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					Abstract

					From a technical perspective, the future of learning is defined by four axes around which technological and methodological efforts revolve. These axes are mobility, interaction, artificial intelligence and technology-based resources such as augmented reality and games applied to learning. Combining them means creating a model of mobile, interactive and intelligent scenarios that take advantage of the spaces and times available to the learner. The various technologies are already available yet used separately in different educational experiences. It is therefore crucial to combine and integrate them into didactic models wherein the learning attained by students is significant. This article discusses these technologies and proposes an integrative model that enables a framework of reference for didactic work to be established. It concludes by highlighting the need to experiment with technologies and to apply the results to teaching-learning models using alternative interaction schema, and the urgency of having intelligent tutoring systems to make tutoring available on a massive scale.
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					Aprendizaje móvil: perspectivas

					Resumen

					El futuro del aprendizaje, desde una perspectiva técnica, está integrado por cuatro ejes que lo definen y sobre los que se articulan esfuerzos tecnológicos y metodológicos. Estos ejes son: la movilidad, la interacción, la inteligencia artificial y recursos basados en tecnología como la realidad aumentada y los juegos aplicados al aprendizaje. Su combinación supone la creación de un modelo de escenarios móviles, interactivos e inteligentes que aprovechan todos los espacios y tiempos disponibles para el aprendiente. Las distintas tecnologías, cada una por su lado, ya están disponibles y son utilizadas en diversas experiencias educativas; lo que se hace necesario es la conjugación de estas a través de modelos didácticos en los que el aprendizaje alcanzado por los estudiantes sea significativo. En este artículo se discuten estas tecnologías y se plantea un modelo de integración que posibilita el establecimiento de un marco referencial de trabajo didáctico. Se concluye la necesidad de experimentar tecnologías y plasmar los resultados en modelos de enseñanza-aprendizaje que utilicen esquemas de interacción alternativos y la urgencia de contar con sistemas tutoriales inteligentes para masificar la tutoría.
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					Mobility as a platform

					We live in an era in which more and more information and knowledge are becoming available in less time (Kurzweil, 2005), technological developments are faster than pedagogical developments and, generally speaking, technology is what ends up determining many of the lines of research to pursue. Based on device sales indicators, The Horizon Report (Johnson, Smith, Willis, Levine, & Haywood, 2011) put mobile computing on the near term horizon, due in part to the increase in mobile access plans and the development of mobile learning within reach of all students. The growth in rates of access to the Internet via mobile devices is setting a trend that actually runs counter to the classic disadvantages experienced by certain social and ethnic groups.

					Mobile devices offer the advantage of integrating several technologies into a single unit; in the field of education, this represents a set of possibilities that have had a major impact (Low, 2006). They offer the possibility of having tools and resources available anytime, anywhere, thereby creating a combination of possibilities that, properly exploited, can improve learning results. Applying the concept of mobility to education has the power to make processes ubiquitous and to combine formal learning that takes place in a classroom with informal learning that occurs in social networks, thus breaking structures and concepts and paving the way for a series of innovations, the effects of which need to be experienced.

					In addition to academic applications is the Web 2.0 phenomenon, which has caused the mobile wave to spread across the globe; Internet users upload information to share with others in their social networks, they interact with each other in those social networks and they collaboratively construct knowledge as constituent parts of a collective intelligence in which leisure and entertainment take up a considerable amount of time.

					According to Low (2006), learning via mobile devices facilitates the students’ activities, which the author divides into four categories:

					
							Students are capable of creating and capturing their own content.

							Students can access educational resources.

							Students use digital devices to process learning stimuli.

							Students communicate with their peers and tutors, establishing relationships that are useful to learning.

					

					The fourth category refers to the interaction that occurs among members of a learning network, which includes lecturers and students. On the one hand, the relationships enable the development of social learning (Siemens, 2005; Sangrà & Wheeler, 2013), wherein the community’s positive behaviours are imitated and, on the other, the development of a social constructivist environment, wherein the social context is the cornerstone for the construction of learning.

					Mobile devices improve communication possibilities and facilitate social interaction, collaboration and learning (Low & O’Connell, 2006). Likewise, they improve educational dynamics by increasing communication possibilities (Liu & Kao, 2007). However, it is crucial to develop experimental models that use these technologies, which are capable of facilitating positive learning results. Theoreticians in this field have suggested that further research should be conducted on the application of mobile computing to education and the resultant findings docu- mented (Cobcroft, Towers, Smith, & Bruns, 2006; Torrisi-Steele, 2006). While there is a considerable number of studies and accounts of experiences on the various areas of mobile learning, it is essential to consolidate that knowledge and apply it to reference models, wherein both the use and the target results are sought.

				
				
					Socialisation and learning

					Informal learning refers to learning based on day-to-day experience (Siemens, 2005); we constantly learn from mistakes, experience, context, etc. It is not usual for informal learning to occur within a structured setting such as a classroom. Informal learning has its origin in the social learning theory of Rotter (1954), which indicates that a person tends to learn from a community those behaviours that he or she considers positive and useful. The members of a community seek out those situations or information that add value to their goals or arouse a particular interest. Besides the distinction between egocentric and object-centric social networks (Stutzman, 2007), interaction gener­ally occurs around content and topics; for content, it occurs indistinctively around photos, videos and other media, and, in the words of Llorens and Capdeferro (2011), “text, voice, music, graphics, photos, animation and video are combined to promote users’ thinking and creativity when undertaking high-level tasks”; for topics, interaction occurs around the interest in giving one’s opinion on or finding out about the community’s criteria on specific topics (Torres-Diaz, Jara, & Valdiviezo, 2013).

					The development and spread of mobile devices have been extraordinary and have fostered the emergence of socially oriented complementary technologies. The advantage of Web 2.0 and social networks is that the users (students in this instance) can create, share, comment on and improve content in a collaborative and inclusive spiral, where they share and learn. Moreover, these activities can take place in a ubiquitous environment thanks to mobile technology (Torres-Diaz et al., 2013). Mobility encourages interaction because of its ubiquity advantage. Today, it is usual for users to interact when on the move and not necessarily at any specific time. This makes day-to-day learning a way of life. Using social networks for learning implies learning formal content in an informal manner; content creation, interaction and learning occur on academic topics that form part of the students’ curricula.

					The fact that new generations have adopted informal learning as one of the natural actions that they undertake at any time is beyond question (Llorens & Capdeferro, 2011). Therefore, academia has the task of transferring its offerings to these new scenarios – with which students are familiar and within which they feel comfortable – and taking advantage of the spaces that social networks generate and, above all, of the methods employed to interact and learn collaboratively.

				
				
					Artificial intelligence: recommender systems

					An emergent field of artificial intelligence is recommender systems (RSs), which suggest topics, activities or products in accordance with the user’s preferences (Velez-Langs & Santos, 2006). An RS works in two ways: by predicting that a user will like a certain product or by recommending a product in accordance with the user’s prefer­ences (Sarwar, Karypis, Konstan, & Riedl, 2001). Similarly, Peña & Riffo (2008) define RSs as an information-filtering technology that provides personalised recommendations of products that a user requires; these supply a useful mechanism for suggesting people, services or objects of interest in a specific context (Alejandres Sánchez, González Serna, & Vargas Govea, 2011). RSs are the future of artificial intelligence; in the field of education, they provide the tutoring component and help lecturers with their task of recommending resources and activities. Their potential is so vast that they are considered a fundamental element for the future of massive open online courses (MOOCs).

					There are various studies in which RSs are an integral part of academic processes. Casali, Gerling, Deco, and Bender (2010) created an intelligent system that helps users find digital educational resources that are best suited to their profiles. In their study, they used the multi-agent architecture proposed by Gerling (2009), which has the following levels: interface agent, semantic refining agent, user profile agent, search engine agent, mediating agent and recommender agent. García Salcines, Romero Morales, Ventura Soto, and De Castro Lozano (2008) have proposed the Continuous Improvement of e-Learning Courses Framework (CIECoF) as a collaborative RS applied to education, the main aim of which is to help lecturers improve online courses; they apply distributed data mining to a client-server architecture with N clients, who use the same association rule mining algorithm in a local environment, taking the history of the students’ use of an online course as the input.

					In virtual learning environments (VLEs), Valdiviezo, Santos, and Boticario (2010) have expounded the application of unsupervised learning techniques to identify common patterns of interaction with the forums available on an OpenACS/dotLRN course, promoting the definition of recommendations that help to improve the students’ learning experience. The cases presented above are just a small sample of the breadth of research work conducted on the application of artificial intelligence to educational resources and processes.

				
				
					Augmented reality

					This concept is defined as a reality that goes beyond the reality we are normally able to perceive through our senses; augmented reality adds a layer of contextual information to the real world (Johnson et al., 2011). This layer may contain any type of computer-generated information. Azuma, Behringer, Feiner, Julier, and Macintyre (2001) have defined augmented reality as an amalgamation of graphics, vision and multimedia to improve the user’s perception of the real world by adding virtual information.

					Augmented reality applications have features that may be static, dynamic, interactive or autonomous, which can be viewed on a computer screen or a specially designed viewing device, or via images projected in the form of a hologram (Thornburg & Mahoney, 2009). This enables users (students) to go into a real world that has an addi-tional layer of information. This layer offers the possibility of moulding or nuancing reality through digital elements to enhance perception and, in general, to improve learning.

					In the field of education, this technology promises significant contributions; ideally, its applicability would be oriented towards studying hard-to-access or danger-ridden knowledge areas.

					
						Augmented reality is an active, not a passive technology; students can use it to construct new understanding based on interactions with virtual objects that bring underlying data to life. Dynamic processes, extensive datasets, and objects too large or too small to be manipulated can be brought into a student’s personal space at a scale and in a form easy to understand and work with (Johnson et al., 2011).

					

					The noted interaction and autonomy characteristics are especially significant in the field of education, where the advantage over traditional learning methods resides in the fact that students are able to see, hear and ma-nipulate information (Liarokapis & Anderson, 2010); it is also possible to repeat certain parts of a process as many times as necessary without consuming materials or running risks that an experiment may involve. Liarokapis and Anderson (2010) have underscored four potential benefits of augmented reality in the field of education:

					
							Multi-modal visualisation of difficult theoretical concepts.

							Practical exploration of the theory through tangible examples.

							Natural interaction with multimedia representations of teaching material.

							Effective collaboration and discussion amongst the participants.

					

				
				
					Game-based learning

					Game-based learning is defined as the use and design of game elements in “non-game” environments (Deterding, Khaled, Nacke, & Dixon, 2011). Applying games to education can be analysed from motivational, cognitive and sociocultural perspectives (Jong, Shang, Lee, & Lee, 2008). In the first instance, Prensky (2003) has contrasted the learning success that can be attained by motivated students and the minimally motivating aspect of the content delivered to them. Many studies have related motivation with learning, and most are based on the proposal by Malone (1980), in which the author underscores seven factors that generate intrinsic motivation: challenge, curiosity, control, fantasy, competence, cooperation and recognition. These factors enable the user to participate actively, which coincides with the tendency to shift from an instructive model to a constructivist model, wherein the student plays a lead role.

					Regarding the cognitive perspective of the use of games, there are two ways in which games can be applied to higher education. First, games are used with broader aims, wherein their use has greater importance within a set of learning activities; they are, therefore, a means of acquiring knowledge and certain skills. Second, games are used in specific situations, wherein they make a complementary contribution to course content (Johnson et al., 2011).

				
				
					Towards techno-pedagogical integration

					The integration of technology into education has led to various studies and reference models being conducted and developed. These have put order into scholarly work and point to paths that ought to be pursued in the process of implementing educational technology (Park, 2011; Kearney, Schuck, Burden, & Aubusson, 2012; Castaño-Muñoz, Duart, & Sancho-Vinuesa, 2013; Cataldi & Cabero Almenara, 2006; Junco & Cotten, 2011). In that process, it has been established that learning is affected by the tools used, and likewise, that learning tools are modified by the way in which they are used (Kearney et al., 2012). This reflects a profound relationship between concepts and means, and the need for a systemic view of teaching-learning models.

					A conceptual model that situates mobile learning from different perspectives is relevant and necessary to guide formative actions in specific contexts. In an initial effort to provide mobile learning with a platform of analysis, Park (2011) has proposed a four-type categorisation of mobile learning technologies. In Figure 1, the x-axis is divided at the ends into individualized activity (- x) and socialized activity (+ x); on the y-axis, it is assumed that activities can be of low transactional distance (+ y) and high transactional distance (- y), where high or low transactional distance is when the activities are considered to require a highly structured academic programme or not.

					Danaher, Gururajan, & Hafeez-Baig (2009) have proposed a model comprising three principles: participation, presence and flexibility. These principles are employed as strategies to evaluate pedagogical innovations in mobile learning environments. Kearney et al. (2012) have proposed another model in which three elements intervene: authenticity, collaboration and personalisation. In that model, mobility is approached from a pedagogical perspective embedded in a space-time context. A model that goes beyond conceptual aspects and takes usability into account is the one by Vavoula & Sharples (2009), which has a three-level evaluation framework comprising a micro level, a meso level and macro level examining individual activities, the learning experience and institutional impact, respectively. However, there are two broader models that consider technical elements of mobile devices. One is by Koole (2009), which is based on a systemic perspective that enables learning to be situated in the best way possible by taking different contexts into account, and the other is by Ozdamli (2012), which comprises four components: integration of tools, pedagogical approaches, assessment techniques and teacher training. In this model, mobile tools provide support for communication among students, teachers and resources; the pedagogical approaches include constructivism, active learning, collaborative learning and blended learning. The assessment techniques are integral, and among them are computer-based assessment, tutor assessment, self-assessment and peer assessment.

					
						
							Figure 1. Working framework for mobile learning (Park, 2011)
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					In this article, we propose a model that is similar to the one by Kearney et al. (2012) as regards the collaboration and personalisation components; however, the proposed model is more complete because it articulates elements that, taken to a virtual platform, enable interactive and intelligent mobile learning scenarios to be configured, wherein students see and feel an environment adapted to their needs and learning styles.

					The first element of the model is mobility, the greatest contribution of which is its ability to break down the barriers of space and time as it enables permanent contact between the actors of a teaching-learning process (see Figure 2).

					The second component of this schema is socialisation, on which a universe of relationships is built. These relationships represent the richness and potential of a learning process. In this component, it is crucial to consider the need to combine formal and informal learning as it is the latter that takes place in social networks, and it usually does so through leisure or entertainment content. The challenge is to apply the tools and methods used in social networks to the formal content imparted in the education system.

					
						
							Figure 2. Integration schema
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					The component that distinguishes our model from those currently applied is artificial intelligence, which performs a support role via RSs, which are charged with modelling the way in which students learn, and with adapting means and resources to support their learning; it performs a virtual tutor role, the purpose of which is to guide and/or recommend actions that learners should take.

					Learning activities, which are part of course design, generally concern educational resources; these take advantage of the potential of technologies and improve assimilation levels. Among these technologies are augmented reality and computer games, which enable learners to improve their assimilation levels; they make content clear and their multimedia aspect – which students are used to – makes them attractive.

					The relationships established between the components are based on the assumption of ubiquity, and they occur in two respects. The first set of relationships implies that interaction is achieved through resources and learning activities; this, of course, is defined in the instructional design, and it breaks traditional schemata, uses novel didactic strategies and proposes that formal learning should become a way of life wherein informal learning methods are used.

					The second set of relationships is defined by the learner’s interaction with technology. The user’s actions in a VLE are logged and a profile of learning preferences and patterns is developed; this serves as the basis on which certain activity and resource recommendations are made (see Figure 3).

					Three elements typical of every system intervene in this relationship. The first is input, which is formed by the users’ activities in the learning environment; in other words, their preferences and actions are logged, as are the educational materials they use, the learning activities they undertake, the time they spend on them, etc.

					The second is processing, which is executed on input data. Artificial intelligence algorithms map out learning paths based on patterns and preferences; these paths consider the resources and activities that are best suited to the student’s particular learning style; the determination of learning paths, patterns and preferences is dynamic, as it is constructed in a permanent, iterative manner by constantly reading input data, thus enabling the system to evolve and learn.

					The third is the transformation that the VLE undergoes by adapting itself to the students’ needs and styles. This adaptation is directed by the results obtained from processing the learners’ data.

					
						
							Figure 3. Schema of relationships in an RS
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					Conclusions

					It is possible to foresee an imminent future dominated by the inclusion of technological components, wherein two areas stand out. The first is the development of the ubiquity concept, strengthened by the development of mobile technology. This area requires work to be done on developing technologies that take advantage of mobile potential, and on adapting methods to new forms of interaction and learning, creating and experimenting with teaching-learning models not only as technological innovation proposals, but also as alternatives capable of improving the students’ content assimilation levels.

					The second is the automation of teaching in terms of tutoring and student support. Automated teaching systems are being developed and driven by the emergence of MOOCs, the mass access feature of which requires an important contingent of tutors; that need could be met by the development of this technology. For artificial in- telligence, education is a vast field of experimentation, and the first advances can already be seen. The future of VLEs entails intelligent components charged with tutoring and learning personalisation processes. There is an urgent need to experiment with these technologies and to have an effective cross-disciplinary methodological axis that ensures suitable levels of learning.
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