubiquitous virtual higher education. 

In the case of the Ubiquitous Learning model based on 
connective learning and learning experiences in English, 
Ubiquitous Learning support by Connective Learn and 
Learning (U-CLX) aims to define a learning experience 
involving technological elements such as a system of learning 
management that supports the standard, a gamification engine, 
a social learning tool and a native tool that uses the standard 
natively [2].  

The definition of a U-Learning ecosystem is proposed in 
which the aforementioned technologies are included, in this 
ecosystem a learning experience will be defined within a 
specific context, in which the student or apprentice interacts in 
a formal and informal way, such a way that within the learning 
experience a flow of learning is generated with the use of the 
different technologies proposed. 

This paper is structured in the following way, in the first 
point the introduction to the topic is presented, in the second 
point the body of the document is described, where the 
conceptualization of the model is framed, the U- Learning and 
the xAPI standard, in the third point the proposal of the U-CLX 
model is presented, with the work done, the fourth point 
presents the validations of the model, the fifth point presents 
the conclusions and future work and to finish the 
acknowledgments and references used in the document. 

II. BACKGROUND 

A. U-Learning 
U-Learning or ubiquitous learning is - in general terms - the 

learning process that can be developed at any time, place, 
context and device [3] [4]. For other authors, U-Learning is the 
evolution of E-Learning and M-Learning, generating a new 
learning model [5]. The characteristics of U-Learning pose 
challenges in the pedagogical and technological part.  

The term ubiquity suggests learning as omnipresent, that is, 
as a process developed and distributed over time, in space and 
in different contexts. In the ubiquitous learning is learned in a 
conscious or unconscious, making use of different means of 
learning such as: 1) e-learning; 2) mobile or m-learning, 3) 
learning games or g-learning, 4) simulators, 5) virtual worlds, 
6) serious games, 7) activities in the real world, 8) 
experimental learning, 9) social learning, 10) learning not 
online, 11) collaborative learning, 12) learning in the inverted 
classroom, among others. Additionally, it can be added that 
ubiquitous learning is the union of formal and informal 
learning [6] [7] [8]. 

From the perspective of U-Learning, the learning process is 
done formally and informally, the learning process can be 
developed at any time and place, context and in any way, 
suggesting that with current technological tools it is not 
possible to measure the ubiquitous formal and non-formal 
learning processes, that is, it is not possible to measure learning 

experiences and/or those activities carried out in the context of 
ubiquity [10]. 

In this sense, the possibility of defining the Ubiquitous 
Learning or ubiquitous learning as an ecosystem of learning 
processes and technologies focused on education is proposed, 
this proposed ecosystem for U-Learning is the union of 
different definitions of U-Learning proposals by the authors 
who have worked on the development of the concept [11].  

According to this, the U-Learning ecosystem is considered 
as the technological medium in which different technological 
components that share the same habitat or medium come 
together, in this case the technological and communication 
media. That is, in U-Learning converge e-learning, m-learning, 
g-learning, t-learning, v-learning, b-learning, among others, 
which coexist independently and related to each other and in 
different combinations, which allow the development of U-
Learning in different moments, spaces, contexts and means, the 
union of information and communication technologies focused 
on education allow to generate the omnipresence of U-
Learning.  

Figure 1 shows a cloud of facts with the convergence of the 
different technologies that comprise the U-Learning ecosystem. 

 
Figure 1.  U-Learning Ecosystem (author source). 

The concept of Ubiquitous Learning or U-Learning is 
approached from the development of omnipresent educational 
processes that can be developed at any time, place, context, 
device, medium, through any technology of information and 
communication, both formally as informal, to summarize the 
ubiquitous learning process makes use of all the technologies 
that are at your fingertips to develop learning processes. 
According to this, the U-CLX model presented below makes 
use of the concept previously proposed for U-Learning [12].  

The model presented below is focused on the management 
of learning experiences and connective learning for higher 
education U-CLX to develop a new dimension of U-Learning. 

B. xAPI 
The technological component of the model has the 

technological support of ubiquitous computing, pervasive 
computing and the standard of learning experiences or xAPI or 
Tin Can API or Experience API (abbreviations referring to the 



same standard) [13] [14]. The xAPI is an evolution and 
improvement of the SCORM standard.  

The standard of learning experiences xAPI is a new 
specification for learning technologies, the standard allows to 
collect data in different technological elements, media and 
spaces whether on or off line. This is done through a structure 
or format that defines the standard in order to manage the data 
and generate information regarding the different learning 
experiences that a person can have. The standard also defines 
the vocabulary that should be used, the way to communicate, 
capture and share the information between the different 
systems that relate to the standard or make use of the standard.  

The data of the learning experiences that are captured, are 
stored in a Learning Record Store LRS and from the LRS the 
data is obtained to perform the learning analysis process or 
Learning Analytics, with this information you can know the 
learning experiences that a person can have with any way or 
technology, the learning process, the characterization of 
learning, the type and manner of learning, the profile of 
learning and in this way better decisions can be made to 
improve the educational, teaching and learning processes. 

The xAPI standard, defines the functions and how to 
capture the data in a specific way and in a predefined format, 
which allows obtaining the information of different 
technologies, software, contents, devices, among others, with 
which the students or apprentices interact. Also, with the 
standard it is possible to generate learning flows or interaction 
with different technological elements that develop learning 
experiences. An experience can start with a software or with a 
content in a specific context and end in another space, with 
another technology generating a learning flow in which a 
learning experience is developed, in this process, it is in which 
the standard gets involved. Information throughout the learning 
flow and/or the entire learning experience [15]. 

The learning experiences are recorded and stored in an LRS 
(Learning Record Store), this storage is made according to a 
previously defined structure of the following form person-verb-
object-complement. In this structure, the form and how to save 
the data of the learning experiences is defined. In addition, a 
TDS (Training Delivery System), which is a system that allows 
the delivery and monitoring of learning content and learning 
experience in the technological elements will be used with 
which we want to work [16]. 

Once these elements are defined, the standard begins with 
the process of analyzing the learning experiences or in English 
LA (Learning Analytics) with which the whole process of 
knowledge of the learning experiences obtained from the data 
will be carried out. Obtained with the LRS and that allow to 
draw conclusions and future work in the improvement of the 
learning processes. 

The standard can be applied with any technology that is 
currently, it can be a technology that works over the internet or 
without internet, it can also relate different technologies to each 
other, or it can relate different technologies through an LRS or 
relate several LRS to each other and manage the information in 
such a way that it allows to store information in a single 
storage or in different storage, all this is done according to the 

structure given by the standard and the way it is defined to 
store and manage the data. 

The xAPI standard is not very well known at the moment, 
although it has been developed and published for several years, 
this has meant that the use and application is developing slowly 
and its applications in technologies and products are not very 
broad. 

The possibilities of developing ubiquitous learning 
processes with the xAPI standard opens up the possibility to 
develop new combinations of information and communication 
technologies, in such a way that U-Learning can be developed 
naturally taking into account the definition of the ecosystem of 
U-Learning raised in this paper and thus include formal and 
informal learning, learning at any time, place, context, medium 
and device, combining the concepts of different authors and 
defining the technological and pedagogical ecosystem of 
learning ubiquitous or U-Learning [17]. 

The xAPI standard allows managing ubiquitous learning or 
U-Learning, that is, the development of learning in different 
contexts; with different elements and technologies; that is why 
it defines the way to collect data from learning experiences to 
store, share and manage [19]. 

III. PROPOSAL OF THE U-CLX 
The Ubiquitous Learning model, based on learning 

experiences and connective learning for higher education U-
CLX, is a proposal to generate a new dimension of U-Learning 
that explores the possibility of implementing the xAPI standard 
to manage the learning experiences that are generated in a 
ubiquitous learning process, the U-CLX model has two 
components, a pedagogical component and a technological 
component.  

The pedagogical component is based on the theory of 
constructivism specifically in an evolution of this theory. 
Connective learning [18] is a form of evolution of this theory, 
it raises the form of learning through learning networks. 
According to this, connective learning applies the concepts of 
networks in learning processes, where the concepts of nodes 
and relationships between the nodes are presented.  

According to the above, the node refers to any object, 
person, etc. The relationships between the nodes is the learning 
process. It is important to be clear that the main node in this 
learning network is the student or the learner. In this sense it 
can be said that each person has its own learning network and 
that between people multiple connections can be made between 
their networks and this generates different learning processes 
due to their multiple relationships [19]. 

Due to the conceptualization of what U-Learning is and the 
learning process, in the pedagogical component of the U-CLX 
model other concepts are also worked on, such as collaborative 
learning, online learning, active methodologies, the invested 
classroom and collaboration, for a learning process to be 
ubiquitous, the formal and informal educational process must 
be taken into account.  



The technological component of the model has the 
technological support of ubiquitous computing, pervasive 
computing and the standard of learning experiences or xAPI.  

The xAPI standard, is a standard that allows collecting and 
managing the data of learning experiences that are developed in 
different moments, spaces, contexts, media, technologies and 
other elements in which learning processes can be developed 
that can be measured, saved and manage, to generate 
knowledge regarding learning experiences. In this context, a 
learning experience is any activity, event or set of activities 
and/or events that allows new knowledge to the student or the 
apprentice [20].  

The model proposes the possibility of including 
combinations of different pedagogical strategies and 
technological elements; however, for the development of the 
practical case for tests, some elements of the pedagogical 
component and elements in the technological component will 
be selected and, in this way, to test and validate the model with 
data to make of the learning experiences of the students in a 
specific academic context. In this sense, the development of 
learning experiences in a context of virtual higher education 
and specifically in the development of learning and 
collaborative work  

Figure 2 depicts an initial view of the U-CLX. Model. 

 

 
Figure 2.  U-CLX model (author source). 

The previous figure presents the initial vision of the U-CLX 
model, where the two pedagogical and technological 
components are defined, in the pedagogical component the use 
of collaborative learning, active methodologies, online learning 
and formal and informal learning, and in the technological 
component raised the use of ubiquitous computing, pervasive 
computing, elements of gamification, xAPI standard, smart 
devices among others. 

In the pedagogical component is located the constructivist 
theory that is the fundamental basis of the model, specifically 
with connective learning which is an evolution or improvement 
since it presents elements that allow to explain the current 
educational and learning processes through the technologies of 
the information and communication, there is also collaborative 
learning and network learning, formal and informal learning, 

learning activity methodologies such as flip classroom and 
problem-based learning, all these elements framed in the 
development of the U- Learning. 

In the technological component, ubiquitous computing and 
the xAPI standard are presented as the fundamental basis of the 
model, pervasive computing, user experience, learning 
management systems or LMS related to the xAPI standard, 
gamification, intelligent learning and social learning and the 
analysis of learning as a base element in the management of the 
technological component. 

The aforementioned elements are those that were initially 
proposed to be developed in the model, before starting with the 
validation processes by experts in the field where the U-CLX 
model was presented, the operation and relationships were 
explained in a face-to-face interview and then a questionnaire 
was delivered about the model, in this questionnaire questions 
were asked about the viability of the model and the existing 
relationships, in the end a general and specific feedback was 
delivered by the experts. Six expert evaluations were carried 
out and a new version of the model was proposed with the 
answers to the questionnaires, feedbacks and comments. 

The model has also been presented at different international 
events, specifically in doctoral symposia where observations 
and comments have been made that have nurtured the 
development of it [5] [21] [22]. 

With the expert’s validations made to the model in different 
academic spaces, personal and congresses presentations, 
interviews and doctoral symposiums, the first conclusion was 
reached, the U-CLX model was being considered in a broad 
and general way, since it contained many pedagogical and 
technological elements, in accordance with these validations 
and with new revisions of the model generated a version with 
fewer elements. 

Figure 2 shows an update view of the U-CLX. Model. 

 

 
Figure 3.  U-CLX model update version (author source). 

Figure 3 presents the update version of the U-CLX model, 
in this version is where the two pedagogical and technological 
components are defined.  In the pedagogical component the use 
of collaborative learning, and formal and informal learning is 



considered, and in the technological component it is raised the 
use of ubiquitous computing and the xAPI standard. 

The new version of the model is in a new validation process 
with experts, to start the new design and development process 
of the U-CLX model, the idea with the model is to carry out a 
new validation process with interviews, presentations and the 
compatibility of the technology to verify the possibility to 
develop the model and technological component with the 
standard. In this way to start with the application of the model 
making use of the indicated technologies under the support of 
the pedagogical component. The definition of the elements of 
the learning experiences under the xAPI standard and the 
processes of management and validation of the data with the 
proposal model are set. 

IV. VALIDATIONS 
The model has been initially implemented through 

configurations and functional tests, the use of the Moodle and 
the specification of the xAPI standard has been defined to 
connect the LMS with the standard, in accordance with this an 
initial structure of the learning experience has been developed 
according to the standard to relate it to the LMS and generate 
the initial data to store and manage with the learning analysis 
system. 

The following tests are presented with data focused on 
collaborative learning, according to this the structures of the 
learning experiences must be defined, connect the LMS with 
the data of the collaborative works and carry out the learning 
analysis process and thus obtain information about 
collaborative learning in terms of performance, learning 
processes, profiles and types of learning. 

This learning experience will capture the data of each of the 
technological tools through the standard, Figure 3 presents the 
updated version of the U-CLX model, in this version where the 
two pedagogical and technological components are defined, in 
the pedagogical component the use of collaborative learning, 
and formal and informal learning is proposed, and in the 
technological component the use of ubiquitous computing and 
the xAPI standard was proposed. [23]. 

The new version is in a new validation process with experts 
and to start the design, development and validation process of 
the U-CLX model, the idea with the model is to carry out a 
new validation process with experts in the subject and verify if 
it is possible to develop the model, in this way start with the 
application of the model making use of the indicated 
technologies under the support of the pedagogical component. 
According to this, the definition of the elements of the learning 
experiences under the xAPI standard is defined and the 
processes of management and validation of the data with the 
model are set. 

The model has been initially implemented through 
configurations and functional tests, the use of the Moodle and 
the specification of the xAPI standard has been defined to 
connect the LMS with the standard, in accordance with this an 
initial structure of the learning experience has been developed. 
According to the standard to relate it to the LMS and generate 
the initial data to store and manage with the learning analysis 
system. The following tests are presented with data focused on 

collaborative learning, according to this the structures of the 
learning experiences must be defined, connect the LMS with 
the data of the collaborative works and carry out the learning 
analysis process and thus obtain information about 
collaborative learning in terms of performance, learning 
processes, profiles and types of learning. In this learning 
experience the data of each of the technological tools through 
the xAPI standard will be captured, making use of the LRS and 
the TDS to track and manage the learning contents. 
Accordingly, the structure for capturing the data for each of the 
tools must be defined and the flow of learning in the defined 
context must be continued [23]. 

The U-CLX model will again be put to consideration and 
validation with experts in its new version, and also the 
configurations and data and information obtained initially with 
the tests carried out. 

The final concept of the U-CLX model is a ubiquitous 
learning model that integrates a pedagogical component based 
on constructivist theory, specifically connective learning, 
relating formal and informal ubiquitous collaborative learning 
and a technological component based on ubiquitous computing 
that is based on the use of the standard of learning experiences 
that stores, manages and analyzes the experiences of a learning 
management platform. 

V. CONCLUSIONS AND FUTURE WORK 
The implementation of a ubiquitous model in which a 

technological ecosystem is defined that includes different 
technologies and that complies with the characteristics of 
ubiquity, poses a major challenge in the technological area, for 
this model it was necessary to define the concept of U-
Learning and to start this conceptualization it was necessary to 
consider the technological development and the inclusion of 
technologies, especially the xAPI standard, which is the 
technological basis for the development of the U-CLX Model. 

The definition of U-Learning was proposed as an 
ecosystem in which different conceptualizations of authors who 
have worked on this issue converge, merge and combine, and 
in the same line, the mixture of different information and 
communication technologies applied to educational processes 
and of learning. 

The change of roles in current education is also considered, 
especially with the inclusion of the concept of ubiquity in 
education and the development of U-Learning, as well as the 
possibilities of developing new areas and dimensions of 
education. The U-CLX model and its parts were presented, as 
well as the development and application process that has been 
carried out and is planned to be carried out with the new 
validations and the inclusion of new elements that allow 
carrying out the application and validation of the model.  

The possibility of developing the model allows generating a 
new dimension and a new space for the application of 
ubiquitous technologies in education, the implementation of the 
standard of learning experiences or xAPI in the data 
management processes and the generation of information from 
learning experiences open the possibility to develop 
educational processes at any time, place and context in a 
personalized way, which will help teachers to have better 



information to support students in their learning interests and 
students to know better the development of its educational and 
academic processes. 

Regarding future work, the validation of the model is 
proposed through the inclusion of other technological tools that 
allow the evaluation of more data within the given context, the 
inclusion of multiple learning contexts and, in general, the 
inclusion of new elements that allow for the realization of the 
evaluation of the U-CLX model in different learning processes, 
contexts, media, times, spaces. What will allow to nourish and 
evaluate the model so that it can reach a state of maturity. To 
perform the validation of the U-CLX model, the application 
and development of the model with the technologies indicated 
therein, to perform the functional and conceptual tests, define 
the application elements of the model and the data that will be 
used to manage the learning of the models to the student’s 
learning experiences in collaborative work. It raises the need to 
perform new functional tests with the Moodle LMS, the 
structures of collaborative learning experiences in a ubiquitous 
way, the learning analysis system with a more robust testing 
environment that allows to manage more data and obtain more 
collaborative learning information, performance, learning 
processes, profiles and types of learning, which will allow a 
better development of the model in terms of technology. 

We must continue working on the development and 
application of the xAPI standard in the context of the U-CLX 
model in such a way as to improve the operation of the model 
and perform a better management of the learning for the case 
study that is proposed to test and validate the model. Once the 
data of the U-CLX ecosystem is obtained, the process of 
information management will be carried out through a learning 
analysis process, in which the information and knowledge will 
be obtained to evaluate if the learning experience is successful. 
or it is not successful in the context of the collaborative 
learning experience defined to test the model and improve it. In 
the future work, it is proposed to make a prototype of the 
model in which the structure of the defined learning 
experiences is stored in the LRS and a learning analytical 
process can be performed to manage the learning experiences 
in a ubiquitous way from the technological perspective.  

The model proposes to manage ubiquitous learning through 
the definition of students' learning experiences in any context, 
making use of any technology, which can be developed at any 
time and place, all in order to store and manage the learning 
experiences of the students and that allows to feed information 
to the different educational actors involved in these processes, 
to make better and more accurate decisions. 
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