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Abstract 
Although ICTs have strengthened educational processes, there are still some challenges on flexibility and convergence, among others. In 
this article, we propose a ubiquitous learning model (u-learning) that can have a positive impact on the teaching/ learning process since it 
considers video as an important element which can be displayed on any screen at any time and place. Besides indicating the elements 
making part of the model, alternatives of implementation, uses of video and experimentation with a cloud supported video platform are 
shown here. The results demonstrate an optimal deployment of the video at different devices when using a multi-screen video platform 
connected to the Internet, and show this model as a good reference to projects an u-learning service. 
 
Keywords: u-learning; ubiquitous computing; cloud computing; multi-screen TV; TV/video platforms everywhere. 

 
 

Modelo de aprendizaje ubicuo basado en plataformas de televisión 
multipantalla (uLMTV) 

 
Resumen 
Las TIC han potencializado los procesos educativos, pero aún hay desafíos de flexibilidad, convergencia, entre otros. Este artículo propone 
un modelo de aprendizaje ubicuo (u-learning) que puede impactar positivamente al proceso de enseñanza/aprendizaje, ya que contempla 
el video como un elemento importante, que se puede desplegar en cualquier pantalla, en cualquier momento y lugar. Además de indicar los 
elementos que intervienen en el modelo, se presentan alternativas de implementación, usos del video, y una experimentación con una 
plataforma de video basada en la nube. Los resultados demuestran un despliegue óptimo del video en diferentes dispositivos cuando se 
utiliza una plataforma de video multi-pantalla conectada a Internet, y muestran este modelo como una buena referencia para proyectar un 
servicio de u-learning. 
 
Palabras clave: aprendizaje ubicuo; computación ubicua; computación en la nube; TV multipantalla; plataformas TV/video en todas partes. 

 
 
 

1.  Introduction 
 
Although ICT have significantly contributed to education 

by supporting the teaching-learning process, some challenges 
remain and here are still several aspects to improve in the 
educational field such as: formal education during  working 
life, lifelong learning, greater access to education for all, 
availability, connectivity, interaction, flexibility, mobility, 
overcoming space-time barriers, access to distance learning 
resources, awareness of ICT use, significant contents, 
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relevance, innovation, effectiveness, [1-6], as well as 
inequity and inclusion [7], and greater appropriation for 
educational use [8]. Also, there is the challenge for teachers 
to understand the context of young people (known as digital 
natives or millennials) [9], because they could seem 
distracted by electronic devices and bored in a traditional 
class. Thus, the teachers should use different strategies, adapt 
new technologies and even acquire and apply digital abilities 
to be able to motivate their students.  

U-learning and video platforms everywhere can 
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contribute to overcome these challenges. U-learning is one of 
the application fields of ubiquitous computing, whose 
founder was Mark Weiser [10]. He laid out that computing 
would be everywhere, in a transparent and invisible way to 
the user. Ubiquitous learning or u-learning is defined as the 
learning that can be obtained by using any device, at any time 
and place, and is embedded in everybody’s daily life [11-13]. 
U-learning covers other ICT models for education such as 
computer based training-CBT, e-learning, m-learning, and t-
learning, by using different ICT resources.   

This article proposes a model of u-learning based on 
platforms of Multi-screen TV (uLMTV), which allow to 
display video on different screens under connectivity 
contexts, making possible to widen its application field in 
education while continuing projecting the reflection about u-
learning. Trends in digital technology, convergence, and 
cloud computing, among others, are taken into account. In 
this paper, multi-screen TV is also related to television 
everywhere (TVE), where TVE refers to video and/or TV 
contents that can be seen “everywhere”, on different screens 
(multiscreen), supported by Internet. 

The rest of the article is organized as follows. Chapter II 
offers a review of the literature. In chapter III, the method is 
explained. In chapter IV, the results are shown, in which we 
present a proposal based on video platform everywhere, the 
uses of video as main content, implementation alternatives, 
the detailed uLMTV model and an experimentation scenario. 
In chapter V, the discussion is presented. Finally, the 
conclusions are presented. 

 
2.  Materials  

 
2.1.  U-learning models 

 
Another definition of u-learning is the ecosystem where 

any person wishes to learn actively about any area of 
knowledge; which can be accessed from any place at any 
time, keeping contact with any other person by using any ICT 
resource and ubiquitous device [14]. Immediacy, 
accessibility, interactivity, context awareness, flexibility, 
scalability, security, daily ubiquity, portability, functionality, 
user-adjustability, interoperability, learnability, usability, 
and interconnectivity can be counted as features of u-learning 
[15-21]. 

In the literature, we found several proposals of u-learning 
models, most of which use mobile devices, in some cases, 
together with sensory technology. But we find little detail of 
the models or clarity for its actual implementation. They 
overlook the possibility of displaying content on any screen; 
or the use of video as a key element that could strengthen the 
learning process even more. Hijazi and Itmasi [22] propose a 
Crawler Based Context Aware Model for Distributed e-
Courses through Ubiquitous Computing, in which they use 
PC and mobiles within a university campus. In Rabello et al 
[23] a Collaborative Multi-agent Model is shown for 
Decentralized Ubiquitous Education Environments, applied 
in a simulation with mobiles and for this, agents must be 
installed. A model for profile management [24] uses 
semantics in a simulation scenario. Joo and Park [25] propose 
a U-SM model (Ubiquitous Scaffolding and Mentoring) 

which applies online advising online and the necessary 
support for students who have just started their learning 
process, based on computers distributed around the campus 
and on a LMS platform.  Nevertheless, technological aspects 
and other trends are not mentioned, and its context is limited. 
Caytiles [20] presents a model of a ubiquitous learning 
environment based on mobile devices and wireless sensor 
networks. Díaz and Rusu [9] propose a methodological 
model of computer-supported collaborative learning based 
on collaboration and communication tools, in order to define 
activities and spaces of work, but they do not mention how it 
would be technologically supported. In [26] it is shown an 
instructional model of u-learning using the project-based 
learning approach to improve students’ abilities of creation-
innovation; it only sets out the use of PC and mobiles, though.  

 
2.2.  Video or TV everywhere 

 
TV has evolved [27]; first it was the over-the-air 

broadcasting, then the transmission of several channels over 
cable, satellite, and also over telecom networks. Later, in the 
90´s, there was the third generation of TV, with the platforms 
of digital TV and the beginning of massive implementation 
of digital terrestrial television, which led to optimize the 
electromagnetic spectrum, and to have a better quality of 
image and sound. Towards mid-2000s, along with the 
adoption of the Internet broadband, the increase of the 
transmission speeds, the download of video content and 
online streaming have taken rise. Video and TV online 
continue growing [28], becoming the fourth generation of 
TV, based on online transmission of connectivity to 
broadband Internet. In these new scenarios of TV, as Noam 
[27] mentions, new elements appear, such as resolution (4K 
and 8K), person-to-computer interactivity, 3-D, peer-
interactivity, computer-enhanced reality, user-generated 
content, peer-to-peer content, asynchronous viewing and 
individualization, multi-platform distribution, branching 
plotlines, user participation, and globalization. Putting these 
and other elements together makes possible to have a high-
resolution, immersive, participatory, customized, social, TV 
of wider experience. 

As it is indicated by Sanz and Crosbie [29], we go from 
closed TV platforms (traditional service) to open TV 
platforms by using Internet or hybrid platforms that can give 
more value to the company and to the user. The 
understanding and connection with the users is one of the 
main benefits of the distribution in digital platforms that 
imply bidirectional connectivity [30].  

Some examples of this route of convergence are the TV 
connected to Internet (with smart TVs or through computers, 
video game consoles, set top box, blue ray readers, etc.) and 
the HbbTV standard [31] as hybrid between TV Broadcast 
and Broadband promoted in Europe. Different TV suppliers 
are implementing hybrid solutions [32] like broadcast + 
IPTV (ex: DVB-T+IPTV), or broadcast + OTT, or 
IPTV + OTT, or migrating to offer their services via Internet 
(known as OTT), and migrating towards multiplatform 
strategies for distribution of content [30]. That is why TVE 
appears, technically known as multi-channel programming 
distributors (MVPDs), which cable operators began to use as 
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Comcast to offer an online aggregation of television 
programming [28]. 

Television can then be seen not only on a TV set but on 
multi-screen TV services [33], in which users can see the 
videos on different screens (e.g. smartphones, game consoles, 
tablets, PCs, and TVs). The fast adoption of mobile and 
portable devices as smartphones and tablets, known as 
second screens, transforms the traditional form of watching 
TV. 

Video leads traffic growth in Internet [34], and many 
online video platforms  (OVP) prevail in the market, such as 
vimeo, telestream, among others.  Thanks to ubiquitous 
devices, broadband growth, wireless technologies, digital 
convergence, OTT services, cloud computing, CDN, among 
other advances, users can enjoy content in any place at any 
time. 

 
2.3.  Over The Top (OTT)  

 
OTT is the delivery of video, audio, TV, and other 

services via Internet directly to the user's connected devices 
[35] (Fig.1). Some examples of OTT services are Youtube, 
Whatsapp, Netflix, HBO go, Twitter, Hulu, Skype and other 
apps. TV suppliers [36] constantly look to offer OTT services 
to their customers; for instance, UNEPLAY and Caracolplay, 
in Colombia; Directvplay, in Latin America; Xfinity, in the 
United States; Tving, in South Korea; and iPlayer of the 
BBC, in England.   

 
2.4.  Cloud computing 

 
According to The Information Technology Laboratory 

(ITL) at the National Institute of Standards and Technology 
(NIST) [37], cloud computing is a model for enabling 
ubiquitous, convenient, on-demand network access to a 
shared pool of configurable computing resources (e.g., 
networks, servers, storage, applications, and services) that 
can be rapidly provisioned and released with minimal 
management effort or service provider interaction. 

This cloud model promotes availability and is composed 
of five essential characteristics: On-demand self-service, 
Broad network access, Resource pooling, Rapid elasticity, 
and Measured service [37]. In addition, the cloud computing 
model considers three service models (Cloud Software as a 
Service (SaaS), Cloud Platform as a Service (PaaS), Cloud  

 

 
Figure 1. Example of OTT services  
Source: The authors 

 
Figure 2. Topology of a CDN  
 Source: [39] 

 
 

Infrastructure as a Service (IaaS)); and four deployment 
models (Private cloud, Community cloud, Public cloud, 
Hybrid cloud). 

Other characteristics of cloud computing are 
manageability, scalability, availability, economical, on-
demand service, expedient, ubiquitous, multitenant, 
elasticity, and stability. The user can select the resource as 
required (hard disk, operating system, networking, access 
control, among others), benefiting from “pay as you go” 
(PAYG) model, in which users pay for what they use [38]. 

 
2.5.  Content Delivery Network (CDN) 

 
A CDN is a system of software, hardware and network 

components that acts like a great distributed computer [39]. 
This system allows to copy the contents or objects in different 
servers located in different geographic areas to optimize 
delivery performance and to be experienced by users [40]. 
Fig. 2 illustrates the elements of CDN such as servers and 
points of presence (POP). Examples of CDN suppliers are 
Akamai and limelight. 

 
2.6.  Encoders and transcoding technologies 

 
MPEG-H/H.265 suite [41,42], -which is focused on the 

delivery of media in heterogeneous environments, IP networks 
and digital broadcasting networks- includes HEVC compression 
format (high efficiency video coding), which is more efficient in 
mobile applications and supports hi-res 4k/8k, 3D TV. It also 
includes the MMT standard (The MPEG Media Transport) that 
defines the Encapsulation, Delivery, and Signaling, as well as the 
application layer forward error correction (AL-FEC), among 
others. Transcoding is defined as converting one compressed 
input bitstream to an outgoing bitstream [43]; that is to say, it can 
change from one format to another to adapt the content according 
to the device. Widely used technology ABR (adaptive bitrate) 
encodes a video at multiple bitrates and maximizes the video 
bitrate within the available bandwidth. This allows to deliver a 
higher fidelity video over HTTP when possible, and dropping to 
lower quality rather than causing an interruption of playback of 
the excessively high bitrate video [44]. 

 
3.  Methods 

 
In order to obtain the model proposal, research was led by 

using exploration, reviewing and interpretation of the theory 

http://www.pooq.co.kr/
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available in the academic community. Description and 
innovation were also used, and the contribution of 
technological trends solutions was considered. The 
methodology is based on the design- based research (DBR) 
[45], and at agile methodology [46] thanks to the cyclical 
character in design. Among the instruments used, we can find 
literature review, documentation and experimentation. 

Five stages were defined: 1) Review of the theoretical 
framework and tendencies in u-learning, cloud computing, 
OTT, CDN, among others. 2) Analysis to identify key aspects 
and basic requirements as well as identification of 
implementation options. 3) Definition of the model, 
components and key aspects. 4) U-learning prototype for 
deployment in several screens. 5) Model validation by means 
of an experimental case and tests. This paper will mainly 
focus on the model and an experimental case will be set out 
as an example for the prototype and validation. 

 
4.  Results  

 
4.1.  Video everywhere platform  

 
Those platforms must be able to adapt contents (like 

video) into any format and device. This platform must have 
the necessary technologies of encoding, transcoding, 
gateway or middleware, as well as storage option, 
management, encapsulation and distribution technologies, 
among others. The ideal is for it to be “cloud” supported”, 
due to its characteristics and advantages. Video platform(s) 
can be complemented with other services of cloud computing 
(e.g. Google apps or G suite). The Fig. 3 illustrates the 
scenario. 

Fig. 4 lays out different uses of the video, such as to be 
used in the classroom or online at any time, recording 
conferences, documenting cases, sharing knowledge, 
performing competitions, interactive quizzes, external 
communications with alumni, in social networks, among 
others. 

 
 

 
 
Figure 3. Proposal of video everywhere platform  
Source: The authors  

 

 
Figure 4. Uses of the video  
Source: The authors 

 
 

Table 1. 
Examples of implementation alternatives  

Alternative Examples Comment 
Using common 

channels 
Youtube It is considered as a social 

network. 
With aaS video 

suppliers 
Viacess orca 
Elemental 
Kaltura 

Main services are defined 
already.   

Creating the 
solution of cloud-
supported video 

Amazon web 
sevices AWS 
Cloud google 
Microsoft azure 
Vpaas-kaltura 

Configuration and 
development are needed.  It 
requires more knowledge. 

Source: The authors 
 

4.2.  Implementation alternatives in video everywhere 
platforms or multi-screen TV 

 
The implementation of a u-learning service based on 

video everywhere platforms can be: a) on-premises, having 
all the necessary infrastructure of hardware, networks and 
software; b) hybrid, having certain own infrastructure and 
other services in the cloud with a third party; and c) cloud 
supported, in which infrastructure is supported by another 
company. The Table 1 indicates implementation examples.  

The platform to be implemented or chosen must consider 
the codification, trans-codification, transport and display to 
different devices, storage, and CDN options, among others. 

 
4.3.  uLMTV model  

 
uLMTV Model (ubiquitous learning based on platforms 

of multi-screen TV) is defined as an ecosystem made up of 
multiple items that contribute -to a certain degree- to the u-
learning solution. It looks like the solar system, where all 
elements are somehow linked to each other. It considers 
several levels, each one of them including a group of specific 
factors. There is a feedback loop (between the levels and the 
intra-level) to redefine or project the improvements of the 
ubiquitous learning service. The Fig. 5 illustrates the model: 
• First level - Initiation: They are related to the first steps, the 

u-learning idea, the actors that can take part, technology 
trends, and other necessary steps. See Table 2. 
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Figure 5. Elements of the proposed model  
Source: The authors 

 
 

Table 2. 
Aspects of the initiation level 

Factor Description 
Idea General concepts, characteristics, and uses of u-

learning 
Actors Professors, students, directors, companies, institutions, 

among others 
Technology 
trends 

multiscreen platforms, CDN, OTT, transcoding, 
connected devices, broadband, among others 

Context Education sector, corporate sector, health, intelligent 
city, social inclusion, government, etc. 

Others Draft proposal, among others.  
Source: The authors  

 
• Second level - Planning: it includes the requirements of 

technological and technical aspects as well as 
pedagogical and personal ones, teamwork making, or 
management groups that the u-learning service will 
have. Tables 3 to 7 detail such requirements. 

 
Table 3 
It is suggested to define a work team. 

Factor Description 
Implementation Define if it must be taken or not into account.   

 
Interdisciplinary 

YES teachers,  
adviser, 

 engineers,  
pedagogue,   

multimedia and audiovisual programmers,  
among others. 

Source: The authors  
 
 

Table 4. 
Technological aspects 

Technological 
requirements 

Description 

Type of solution 
 

On premise 
Hybrid (own part and rented part) 

Cloud (by a third party) 
Transmission Technology for TV or video everywhere (CDN, 

transcoding, compression enconder, or encryption 
and distribution to any platform, cameras, etc.) 
Service type (VoD, live, broadcast) 

Internet 
connectivity 
infrastructure 

Wireless: Wifi, cellular network (3G, 4G or 5G), 
satellite networks 

Wire: ADSL, optical fiber, cable, etc.  
Hybrids: wireless and wire 

Devices 
(Input and 

Output) 

TV, PC, smartphone, tablet, sensor technology, 
others. 

Communication 
System 

One way interaction (student - content) 
Two ways interaction (student - teacher, student-

student, student - learning environment) 
Interaction complemented with ICT devices and 
resources (sensor technology, second screen app, 

social network, etc.) 
Storage system Contents and videos repository 
Complementary 

systems 
Management systems (service, contents, users, etc). 

Statistics or analytics 
Monitoring, among others. 

Security  Data integrity,  
Authentication 
Data privacy 

Contents or DRM 
Scalability In the amount of users, contents and services 

Context 
awareness 

The content (video) adapts to the device and 
information of the user according to the system’s 

sensing functions.  
Daily Ubiquity This system supports the information to be in any 

place at anytime and on any screen.  
Accessibility Available information, accessibility to ICT 

resources, applications, infrastructure, and 
standards. 

Functionality The system works. 
Immediacy The information is obtained "quickly". 
Usability The system or solution allows the activities to be 

performed quickly and easily. 
Portability Solution can be given in easily carry-on devices.  

Interoperability It works in different systems or devices. 
Flexibility The solution can be adapted to the most suitable 

form. 
User-adjustable The system could consider the users' profiles, 

follow-up and feedback, and the possibility to 
choose. 

Learnability The system is able to learn, which eases the 
students' learning process.  

Source: The authors  
 
 

Table 5. 
Personal or target group's needs 

Requirements  Description 
Type of 
learning 

Formal learning 
Nonformal learning 
Informal learning 

Target group Aimed at ... 
Special 

considerations 
Ages, handicaps, visual or auditory deficiency, or 

none 
Situation He/She works/studies, He/she studies only, He/She 

works only, level of education, others. 
Learning 
objective 

Define objectives 

Accessibility Geographic, personal, technical  
Motivation, 
expectation 

Motivation for technology use, expectations about 
devices, on-line learning experiences  

Source: The authors  
 

Table 6. 
Pedagogical aspects 

Requirements  Description 
U-learning role Complementary 

Partial 
Substitute 

Delimitation  Area of knowledge 
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Define themes or program 
Content Learning material (video and others) 

Guides  
Others 

Interaction Student - contents 
Student - teacher 
Student - student 

Student - learning environment 
Strategies Flipped class, BYOD, active methodologies… 

among others 
Activities Define according to learning objectives... 

Freedom of 
choice 

Possibility to choose the place, moment and ICT 
resources 

Evaluation Self-evaluation 
Between peers 

Expert - traditional 
Activities (samples, exposition, use of video for 

evidences, others) 
Synchronous or asynchronous 

Note: use rubrics 
Customized 

learning 
If it is possible, define according to profiles, 

knowledge/abilities, work speed, etc. 
Source: The authors  

 
 

Table 7. 
Management aspects 

Requirements Description 
Implementation Define if it must be taken or not into account.   

Type Manual or automated 
Supported with 

systems 
LMS, CMS, LCMS, LAMS, combined, others 

Follow-up Learning analytics, others 
Source: The authors  

 
 

Table 8. 
Aspects of product/ implementation level 

Factor Description  
Ubiquitous 

device 
environment 

Devices  
Connect to internet network (wireless, wired, network 
convergence), TVE Infrastructure (CDN, servers, 
encoder, transcoding, distribution, etc.)  

Learing 
environment 

Platform (content-video display to different screens 
webpage, user) 
Resources (applications, contents, google app, social 
media, management systems, learning objects, among 
others)  

Services Activity (as a teacher, among peers, of 
communication, e-portfolio, etc.) 
Contents (videos, guides, rubrics, etc) 
Distance learning, link, educational resources, 
feedback, support 

Source: The authors  
 
 

• Third level - Production/implementation: once the 
requirements are defined, we proceed to the learning 
environment and service construction, among others.  It is also 
necessary to know if it counts on a part of the infrastructure or 
on all of it, or if it will be outsourced.  See Table 8. 

• Fourth level - u-learning service implementation: it 
includes the evidence of the display, the implementation 
or execution of the service, the strengthening and 
development of digital abilities, and the service 
monitoring.  See Table 9. 

Table 9. 
Aspects of u-learning service implementation level 

Factor Description  
Deployment 

tests 
Tx and Rx verification  

In several devices 
Execution 

service 
Focal groups - pilots 

Real scenarios 
Stengthen 

digital abilities 
Stimulate or strengthen the use and appropriation of 
ICT to look for, organize, create, share, and secure 

the information and work in the digital society. 
Service 

monitoring 
Functioning monitoring 

Monitoring the use by users 
Support 

Source: The authors  
 
 

Table 10. 
Aspects of the learning result level 

Factor Description  
Expectation 

process  
Satisfaction Degree 

New knowledge/abilities 
Impact of the 

service 
Usability degree 

Favorability to learning 
Performance 

Others To be defined according to results… 
Source: The authors  

 
 

Figure 6. Proposed checklist  
Source: The authors 

 
 

• Fifth level - learning result: it must be the main aspect: 
how the teaching/learning process was favored and what 
the obtained impact of the u-learning service is. See 
Table 10. 

 
4.3.1.  Checklist 

 
To define what aspects or elements will be considered in 

each level, we propose to check with a ✓if it is carried out or 
with an X if it is not, and to have another field to be filled in 
with comments, as it is shown in Fig.6.  

 
4.4.  Experimental case 

 
As a proof of concept, and to exemplify the u-learning 

service based on platforms of multi-screen TV, a scenario 
with several complementing videos for the internship in the 
area of telecommunication has been set up. The video was 
embedded in the cloud supported with video platform kaltura, 
and its link is published via e-mail or WhatsApp.   

We defined aspects such as educational context, formal 
education, u-learning role (complementary), topics on optical fiber 
connection in the academic subject of optical communication,  
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Figure 7. Deployment tests 
Source: The authors 

 
 

 
Figure 8. Case of interaction with QR code in device 
Source: The authors 

 
 

Table 11. 
Plataforms used 

Platform Plays 
COMPUTER  66 

MOBILE 19 
DMR 4 

TABLET 3 
Source: The authors (based on a report of analysis in platform kaltura) 

 
 

and obtaining pattern radiation in the subject radio-
propagation and antennas; content (video), an interactive 
feedback quiz, additional interaction by means of QR code, 
video platform used (kaltura). Tests are carried out with 
several ubiquitous devices such as smartphones, TV, PC and 
Tablets, connected to Internet through wireless networks 
(wifi, cellular), and wire net. See Fig. 7. 

Fig. 8 illustrates a case using sensor technology (QR 
codes, and the camera of a Smartphone) in a laboratory 
device.  

92 video views were performed in four platforms (PC, 
Tablet, Smartphone, and in TV connected with google TV), 
Table 11. 90 out of 92 views were seen in Colombia and two 
in the United States, confirming coverage in any place.  

Views were seen in 8 different operating systems (Table 
12). 

Table 12. 
Operating systems used 

Operating System Plays 
WINDOWS 7  64 
ANDROID5 15 

GOOGLE TV 4 
ANDROID4 TABLET 3 

IOS9 IPHONE 2 
ANDROID MOBILE 2 

WINDOWS 10 1 
LINUX 1 

Source: The authors (based on a report of platform kaltura) 
 
 
The 92 reproductions were seen in 10 different Web 

browsers as chrome, chrome mobile, firefox, IES, safari4, 
and mobile safari. 

 
5.  Discussion 

 
The model shown is an example to perform a u-learning 

service based on platforms of multi-screen TV, where more 
than one device can be used to interact with the content.  The 
video is considered as an important element to be 
implemented in different activities of the teaching/learning 
process. Video platforms that best fit the needs and 
conditions of teachers and institutions must be identified.  For 
this test, it was defined to use video platform kaltura, which 
besides offering a free version, allows to add an interactive 
quiz application to the video, favoring a different experience 
when watching the video.  In addition, this video platform is 
a cloud-supported service, which favors the u-learning 
characteristics. 

It is possible to use several video platforms or other cloud 
support services/applications to complement the activities 
within the teaching/ learning process; for example, youtube 
channels. These allow students to create their own videos, or 
to share and record an e-portfolio by means of a blog. 

Some of the elements laid out in the model were 
positively experienced, like the sense of ubiquity, 
interoperability, functionality, portability, and context 
awareness (the video was adapted in different test devices, 
and using sensor technology with QR codes). A longer curve 
of time takes place at the beginning of the learning process, 
especially about the technological aspects while the u-
learning environment and services are developed and 
configured. A wider implementation of u-learning will 
require to consider many more elements, as well as the 
resources and efforts needed to carry it out. It is here where 
creativity, innovation and free resources (mainly for 
education) are needed. 

The tests of the video deployment worked properly in the 
various devices and operating systems used. The interaction 
with QR code arranged in a laboratory device worked 
correctly too (which allows accessing the video that 
illustrated the process of practice) by using a mobile device, 
confirming the versatility of the cloud supported video 
platform we used. Among the navigators, the most frequently 
used was Chrome. The video had an application layer with 
an interactive quiz, which gives another impression to engage 
the user more, and provides feedback. In certain PC or Tablet 
equipments, in google TV, and in cellphones with IOS, the 
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content of the interactive quiz could not be viewed because 
of certain aspects such as an old navigator version or the lack 
of some complements. This can be avoided in future versions 
by finding other options or second-screen applications.   

The idea within the u-learning approach is to use diverse ICT 
resources and platforms that allow the content/applications to be 
“everywhere”, to enrich the learning process, and to take the 
experience beyond the classroom, and to provide more 
flexibility, among others. As Lopez et al. emphasize [47], this u-
learning ecosystem is supported by the convergence of 
technologies, telecommunications, internet connectivity 
scenarios, and computing systems, in which video content can 
be adapted to any screen. 

When comparing the model and the topic presented in this 
paper to several mentioned authors (see Table 13), some 
aspects stand out such as: multiscreen display, more 
information of the elements of the model, the video as main 
content, and the use of cutting-edge technology as cloud 
computing, CDN services, and TV everywhere. 

The Table 14 and Fig. 9 illustrate that the model based on 
TV everywhere or multi-screen video platforms supported in 
the cloud includes advantages as opposed to traditional 
TV/video systems like digital terrestrial television (DTT), 
Digital satellite television (DST), digital cable television 
(DCT) and IPTV private server, which use only one means 
or device or specific standard, or requires to have an 
infrastructure. Table 14 illustrates that the cloud-supported 
video platform optimizes the deployment to different screens, 
and supports more operating systems and navigators. 

 
Table 13. 
Comparison of the model to other authors 

Aspect   
Authors  

Hijaz
i Wagner Caytile

s Rusu Inthachot 

Detail of the 
model Wide Poor Average Average Average Low 

Display 
Multiscreen YES NO NO NO NO NO 

Use of the 
main video YES NO NO NO NO NO 

Integrate 
more ICT  YES Little Little Average YES Average 

Cover Wide Campus Simulated Campus Averag
e 

It is not 
clear 

with cloud 
computing YES NO NO NO NO NO 

Context 
awareness YES YES Little YES YES NO 

Main 
infrastructure Cloud Client/ 

server 

Agents/ 
ontologie

s 

Client/ 
server 

It is 
not 

clear 

It is not 
clear 

Source: The authors 
 
 

Table 14. 
Comparative analysis to traditional TV platforms 

Aspect Cloud 
TV/video 

DTT DST DCT  IPTV 

Return channel 
limitation 

Bajo Alto Medio Bajo Bajo 

Supports different 
O.S 

Alto Bajo Bajo Bajo Medio 

Multi-screen 
optimization 

Alto Bajo Bajo Bajo Bajo 

Source: The authors 

 
Figure 9. Comparative analysis to traditional TV platforms 
Source: The authors 

 
 
In Fig. 9, it is shown that the solution of cloud supported 

TV/video is of faster implementation, greater coverage and 
can support more interactivity than other traditional 
platforms. 

 
6.  Conclusions 

 
The u-learning model based on platforms of multi-screen 

TV takes into account various elements that, when being 
considered partially or totally, contribute to the learning 
everywhere. The video is presented as the main content, 
which can be applied in different activities or strategies to 
favor other experiences and have a better impact in the 
learning. Due to the advance of digital technology and 
convergence, it is possible for the video to be displayed in 
different screens. Any user or traditional TV supplier can 
implement a hybrid or complete solution based on online 
cloud-supported video platforms. Results demonstrate a 
satisfactory and optimal deployment of the video in multiple 
screens, and the model as a good example since technology 
trends like OTT, CDN, and adaptive bitrate are taken into 
account as well as the cloud-supported video.  

Although the proposed model is based on connectivity 
scenarios, u-learning also considers to continue learning “off-
line” (with analogous elements, books, etc.). At the same 
time, the infrastructure topic (connectivity to Internet) 
becomes a challenge for the institutions or companies to 
provide the users with the benefit of being connected to the 
network. In u-learning, any device or ICT resource can favor 
and enrich the teaching and learning process beyond a 
traditional classroom, showing different application choices. 
The large use of mobile devices and their advantages of 
portability and mobility allow to extend the scenarios thanks 
to second screen applications and the use of sensor 
technology like QR codes. Cloud computing services favor 
to extend and implement real scenarios of u-learning in 
contexts of formal, non-formal and informal education, and 
in other contexts as well. The role of u-learning as 
complement, partial or alternative, can be implemented. U-
learning favors personal learning environments (PLE) by 
making possible for the student to choose among different 
options.  As future work, we expect to continue validating 
and giving feedback on the model, as well as working on the 
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prototypes and u-learning service implementations that 
consider more elements from the outlined uLMTV. We will 
consider standards like LOM (Learning Object Metadata), 
analytics, articulation with LMS, more interactivity options 
and context awareness, customization, evaluation. We will 
also verify the significant learning, among others. 

 
Acknowledgements 

 
The authors gratefully acknowledge the support given by 

Colciencias (National doctorate scholarship). 
 

References 
 

[1]  UNESCO. Las TIC en la educación [online], [reviewed: April 17th, of 
2014]. Available at: http://www.unesco.org/new/es/unesco/ 
themes/icts/  

[2]  The World Bank. Education for all (EFA) [online], [reviewed: April 
17th, of 2014]. Available at: http://go.worldbank.org/I41DLBA8C0 

[3]  Aktaruzzaman, M., Shamim, M., Huq, R. and Clement, C.K., Trends 
and issues to integrate ICT in teaching learning for the future world 
of education. Int. J. Eng. Technol. IJET-IJENS. [online]. 11(3), 2011. 
[reviewed: april 17th, of 2014]. Available at: http://www.ijens.org/ 

[4]  Päivi-Aarreniemi, J., T-learning for model learning via digital TV, 
Proceedings of 16 th Conference European Association for Education 
in Electrical and Information Engineering (EAEEIE 05), 2005. pp.1-
6.  

[5]  Wang, F. and Zhou, Ch., A theoretical study on development of 
information and communication technology (ICT)-Supported 
education systems, Proceedings of 10th International Conference on 
Fuzzy Systems and Knowledge Discovery (FSKD), 2013. pp. 1080-
1084. DOI: 10.1109/FSKD.2013.6816357 

[6]  Cobo, C. and Moravec, J.W., Aprendizaje invisible: Hacia una nueva 
ecología de la educación [online], 2011, [reviewed: Sept. 21th of 
2016]. Available at: 
http://conservancy.umn.edu/handle/11299/144375 

[7]  UNESCO. Global education monitoring report [Online], France, 
2016, [reviewed: Sept. 21th of 2016]. Available at: 
http://es.unesco.org/gem-report/ 

[8]  Infodev/World Bank. ICT and education - Key issues [Online], 
[reviewed: April 17th, of 2014]. Available from: 
http://www.worldbank.org/ 

[9]  Diaz, J. and Rusu, C., Ubiquitous computer-supported collaborative 
learning: A literature review, Proceedings of Information 
Technology: New Generations (ITNG), 2014 11th International 
Conference on, 2014, pp. 593-598. DOI: 10.1109/ITNG.2014.48  

[10]  Weiser, M., The computer for the 21st century. Scientific American, 
265(3), pp.94-104, 1991. DOI: 10.1038/scientificamerican0991-94 

[11]  Aihua, Z., Study of ubiquitous learning environment based on 
Ubiquitous computing, Proceedings of Ubi-media Computing (U-
Media), 2010 3rd IEEE International Conference on. 2010, pp. 136-
138. DOI: 10.1109/UMEDIA.2010.5544482 

[12]  Stefan, L., Gheorghiu, D., Moldoveanu, F. and Moldoveanu, A., 
Ubiquitous Learning Solutions For Remote Communities - A case 
study for K-12 classes in a Romanian Village, Proceedings of Control 
Systems and Computer Science (CSCS), 2013 19th International 
Conference on, pp. 569-574. DOI: 10.1109/CSCS.2013.22 

[13]  Zhou, W., Cui, B., Wang, B., Shi, Q. and Yokoi, S., An exploration 
of ubiquitous learning in computer fundamental learning scenario. 
Proceedings of The 7th International Conference on Computer 
Science & Education (ICCSE 2012), Melbourne, Australia, 2012, pp. 
1420-1424. DOI: 10.1109/ICCSE.2012.6295330 

[14]  López, G.A., Jiménez, J.A. and Puche, W.S., Ubiquitous personal 
learning environment model (uPLEMO), Proceedings of 2016 
Technologies Applied to Electronics Teaching (TAEE), 2016, pp. 1-
8. DOI: 10.1109/TAEE.2016.7528383 

[15]  Chiu, P-S., Kuo, Y-H., Huang, Y-M. and Chen, T-S., A meaningful 
learning based u-Learning evaluation model, Proceedings of Eighth 

IEEE International Conference on Advanced Learning Technologies, 
2008, pp. 77-81. DOI: 10.1109/ICALT.2008.100 

[16]  Yahya, S., Arniza, A.E. and Abd-Jalil, K., The definition and 
characteristics of ubiquitous learning: A discussion. International 
Journal of Education and Development using Information and 
Communication Technology (IJEDICT) [online]. 6(1), pp. 117-127, 
2010. [reviewed: Oct 15th of 2014]. Available at: 
http://ijedict.dec.uwi.edu//viewarticle.php?id=785 

[17]  Restrepo, C.M.Z., Lalinde, J.G., Polido, O.A., Mejía, C.V., Núñez, 
R.A., Three dimensions as basic references for the construction of 
ubiquity learning environments in a university context, Proceedings 
of the 4th International Conference on Computer Supported 
Education, 2016. pp. 427-431. DOI: 10.5220/0003923904270431  

[18]  Castro, S.M., Clarenc, C.A., López-de Lenz, C., Moreno, M.E. y 
Tosco, N.B., Analizamos 19 plataformas de e-learning [online], 2013, 
154 P.  [reviewed Sept. 26th of 2014]. Available at: 
www.congresoelearning.org 

[19]  Aarreniemi-Jokipelto, P., Modelling and content production of 
distance learning concept for interactive digital television, PhD 
Dissertation, Department of Computer Science and Engineering, 
Helsinki University of Technology, Espoo, Finland, 2006.  

[20]  Caytiles, R.D., Jeon, S-H. and Kim, T., U-Learning Community: An 
interactive social learning model based on wireless sensor networks, 
Proceedings of 2011 International Conference on Computational 
Intelligence and Communication Systems. pp. 745-749. DOI: 
10.1109/CICN.2011.165 

[21]  Sung, J-S., U-learning model design based on ubiquitous 
environment.  International Journal of Advanced Science and 
Technology. [online]. 13, pp.77-88, 2009. [cited May 18th of 2014]. 
Available at: 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.178.3054
&rep=rep1&type=pdf 

[22]  Hijazi, H.W. and Itmazi, J.A., Crawler Based Context Aware Model 
for Distributed e-Courses through Ubiquitous Computing at Higher 
Education Institutes. Proceedings of e-Learning “Best Practices in 
Management, Design and Development of e-Courses: Standards of 
Excellence and Creativity”, 2013 Fourth International Conference on. 
pp. 9-14. https://doi.org/10.1109/ECONF.2013.28 

[23]  Rabello, S., Oliveira, J., Wagner, A., Barbosa, J. and Barbosa, D.. 
CoolEdu-A collaborative multiagent model for decentralized 
ubiquitous education environments, IEEE Latin America 
Transactions, 10(6), pp. 2273-2279, 2012. DOI: 
10.1109/TLA.2012.6418132 

[24]  Wagner, A., Barbosa, J.L.V. and Barbosa, D.N.F., A model for profile 
management applied to ubiquitous learning environments, Expert 
Systems with Applications, 41(4), pp. 2023-2034, 2014. DOI: 
10.1016/j.eswa.2013.08.098 

[25]  Joo, K.H. and Park, N.H., Design and application of the u-SM 
teaching and learning model for an efficient ubiquitous learning. 
Proceedings of Computing, Management and Telecommunications 
(ComManTel), 2013 International Conference on. pp. 264-268. DOI: 
10.1109/ComManTel.2013.6482402  

[26]  Inthachot, M., Sopeerak, S. and Rapai, N., The development of a U-
learning instructional model using project based learning approach to 
enhance students’ creating-innovation skills, Procedia - Social and 
Behavioral Sciences, 103, pp. 1011-1015, 2013. DOI: 
10.1016/j.sbspro.2013.10.426  

[27]  Noam, E., Cloud TV: Toward the next generation of network policy 
debates, Telecommunications Policy, 38(8-9), pp. 684-692, 2014. 
DOI: 10.1016/j.telpol.2013.10.004 

[28]  Waterman, D., Sherman, R. and Wook-Ji, S., The economics of online 
television: Industry development, aggregation, and “TV 
Everywhere.”, Telecommunications Policy, 37(9), pp. 725-736, 2013. 
DOI: 10.1016/j.telpol.2013.07.005  

[29]  Sanz, E. and Crosbie, T., The meaning of difgital platforms: Open and 
closed television infrastructure, Poetics, 55, pp. 76-89, 2016. DOI: 
10.1016/j.poetic.2015.11.002  

[30]  Doyle, G., Resistance of channels: Television distribution in the 
multiplatform era, Telematics and Informatics, 33(2), pp. 693-702, 
2016. DOI: 10.1016/j.tele.2015.06.015  

[31]  ETSI. Hybrid broadcast broadband TV. ETSI TS 102 796 V1.1.1 
[online], Technical Specification, France, 2010 [reviewed May 15th 



Moreno-López et al / Revista DYNA, 84(203), pp. 160-169, December, 2017. 

169 

2015]. Available at: http://www.etsi.org/deliver/etsi_ts/102700_ 
102799/102796/01.01.01_60/ts_102796v010101p.pdf 

[32]  DATE, Consulting. advanced TV services for all, available now with 
hybrid broadcast broadband TV solutions, 2013 [reviewed Sept. 19th 
of 2016]. Available at: http://www.eutelsat.com/files/contributed/ 
news/media_library/brochures/Hybrid-TV-White-Paper-iDate-
Eutelsat-Orange.pdf 

[33]  Lin, T.T.C. and Oranop, C., Responding to media convergence: 
Regulating multi-screen television services in Thailand, Telematics 
and Informatics, 33(2), pp. 722-732, 2016. DOI: 
10.1016/j.tele.2015.07.005  

[34]  Cisco. The zettabyte era—trends and analysis [online]. Cisco - White 
Papers, 2015 [reviewed March 31th of 2016]. Available at: 
http://www.cisco.com/ 

[35]  Hooper, M., Moyler, A. and Nicoll, R., Over The Top TV (OTT TV) 
delivery platforms review [online], 2010 [reviewed May 29th of 
2014]. Available at: http://www.bci.eu.com/over-the-top-tv/ott-tv-
white-paper/ 

[36]  Kim, J., Kim, S. and Nam, C.m Competitive dynamics in the Korean 
video platform market: Traditional pay TV platforms vs. OTT 
platforms, Telematics and Informatics, 33(2), pp. 711-721, 2016. 
DOI: 10.1016/j.tele.2015.06.014  

[37]  Mell, P. and Grance, T., The NIST definition of cloud computing. 
recommendations of the National Institute of Standards and 
Technology [online], 2011 [reviewed Sep 15th of 2016]. Available at: 
http://nvlpubs.nist.gov/nistpubs/Legacy/SP/nistspecialpublication80
0-145.pdf 

[38]  Singh, S., Jeong, Y-S. and Park, J.H., A survey on cloud computing 
security: Issues, threats, and solutions, Journal of Network and 
Computer Applications, 75, pp. 200-222, 2016. DOI: 
10.1016/j.jnca.2016.09.002 

[39]  Elemental Technologies. CDNs DEMYSTIFIED. A streaming 
technology primer [Online], 2012 [reviewed Sep 15th of 2016]. 
Available at: http://www.elemental.com/ 

[40]  Hours, H., Biersack, E., Loiseau, P., Finamore, A. and Mellia, M., A 
study of the impact of DNS resolvers on CDN performance using a 
causal approach, Computer Networks, 109(2), pp. 200-210, 2016. 
DOI: 10.1016/j.comnet.2016.06.023 

[41]  Tan, T.K., Weerakkody, R., Mrak, M., Ramzan, N., Baroncini, V., 
Ohm, J-R. et al., Video quality evaluation methodology and 
verification testing of HEVC Compression Performance, IEEE 
Transactions on Circuits and Systems for Video Technology, 26(1), 
pp. 76-90, 2016. DOI: 10.1109/TCSVT.2015.2477916  

[42]  Stankowski, J., Grajek, T., Wegner, K. and Domanski, M., Video 
quality in multiple HEVC encoding-decoding cycles. Proceedings of 
Systems, Signals and Image Processing (IWSSIP), 2013 20th 
International Conference on, 2013. pp. 75-78. DOI: 
10.1109/IWSSIP.2013.6623453  

[43]  De Praeter, J., Van Wallendael, G., Vermeir, T., Slowack, J. and 
Lambert, P., Spatially misaligned HEVC transcoding with 
computational-complexity scalability, Journal of Visual 
Communication and Image Representation, 40(Part A), pp.149-158, 
2016. DOI: 10.1016/j.jvcir.2016.06.025  

[44]  Hwang, K-W., Gopalakrishnan, V., Jana, R., Lee, S., Misra, V., 
Ramakrishnan, K.K. et al., Joint-family: Adaptive bitrate video-on-
demand streaming over peer-to-peer networks with realistic 
abandonment patterns, Computer Networks, 106, pp. 226-244, 2016. 
DOI: 10.1016/j.comnet.2016.06.006  

[45]  Gibelli, T., La investigación basada en diseño para el estudio de una 
innovación en educación superior que promueve la autorregulación 
del aprendizaje utilizando TIC, Argentina, [online]. 2014- [reviewed 
Dec. 12th of 2015]. Available at: www.oei.es/historico/ 
congreso2014/memoriactei/1440.pdf.  

[46]  Allen Interactions Inc., Agile eLearning development with SAM 
[online], [reviewed Dec. 13th of 2015]. Available at: 
http://www.alleninteractions.com/sam-process 

[47]  Moreno-López, G.A., Builes-Jimenez, J.A. and Bernal-Villamil, S.C., 
Overview of u-learning. Concepts, characteristics, uses, application 
scenarios and topics for research, IEEE Latin America Transactions, 
14(12), pp. 4792-4798, 2016. DOI: 10.1109/TLA.2016.7817013.  

 
 

G.A. Moreno-López, is associated professor at Politécnico Jaime Isaza 
Cadavid. MSc. in Engineering, Sp. degree of telecommunications and BSc. 
in Electronics Engineer of Universidad Pontificia Bolivariana. Current PhD 
candidate in Systems Engineering. Areas of research: loT, educational 
technology, ubiquitous computing, cloud computing, platforms of digital 
TV, u-learning, TV everywhere.  
ORCID: 0000-0002-7269-9020 
 
E.J. Ramírez-Monsalve, ia a full time professor, at the Facultad de Ciencias 
Humanas y Económicas, Universidad Nacional de Colombia, Medellín, 
Colombia. He holds a degreee in Sociology from Universidad Autónoma 
Latinoamericana and received an MSc. in Socio-Educational Research from 
Universidad de Antioquia, and a PhD. Education and Society from 
Universidad de Sevilla, España. His research areas  include: e-learning, b-
learning  and pedagogy.  
Orcid: 0000-0002-0648-2341 
 
J.A. Jiménez-Builes, is a full time professor, at the Facultad de Minas, 
Universidad Nacional de Colombia, Medellín, Colombia. He holds a BSc. 
degreee in Computer Teaching Universidad de Medellin, Colombia and 
received an MSc. in System Engineering, and a Ph.D. Engineering from 
Universidad Nacional de Colombia, Medellín, Colombia. His research areas  
include: artificial intelligence in education, knowledge management, E-
learning and T-learning. 
ORCID: 0000-0001-7598-7696 
 
 

 
 

 

Área Curricular de Ingeniería 
de Sistemas e Informática 

Oferta de Posgrados 

Especialización en Sistemas 
Especialización en Mercados de Energía 

Maestría en Ingeniería - Ingeniería de Sistemas 
Doctorado en Ingeniería- Sistemas e Informática 

 
Mayor información: 

 
E-mail: acsei_med@unal.edu.co 

Teléfono: (57-4) 425 5365 
 

http://orcid.org/0000-0002-7269-9020?lang=en
http://orcid.org/0000-0001-7598-7696

