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Supporting Variable Pedagogical Models in Network Based Learning Environments
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ABSTRACT This paper discusses how a variable pedagogical model can be supported in a network based teaching and learning environment. This work is being developed as part of the EU/IST project, CANDLE (Collaborative and Network-based Distributed Learning Environment), developing re-usable network based learning material. Online material for learning takes several forms such as notes pages, interactive demos and tests. Often the author(s) have in mind specific ways of a student using that material; e.g. following a set of notes, then doing a demonstration or test; or that a problem is set and the student searches selected material relevant to solving the task. The way a student is expected to use the material constitutes an explicit or implicit pedagogical model; and it is often hard to re-use material between differing approaches. We describe how to enable the reuse of material to support a variety of pedagogical models. To enable this, a formalism of these models needs to be devised so that the author of the material, the constructor of a course, and a learner, can specify their approach to learning. The material needs to be prepared at fine enough granularity and tagged with metadata. Finally tools need to be built to help construct and navigate courses. This paper presents our approach to these tasks. The work of Tom Reeves is used to provide XML metadata to describe a wide range of pedagogical approaches. We show how this, combined with the CANDLE model including taxonomies and soft and hard ontologies, can be used to solve the above problems.



former group. Those who are professional university lecturers have had to give some thought to how things are taught; and how their normal teaching styles can be translated to network enabled teaching and learning aides. That is, principally, the pedagogical model; and as background the overall engineering of the information model of CANDLE online system. The principle objectives of the CANDLE project are to develop a framework for telematics courseware to be made available, online, from a range of colleges, so that the material can be re-used by people in a variety of contexts. The material was constrained to networks and distributed systems, although there is nothing in the development of the system that constrains the subject matter to this area. The academic level of the material is largely equivalent to UK MSc, 4th year German diploma and similar. This is also compatible with level required by industry for training material. THE CANDLE SYSTEM Figure 1 illustrates the overall CANDLE system. There are three key players: the learner, using the teaching material; the course constructor who uses the teaching material to build courses; and the people who build elements to be used for courses. (



( *) + %



)



INTRODUCTION The work discussed in this paper has been developed in the context of CANDLE (1)(2), a cross European project under the IST (Information Society Technologies (3)) program of the European Commission. The members of this project are largely from technical colleges throughout Europe, specialising in telematics. There are some industrial members – due to industrial interest in continuous training or life long learning. There are also consortium members who are not technical but come from educational theory backgrounds. This combination of educationalists and technologists has meant that each group has had to learn some important concepts; engineering disciples, for the
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Figure 1 - The CANDLE system



The teaching elements (c-content) can be located anywhere on the internet, and are described within the system by eXtensible Markup Language (XML) (4) files in a database. The c-content can either be complete courses (c-courses) or elemental material (c-atoms), e.g. web pages, PDF files, interactive exercises or



audio/video recordings. There is an explicit recursive definition here (a c-course is built of c-contents which can be c-courses). This gives us two levels of reusability. On the one hand c-atoms can be used in a number of courses. Further, a course can be re-used as part of a larger course. The courses are built by searching the database (with XML style queries) to retrieve references to appropriate material. This searching and building may be performed by an individual building a specific course, but it may also be performed by the learning system itself. In CANDLE we anticipate testing automated course construction following two approaches. One approach performs searching with respect to an ontological model. The other searches material by relevance, this giving a structured search space – in contrast to the flat search space normally found in web-based systems. pedagogical framework
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Figure 2 - C-module class relationship diagram (UML)



In this system we thus have three contrasting ways a course may be constructed: a specifically designed sequence of material built by an expert; a general set of material related by a formal relationship model – the ontology – or a more free form search and explore model. Each of these present examples of different approaches to the learning experience; formal or constructivist, structured exploration or free exploration and discovery. By using the recursive nature of the system, courses can be built with a granularity of approaches between these three models; e.g. a guided set of learning material followed by a free exploration. An individual building a course needs to be able to retrieve material regarding some specific subject and also needs to be able to find (or restrict the search to) material which has an appropriate learning model for what s/he is trying to achieve. Thus it is necessary that the database not only contains appropriate taxonomic information regarding the content but has a description of the teaching approach – the pedagogical model – of that content. From this description it can be seen that the design of the CANDLE systems requires a reasonably formal model describing the classes of material contained within it – the project used Unified Modelling Language (UML) (5) notation. Further, the data representing the



content has to be clearly defined so that re-use is possible through both manual or automated search. For this the XML schemas were developed (an example part of the schema is given in Figure 3) which represent an extension of teaching and learning metadata being developed by a number of organisations. The new XML schema specification (6), now nearing acceptance as a W3C recommendation, aims to provide a rich grammatical structure for XML documents that overcomes the limitations of the Data Type Definition (DTD). Metadata The schema provides a data interface model to a database and represents the teaching material available. This is thus metadata about that material. The idea of adding structured metadata to web-based material is the lead idea behind the move to the semantic web being pioneered by the W3C. There are a number of standardisation efforts for a range of metadata models for a wide range of online services. At the root of the meta-document description is the Dublin Core Metadata Element Set (DCMES). This provides the semantic building blocks for describing metadata across multiple disciplines using the same basic 15 element set. Originally conceived as a simple core standard for a common metadata set applicable to any internet based content, Dublin Core (7) evolved beyond its basic roots to capture interest from a wide range of communities and subject experts: not least of all are the communities concerned in developing teaching resources.



Figure 3 - A Segment of metadata schema for taxonomy The key standardisation organisation in this area is the IEEE’s Learning Technology Standards Committee (LTSC) (8). LTSC consists of a number of working groups whose purpose is to develop a set of standards and recommended practices for software components and design methods that facilitate the development, deployment, maintenance and interoperation of computer implementations of education and training



components and systems. The purpose of the Learning Object Metadata (LOM) working group is to specify the syntax and semantics of associated metadata i.e. the attributes required to describe a learning object, digital or non-digital, which can be used or referenced during technology-supported learning. The LOM standard abstract model focuses on the minimal set of properties needed to allow learning objects to be managed, located, and evaluated. The standard accommodates the ability for locally extending the minimal set of properties. Also, a substantial part of the development work on the teaching metadata models is lead by the Instructional Management System (IMS) project. The IMS project (9) originally started out as a US initiative, with the key goal to define the technical specifications for interoperability of applications and services in distributed learning. IMS is also gaining increasing participation from European organisations, largely from the academic community but increasingly from commerce as well. Currently the centre is UK-based and is hosted by the Open University and University of Wales, Bangor on behalf of JISC. CANDLE has extended this model in two key aspects: the support for the taxonomic and the pedagogical models. These two models work together. Specifically, the inclusion of concepts required to handle a variety of ways in which the taxonomic information can be arranged impacts and supports a variety of pedagogical capabilities: in our case, the development of ontological models and clustering structures. The taxonomic model



In this context documents tagged with specific keywords (taxonomy) can be related to each other through the ontologies. This approach facilitates searching of databases of content both for the course constructor and the learner. In the former case an author might start from one point in the ontology and follow the appropriate links to locate material with the relationships required for the course. More importantly for the learner the ontology can be used for navigation and – possibly automated location of content. By following the relationship links, not only similar but appropriately related content can be located. The key question for the ontology approach is: which ontology? There are two problems here. On the one hand different experts in a given field are likely to disagree on the correct ontology (if such a thing actually exists). On the other hand, in strictly artificial fields like engineering or telematics, an ontology can change through time as the fields develop. Thus several ontological frameworks need to be available. Taxa Eng
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Clearly the baseline for the use of this metadata is a classical direct search to locate closest matches. This



A more sophisticated approach, to overcome these problems, is to develop ontologies that define the relationships between the elemental concepts of the content to which the keywords are attached. This is illustrated in Figure 4.
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Part of the role of the metadata, particularly the taxonomy, is to aid in constructing c-courses by facilitating the efficient – or automated – search of the databases. The other key role of this aspect of metadata is to enhance the navigation and exploration performed by the learner. At a base level, the taxonomic information is fundamental. It consists of a set of welldefined keywords, arranged in a standard hierarchical structure. However, neither the keywords alone, nor the hierarchical structure, constitute a complete construction of the meaning of the material to which they are attached; this is because the keywords are intrinsically imprecise (occasionally ambiguous) and are assigned by the authors who may differ in their exact understanding of the terms. Also, the taxonomy does not define the relationships between these terms. Several ways exist of ‘firming up’ the meaning of the keywords.



approach should be available but has several problems in that it presents a relatively flat output of content relationships. That is, the document returned will (should) be similar; but will not have other important relationships. This makes the location of related but dissimilar material difficult for course construction. It also yields a poor exploration space for learners as it would not lead from one set of concepts to another; and so far as it does, it does so haphazardly.
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Figure 4 - Taxonomy (right) and ontology (left)



An ontology is commonly defined as an explicit, formal specification of a shared conceptualisation of an domain of interest. This means that an ontology describes some application-relevant part of the world in a machineunderstandable way. The core “ingredients” of an ontology are its set of concepts, its set of properties, and the relationships between the elements of these two sets. Methodologies that guide the building process of ontologies are proposed by a few research groups. Due to the fact that ontology engineering is still a relatively immature discipline, each research group employs its own methodology. An alternative is to have a process of discovery of the underlying relationships (clusters and links) existing in the content in the database. There are several techniques possible to do this (fuzzy clustering being the one being explored by CANDLE (10)). These techniques use the keywords put in by the authors as only approximate indicators of taxonomic membership of that content. The clustering then groups material into closely related groups and, through common membership, discovers relationships between those groups. This approach acknowledges that the use of keywords (words in any language) is imprecise and takes advantage of the combined knowledge of all the contributors of content (co-operation in knowledge space). To facilitate this, it is helpful to associate a weight with the keywords so that the contributors can associate a degree of relevance of those words to the content. Exactly how extra meaning is given to the teaching content and how the relationships between c-atoms of teaching material are defined depends on the pedagogical model desired by the course constructor. Each of the above approaches is appropriate for different pedagogical models as well as different teaching approaches. For example, a more exploratory approach might take advantage of the clustering ontology to facilitate free exploration. On the other hand, a more directed approach would use the fixed ontologies. Indeed combination of these might be appropriate in many situations. The pedagogical model There is no absolute definition of what a pedagogical model is or should be. What is clear, however, is that teaching and learning approaches have moved away from simply transmitting information from teacher/book to the learner to more diverse approaches. There is a “shift in focus from simply trying to transmit information to a group of individual learners to the process of building a community of learners engaged in the generation and evaluation of knowledge…” (11).



In general, all aspects of a computer or network-based education system feed into the pedagogical model supported. This includes the way the material is navigated, how it is presented, how it is used within a wider teaching enterprise, guidelines provided, etc. The consideration of pedagogical models thus supports the overall design and assessment tasks of the system. Indeed it has been argued that it is very important to concentrate on the overall “quality of the pedagogical design of such systems in order to accomplish the promises of e-learning” (12). A key part of the CANDLE project is the assessment if its use against pedagogical requirements. All aspects of the system and metadata model contribute to the pedagogical experience. To support this in all areas, CANDLE has created a Courseware Reengineering Methodology (CREEM) and will conduct it thorough trails. Although all aspects of the metadata impact, implicitly, on the teaching modes of the system, it is also considered necessary to include information in the metadata which explicitly reflects the perspective of the individual preparing the courses or course material. The need for some form of explicit metadata for pedagogy is most obvious when one considers the various uses of the taxonomic information described earlier. The course material may present the same core material to the student in a wide variety of ways. This gives the teacher a lot of control and versatility as to how s/he supports the students. However, as material in the CANDLE systems can be recombined for use in different courses, it is important that the course constructor can ensure some degree of consistency between the various content elements used. The potential problem can be seen if one considers what might happen if c-content elements built based on a free exploratory – research oriented – model was incorporated into a more linear – training – based course. For this reason, CANDLE has included in the metadata and explicit pedagogical description. Exactly how to do this is quite a difficult design decision. It is necessary that whatever is developed can be used for searching and selection. It should also be sufficiently versatile so that all possibilities can be captured. Indeed as there is no ‘fact of the matter’ as to what a pedagogical anatomy is, the scheme developed has to be able to include many – possibly conflicting – alternatives. For a good example of a high level analysis Greeno et al (13) (see also (12)) suggest three top level streams of instructional theory:



1. Empiricist (behaviourist) – the learner as a predictable system who can just be taught. 2. Rationalist (cognitivist and constructivist) – the learners as individuals with varying prior knowledge and experiences which can/should be used. 3. Pragmatist-sociohistoric (situatioinalist) – knowledge as a community or social factor in which a learner has to start to participate. In practical terms, teaching in the first model may be a linear course, taking the learner along a specific path with deterministic expectations of what is learned. This is appropriate for, for example, fast track training or learning mathematical proofs. This would be supported in the CANDLE systems by building a fixed course. The second case requires the learner to acquire a view of the structure of the system and to build up an understanding of the elements in that system. This might be appropriate, for example, for learning a network or distributed computing architecture and the components within it. This could be supported through the use of the ontology based models. Finally, the third case is very much a ‘learn by doing’ approach in which the learner explores a very loosely structured environment. This would be appropriate for a creative / research based course and could be supported by the cluster based system. The above three streams still leave a lot of room for interpretation and a more formal – if not precisely quantitative, at least parameterisable – model is required to fulfil the requirements of CANDLE. For this reason the use of Pedagogical dimensions, as developed by Reeves (14) has been investigated and developed. The method used consists of a number of pedagogical dimensions, each of which is relevant to varying degrees. These dimensions are represented in Table 1 that was taken from (14). The detailed meaning of the dimensions is in many cases quite a complex issue. The first dimension (Epistemology, from the philosophy of how we learn about the world) captures partially the ideas discussed above for the streams of instruction; whereas the second dimension (Pedagogical Philosophy) captures the resulting approaches to learning (from strictly directed through to participation). But this must be combined with, for example, the fourth dimension (Goal Orientation) to fully capture how strict the learning outcome is supposed to be. Indeed it can be seen that to fully capture a specific attitude or approach the ‘strength’ of several of the dimensions should be combined. Thus it can be seen how this approach can be used to capture, by parameterisation, a variety of pedagogical models and approaches.



It is not yet totally clear how appropriate or usable these dimensions are and this will be the subject of study during the CANDLE trails. One thing that is clear is that normal course authors should not necessarily be asked to set-up these dimensions on a day to day basis! It is anticipated that ‘templates’ will be developed for obvious examples. This will be done in analogy with how people sometimes use word processors – working with templates most of the time and only looking at the details (spacing, point size, kerning etc.) as their expertise and experience becomes sufficient to do so. The expected outcome of these trials will be the understanding of which dimensions are operationally useful and if some information is missing. Table 1 - The Reeves pedagogical dimensions



Dimension Objectvism Instructivist



Epistemology Pedagogical philosophy Behavioural Underlying psychology Sharply-focused Goal orientation Abstract Experiential value Didactic Teacher role Teacher-Proof Program flexibility Errorless Leaning Extrinsic Non-existent



Non-existent Mathemagenic Unsupported Non-existent 0



2



Value of errors Motivation Accommodation of individual differences Learner control User activity Cooperative learning Cultural sensitivity Dimension Scale 4



6



Constructivism Constructivist Cognitive Unfocused Concrete Facilitative Easily Modifiable Learning from Experience Intrinsic Multifaceted



Unrestricted Generative Integral Integral 8



10



The metadata for the pedagogical model defines each of the above dimensions on an allowable scale from 0 to 10. Searching for content with the same or similar dimensions to the course being constructed can be achieved by searching for material with appropriate pedagogical structure. For example, a tolerance of 1 or 2 could be put on all or some of the dimensions to give a similarity match with candidate material.



CONCLUSION The CANDLE project is developing a full networkbased teaching and learning model and environment. This includes not only access to teaching material (indeed, with web tools, this is minimally problematic), but also the guidelines for course creation and use, and a full data model which should allow material put into the system to be re-used in a versatile way by practitioners ranging from research support through to industrial level training. Two major developments in the system have been considered in this paper, both of which are seen as key to supporting a variety of pedagogical approaches. On the one hand there is the versatile taxonomic metadata, capable of supporting flat searches, ontology-based retrieval, and knowledge discovery. On the other hand, there is the classification of pedagogical approaches taken by the course constructor so as to facilitate search and retrieval of appropriately structured content. The formation of the project is interesting due to, amongst other factors, the close collaboration between people who teach and do research in telematics and engineering, with people who do research in educational theory. This is not only an interesting learning experience for all involved, but should also yield a system constructed through detailed consideration of teaching and learning approaches and quality. REFERENCES
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