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1. Context The development of Information and Communication Technologies (ICT) has caused the evolution of all areas of science; in particular, learning is in a process of change. Technological resources now are an integral part of the learning process. ICT has generated diverse paradigms of educative computation such as Computer-Assisted Instruction (CAI), Intelligent Tutorial Systems (ITS), Computer Based Training (CBT), simulations and, more recently, with the generalization of the computer networks, eLearning and Computer Supported Collaborative Learning (CSLC) (Dimitriadis et. al., 2002).



e-Learning has produced flexible education models in which the techniques of teaching and learning are student-centered (Tavangarian et. al., 2004). In these models, the learners play the main role during the process of teaching-learning, because they identify their own learning needs and proposes solutions through individual and group work, whereas the instructor becomes a facilitator or moderator of the activities and the learning environment.



Learning Management Systems (LMS) are main components of the e-Learning systems. This kind of system helps to manage and support activities of the teachinglearning process. Instructors use these systems in order to share the material of their courses, communicate with the students and follow their progress. Students use these systems mainly for collaboration and communication. Some commercial examples of these systems are: Blackboard, WebCT, Desire2Learn, E-ducativa, y LatinCampus. There are also a great number of non commercial LMS such as: Moodle, Segue, Interact, CourseWork, ATutor y Fle3. These learning management systems facilitate the management, creation, distribution and improvement of learning content. The field of Computer-Supported Collaborative Learning studies the use of computing technology in collaborative learning (Koschmann, 1992). Ayala and Yano (1998) define Computer Supported Collaborative Learning as “the use of the computer as a mediational device that helps the learner to communicate and collaborate in joint activities through a network, providing assistance in their coordination and application of knowledge in certain domain”. This area has advocated the systems development for collaborative learning and virtual learning environments. The main idea is to create systems that promote the participation of the learners in knowledge building communities through synchronous and asynchronous collaborative communication and interaction. (Morrison and Dennis, 2005). Examples of these systems are: Metalab
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(Morrison and Dennis, 2005), CoVis (Pea R, 1994), CSILE (Scardamalia et. al. 1994), y KnowledgeTree.



In e-Learning and CSCL there is the necessity to develop technological tools that promote personalized learning. Environments where each user can create and maintain digital learning material that is relevant to him and that fits his own requirements, motivations and abilities.



Digital libraries are technological resources that further the construction of customized knowledge, which “are virtual collaboration spaces that provide means for acquiring, sharing and generating knowledge.”(Sánchez, 2004). Currently, digital libraries have numerous online collections that are rich instructional resources. Use of these collections however, is scarce mainly due the lack of friendly interfaces and customized services that allow users to access these collections. The foremost problem that arises in this kind of spaces is how to produce or generate elements or units of knowledge that can be shared, enriched and reused by a group. These units of knowledge are known as learning objects (LSTC, 2000), and there is a great amount of research about their definition, creation, use and storage. Nevertheless, an aspect of learning objects that has not been addressed with sufficient depth is the participation of the learner or end user during the creation of a learning object and the implications that this participation may have.



2. Definition of the problem Current research about learning objects has been focused mainly on the following issues: Conceptual frameworks. Definition of a learning object (LO), its main attributes or characteristics, LO taxonomies and life cycle. (Ip et. al, 2001; Semmens, 2004; Hodgins, 2004; Wiley, 2000; Dolphin and Miller, 2002; Agostinho et. al, 2004 ; Merrill, 2002 ; McGee, 2003 ; Friesen, 2004; Polsani, 2003; Murphy, 2004; Wagner, 2002). In this regard a general consensus about the learning object definition should be reached in order to establish the required minimum components for multimedia material to be considered a learning object. Size. Establishment of the LO granularity is required to achieving success in its reusability. Granularity in the context of learning object is used to refer to the size of an object. (Collis and Strijker, 2004; Boyle, 2003; Jacobsen,
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2001; Vinha, 2005; Qin and Hernández, 2004; Verbert et. al., 2005; Santacruz, 2004). Then, it is necessary to define the appropriate size of the LO so it can be shared and reused in different contexts of instruction. Description. One of the key issues in using learning objects is their identification by search engines. This is usually facilitated by assigning descriptive metadata to the learning object but there are several standards for the metadata specification. (Farrel et. al, 2004; Brown, 2002; Recker and Walter, 2000; Castro, 2002; Li et. al, 2005; Or-Bach, 2005; Saddik et al, 2000). So, it is necessary to establish a metadata standard for consistently describing learning object characteristics. Storage. How are current LO repositories organized, managed, and accessed? (Soto et. al., 2006; González, 2003; Neven and Duval, 2002; Friesen, 2001; Hatala et. al., 2004; Abernethy et. al., 2005; Dhraief et. al., 2004). A number of repositories have been created with the intention of providing LOs that are reusable, however one of the main issues in creating a networked system of repositories is how to achieve the interoperability between these repositories. Design. Guidelines for the design and tools to create LOs (Smith, 2004; Kotzinos, 2005; Brady, Conlan and Wade, 2005; Chalk et. al., 2003). Although there are tools to assist instructors and learner in selecting and creating learning objects without requiring specialized skills in instructional design and programming, it is necessary to establish guides to produce learning objects through a systematic process. A characteristic shared by most LOs projects is that the creation of learning objects is based on the curricula of specific courses; that is, learning objects are generated to "cover" concrete objectives of the unit or subject, have a specific functionality, and are reusable in other courses only if they share objectives or a similar design of the curricula.



Another common characteristic on these projects is that generally the author and administrator of the learning objects is the instructor or the designer but not the learner. Then, the instructor specifies the content of the learning objects, based on some specific set of prerequisities and an assumed set of learning objectives and the learner finds himself restricted to access learning objects created for specific goals. Furthermore, different interests, knowledge, and learning styles of particular students
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are not taken into account during the creation of these objects. Therefore, the material selected by the instructor could not be useful or interesting for some students.



Bannan-Ritland and Gibbons suggest that if the learner acquires an author´s role during LO generation, learning will be more significant and the learning object will turn into a fundamental element of the learning process in virtual environments. In this sense there are several projects that suggest a more active participation of the learner during the learning process through self-learning (Magenheim and Scheel, 2004), with a major student interaction with the system (Ford, 2004); Chalk et. al., 2003; Li et. al., 2003) or creating flexible and customizable systems that meet to needs of individual students and as well as groups (Gunawardena and Adamchik, 2003; Yang and Yang, 2005). The main idea of this research is based on the possibility of students being able to adapt technology-based multimedia resources according to their own needs and learning styles, providing, in that way, a flexible and customized education. In order to achieve this change in the student role, it is necessary to develop a model for generating flexible, adaptable, open and personalized learning objects based on digital material that is contained in a specific digital library.



Learning objects will need to be conceptualized, designed, constructed, selected and used quickly and easily (Hodgins, 2004). The LO systems should have two major functions: The creation of content in a form that is amenable to customization, and the creation of a technical infrastructure and mechanisms to deliver the customizable content as required by the learners. This implies that each student can create his own knowledge network according to his needs, interests and experiences. The main premise of this research is to demonstrate that the student has learned or acquired new knowledge when he, in addition to adopting it, is able to teach the concept and share it through the creation of his own learning object, which represents this knowledge.



In summary, this project proposes a model for the generation of learning objects from digital collections. These objects will be incorporated into virtual learning environments to promote significant and collaborative learning among academic groups.
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This project is important for the CSCL area because it will investigate general mechanisms for using ICTs to promote a change in the student´s role during the learning process in virtual environments, by facilitating the active participation of the student when generating learning objects. This participation of the learner will achieve a learning richer in experiences and also more significant. Another benefit derived from this work, is the possibility of sharing these objects with other students whose interests and/or needs are similar, creating learning communities.



The creation of learning object repositories from digital collections will allow learners to exploit multimedia elements that are stored by digital libraries.



Finally, instances of the model will be useful, becoming a study platform for online courses.



3. Research question Is it feasible to develop systems that allow students to build their own learning objects from digital collections?



4. Hypothesis As mentioned earlier there are projects focused to develop learning environments that promote the participation of the learner during the learning process in various ways. So this proposal tries to include the common features that these projects present and to suggest a model in which the learner acquires an author´s role during LO generation.



The hypothesis of this proposal is that it is possible to develop work environments to facilitate the conceptualization and construction of learning objects by the student.



5. Objectives 5.1 General Objective To define a model that allow learners to generate flexible, adaptable, open and personalized learning objects from digital collections.
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5.2 Specific Objectives 



To establish mechanisms for the design and generation of LOs from digital collections.







To determine rules or criteria for building LOs.







To provide a formal definition of the model´s components.







To define the rules for the description of LOs through metadata.







To develop a prototype for building LOs that promotes and allows the active participation of the learner during the creation of LO.



6. Methodology This research will address two major aspects of the learning objects: (1) the extraction, filtration and transformation of the information stored in specific digital libraries into learning objects, and (2) the construction of a LO model and its incorporation into a tool for developing learning objects by the learners. This is a novel model because it promotes personalized learning and proposes to obtain learning objects from digital collections. This research will be approached from an inductive perspective. Next, is the sequence of the phases that will be followed during this research:



1.- Reviewing of state-of-the-art research in areas like CSCL, e-learning, digital libraries and learning objects. 2.- Establishing necessary rules or criteria for the construction of LOs from digital collections. 3.- Defining a conceptual model to represent and to generate the LOs. 4.- Establishing an annotation or graphical representation in order to describe the learning objects and their interrelations. 5.- Verifying if the existing LO systems adjust to the proposed model. If the systems do not adjust to the model , this will be redefined. 6.- Designing the architecture of a learning object generator system based on this model. 7.- Developing a prototype to verify the technical feasibility of the proposal. 8.- Testing the prototype in pilot courses, for the validation of the model and for the generation and categorization of LOs The following technological aspects will be studied:  The architectures of learning systems
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 The specifications and standards to model resources and learning systems  The systems dedicated to the administration of learning resources  The languages for the structuring of data based on the Web. And the following aspects about the learning objects will be reviewed with further detail:  Definitions  Components  Main characteristics  Taxonomies  Life cycle  Metadata, standards and specifications for development  Repositories  Tools for creation  Instructional design



7. Related Research Two contemporary areas converge mainly in this investigation: computer-supported collaborative learning (CSCL) and learning objects. The state of the art of each of these areas is reviewed next.



7.1 Computer Supported Collaborative Learning 7.1.1 Collaborative Learning, CSCL and CSCW Collaborative Learning (CL) is defined as the mutual commitment established among students working together in small and heterogeneous groups for achieving a common academic goal. Learning in collaborative environments seeks to favor spaces in which the development of individual and group skills is promoted as from discussion between students at the moment of exploring new concepts, being each student responsible for his own learning and the learning of the other members of the group. CSCL has grown as a research field inside CSCW. Differences between CSCW and CSCL are the following ones: CSCW tends to focus on communication techniques, and CSCL focuses on what is being communicated. The purpose of CSCW is to facilitate group communication and productivity, and the purpose of CSCL is to effectively support group learning of students. Many theories sustain CSCL. There are sociocultural theories, constructivist theories, self-regulated learning, cognitive learning and
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distributed cognition. These theories assume that individuals are active agents searching and building knowledge inside a significant context. Currently, several CSCL systems illustrate the use of technology for achieving collaborative learning. Specifically in e-Learning these systems are very useful because they allow students participating in on-line courses to collaborate and interact for fulfilling the course’s objectives without getting together at a same time and in a same place, eliminating in this way distance and space barriers.



7.1.2 Collaborative Learning Environments Computer assisted collaborative learning environments encourage the students’ skills for



participating



in



building



knowledge



communities



through



collaborative



communication and both synchronous and asynchronous interaction. Among researches made on collaborative learning environments we can mention the following ones: Collaborative Notebook (Edelson et. al. 1995), DeskTOP (Portugal, Guerrero and Fuller, 2005), EGA (Pérez, 2000), Espacios de Aprendizaje Altamente Interactivos (Ostróvskaya et. al. 2004) and KIE (Bell et. al. 1995).



7.1.3 Learning Management Systems (LMS) LMS provides an integrated platform for executing, administrating, distributing and controlling present or distance education teaching-learning activities of an organization. It allows access to a range of users that can be students, creators of contents and administrators. The main functions of LMS are: managing users as well as education resources and activities, administrating access to the system, controlling and following up the learning process, making evaluations, generating reports, administrating communication services such as discussion forums and e-mail, among others (Tortora et. al. 2005). Although traditional commercial LMS such as Blackboard and WebCT provide a frame of basic work of interactivity between instructors and students, they are systems with a low adaptability to the students’ needs. They are not capable of redirecting the learning route of the student through pre-evaluations and by the student’s own choice. They are static learning systems. However, there are non-commercial LMS projects that are more flexible and adaptive. Some of these projects are listed below:
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Moodle, ELM-ART. (Brusilovsky et. al.



1996), LMS Flexible (Darbhamulla and



Lawhead 2004), MOOVEE (Tórtora et. al. 2002), ILL (Magenheim and Scheel, 2004) and InterBook.



7.2 Learning Objects 7.2.1 What is a Learning Object? The term “Learning Object (OA)” was popularized by Wayne Hodgins in 1994, when he named the CedMA work group as “Learning Architectures, APIs and Learning Objects” (Polsani, 2003). The concept of learning object has been central to many discussions, projects and funding priorities of both public and private educational organizations, and to date there is no general consensus that clarifies what a learning object is. The IEEE, for example, defines the learning object as “any digital or non-digital entity that can be used, reused or referenced during the learning supported by technology” (LTSC 2000). This definition according to Wiley (2000) is too broad. He defines the learning object as “any digital resource that can be reused as support for learning.” The use of terms such as “any” and “resource” still keep the definition open. Wiley considers this an important quality, since it allows considering things of very diverse size and function as resource. If any digital resource is an object, then a picture, a note, a question could be considered learning objects. Polsani considers this scope of objects excessive and he reduces them to those that, being digital, have the purpose of contributing intentionally to learning, for which they require to incorporate two fundamental components: A digital format that helps learning, and a reasoning or explanation through the interface that helps to assimilate appropriately what has to be learned. Polsani defines then the learning object as an independent unit of learning content predisposed to reuse in multiple instructional contexts. Another definition by Sicilia and Garcia (2004) views learning objects as digital units of independent didactic contents, which can be used in multiple educational contexts, and which are associated to descriptions (metadata) regarding how to use them in these contexts. There is another definition referring to small independent learning structures including an objective, activity and evaluation process (L`Allier, 1998).
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David Merrill (2002) defines learning object as “a way to organize a data base (knowledge base) of content resources (text, audio, video, and graphics) so that a given instructional algorithm (predesigned instructional strategy) can be used to teach a variety of different contents.” Other definitions can be found in (Murphy, 2004; Shepherd, 2000; Friesen, 2004; Gibbons et al, 2002; Agostinho et al, 2004; Ip. et al, 2001; Magenheim and Scheel, 2004; Ford, 2004; Gunawardena and Adamchik, 2003; Yang and Yang, 2005). For the purpose of this research, the following definition is proposed: a learning object is an interactive digital informative entity created for generating significant knowledge in the user and which can be adaptable and reusable in different contexts. This definition is relevant because it suggests the active participation of the learners during the learning process through the interaction with the learning object in order to achieve significant knowledge according with their needs, interests and experiences. In addition to the diverse definitions, different synonyms are used for referring to “learning objects”: instructional objects, educational objects, intelligent objects, knowledge objects, instruction components, on-line learning materials, pedagogical document, educational software component, resource.(Gibbons et. al., 2002; Agostinho et. al, 2004).



7.2.2 Fundamental characteristics of Learning Objects Numerous attributes of learning objects have been discussed in the literature including “durability, interoperability, accessibility, reusability, extensibility, productivity and manageability” ” (Murphy, 2004). Chan (2002) mentions that the main characteristics of learning objects are: reusability, independence of instructional strategy, articulated in their interior and oriented to a competence. Wiley (2000) refers to learning objects having the potential of reusability, granularity, interoperability and scalability. The most mentioned features in this literature will be explained in detail: 1) Granularity. Learning objects are defined as fine units or “grains”, which can be combined or added in several ways. 2) Platform independence. The learning object should be independent of both the delivery media and knowledge management systems. 3) Accessibility. The learning object should be labeled with metadata identifying it in a database.
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4) Reusability. Once it is created, a learning object should function in different instruction contexts. In order to achieve genuine reusability, the development and operation of learning objects should be considered as mutually exclusive processes. 5) Scalability. A scalable module is the one that can be easily adapted for its use in groups of different sizes.



7.2.3 Function and benefits of Learning Objects The function of learning objects is to facilitate reutilization, distribution and personalization of education contents in Internet, where the definition of international standards plays and important role for its extended use in multiplatform environments. The benefits brought by learning objects to actors of the learning process are various; the following are among the most important ones (Shepherd, 2000): a) For students Personalization, i.e. courses can be built to be adjusted to individual requirements. Learning comes in digestible chunks. Learning is available just in time. b) For administrators Courses can be adjusted to satisfy the needs of different audiences. Courses can be built using components from a wide range of sources. Components can be reused for adjusting to a range of learning needs. c) For developers Objects can be built or changed using different authoring tools. The same objects can be used through a variety of software and hardware platforms.



7.2.4 Taxonomies of Learning Objects. All learning objects have certain qualities, the difference lies on the degree in which each object shows these qualities, and this makes a learning object type different from other one. Several authors propose different types of objects. Wiley (2002) differentiates between five types of learning objects: fundamental, combined-closed, combined-open, generative-presentation and generative-instructional.



Merrill (2002) classifies them in a progressive way: media objects, informative objects, learning objects, courses and collections. Dolphin and Miller (2002) classify them in
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generative, connective and adaptive. Magenheim and Scheel (2004) define 2 types of objects: open and closed. Other authors such as Yang and Yang (2005) divide them in three types: Root Objects representing learning materials, Node Objects representing categories, chapters and/or sections of the learning material, and Sheet Objects representing the current knowledge description.



7.2.5 Metadata Metadata are descriptive labels used for cataloguing education materials with the purpose of facilitating their tracking and use, because they incorporate requirements of materials and the description of the way they can be implemented. Metadata are used for:  Storing descriptive words that are relevant for people using free text search.  Storing information on the developer.  Storing information on product status or any restriction of use.  Mapping learning contents in curricular topics. Several tools for creating metadata can be found in the literature, such as: Smart Multimedia Learning Objects (Saddik et. al. 2000); MAGIC (Li et. al. 2005); ALOHA , ALOHA2 and RELOAD.



7.2.6 Standards and specifications for developing Learning Objects There are many initiatives providing guidelines and standards for describing learning objects through metadata. The need of reusing materials in different platforms and types of students has caused the creation of standards allowing the documentation, search and distribution of education contents that are generated. Among the most important standards are: IMS developed by the Global Learning Consortium Inc., Sharable Content Object Reference Model (SCORM) developed by Advanced Distributed Learning Initiative, and IEEE Learning Object Metadata (LOM) standard. Metadata technology is not applicable only to the education context. There are other areas in which it has been used, such as in bibliographic description, e-commerce, geospace data description. The idea is to define what metadata or elements of the standard will be used for the learning objects development.
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7.2.7 Repositories of Learning Objects Repositories are collections of accessible resources through a digital network. They can include resources, metadata describing such resources, or both. Many authors suggest that the idea of repository is intrinsic to Los because it is not possible thinking of learning objects if they are not accessible in repositories.



Repositories of objects emerge from the need of sharing objects coming from several sources and organizing their storage in a way to increase the power of their reutilization. As isolated objects they do not have any relevance or real significance. Objects are of diverse kind and, on the other hand, search criteria should consider more than titles, authors or key words. The type of components accommodated in a repository, which should have their own identities and therefore should be reachable, are so varied as graphics, images, texts, applets, videos, documents and integration of them as chapters of a course or even complete courses. Large repositories are distributed and the current trend is oriented to create enormous nets of local repositories. Examples of repositories of learning objects include the following: Wisconsin-Online Resource Center, Iconex, CLOE, Centre for International Education, EduSource, University of Texas at San Antonio, ARIADNE, SMETE and HEAL.



7.2.8 The importance of Instructional Design Instructional design theories are design-oriented; they describe instruction methods and situations in which these methods should be used. An instructional context defines a relationship between resources, and defines the way in which these are presented (sequence) to the student. An instructional context can define the role that a given resource plays on a learning scenario. In order an object is used in learning, it should be used in a specific way. Instructional design is important in developing learning objects because it permits defining education objectives for which such objects are created, and in addition to it considers different ways of presenting LOs and different uses of such materials having as purpose fomenting learning (Gibbons 2002).



7.2.9 Tools for generating Learning Objects. There are several efforts that provide guides and tools to develop learning objects, some of them with a traditional perspective where the author and administrator of the
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learning objects is the instructor or the designer, others with a learner-centered perspective. Some of these projects are listed below: Customized Learning Object (CLO) Object Generator



(Gunawardena y Adamchilk 2003), Learning



(Ford 2004), Open Learning Objects (OLOs) (Li et al. 2003),



IDXelerator (Bannan-Ritland et al 2000), Fountain (Bannan-Ritland et al 2000) and the Project NCEC (Yang y Yang 2005). A comparative table of these systems is presented: IDXelerator



Fountain



Customized



Open



Learning



Development



Learning Object



Learning



Object



Object



Generator



Tool Uses



YES



YES



YES



YES



YES



Defines a LO YES



YES



YES



NO



NO



YES



YES



YES



YES



YES



YES



YES



YES



YES



NO



YES



YES



NO



NO



NO



NO



YES



YES



YES



YES



Instructional design



taxonomy Uses



LO YES



repository or database Has levels of YES granularity Allows levels NO control for the learner Allows



the NO



learner create his own LO Uses standard



a NO for



metadata definition Table 1. Comparative table of LO development tools. Table 1 shows that some systems allow more active participation of the learner during the learning process through certain levels of control on the learning path, however these systems do not promote the author´s role by the learner during LO generation.
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8 Conclusions The study of the learning objects represents a challenge due to the diversity of concepts, theories and issues that exist around them. One of the most important issues of learning objects systems is how to author LOs. In order to achieve a significant knowledge by learners, it is necessary for them to acquires an author´s role during LO generation. The development of a model for generating personalized learning objects is proposed in order to explore how students can manage their own learning according to their needs and learning styles. Another relevant aspect for this research is how to transform the information stored in specific digital libraries into learning objects, so it is necessary to establish criteria for the selection of this material.



9 Schedule of activities Topic State-of-art



Dates Aug 2005 Jan 2006



Formal Proposal Thesis Definition of the conceptual model Verification of the correctness of the model Designing of a architecture based on this model



Feb 2006 July 2006 Aug 2006Dec 2006 Jan 2007 Feb 2007 March 2007



- May 2007 Jun 2007 Dec 2007



Developing of a prototype Testing of the prototype to validate the model



Jan 2008 July 2008
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