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1  About the Learning Federation
The Learning Federation was formed in 2001 as a partnership among industry, academia, and private foundations to stimulate research and development in learning science and technology.  The Learning Federation developed the Learning Science and Technology R&D Roadmap with the goal of providing a vision of where we can go with adequate investment in learning science and technology R&D and a detailed research plan to achieve that vision. Our goal is to catalyze a partnership joining companies, universities, government agencies and private foundations to execute the research plan and make possible radically improved approaches to teaching and learning enabled by information technology.

The Learning Federation is led by a Steering Committee of national leaders in learning science and information technology to provide advice and guidance, review and endorse the research plan described in the Roadmap, and act as advocates on its behalf. In addition, more than 70 leading researchers from industry, academia, and government donated time and labor to help us develop the Roadmap through their participation in focused workshops, interviews, and preparation of technical plans.

The Learning Science and Technology R&D Roadmap is comprised of a series of five component roadmaps, focusing on the following topics:
· Instructional Design: Using Simulations and Games in Learning 
· Question Generation and Answering Systems 
· User Modeling and Assessment
· Building Simulations and Exploration Environments
· Integration Tools for Building and Maintaining Advanced Learning Systems
The roadmaps provide an assessment of the R&D needs, identify key research questions and technical requirements, and detail the chronology of the R&D activities over the next five to ten years. Each roadmap also articulates long-term goals and shorter-term benchmarks. Collectively, by articulating a vision of next-generation learning systems, these roadmaps provide a comprehensive strategic view of the field, which can guide researchers, industry, and funding agencies as they enable continued innovation in educational technology.

The R&D roadmaps are constructed to support both basic research and highly applied efforts to build tools, design software, and develop courses using the products of this research. The research plan is crafted to ensure that supported research will generate a continuous flow of carefully evaluated instructional components, instructional strategies, and tools adaptable to multiple contexts, including university and corporate learning. The tools developed will enable increases in scale that will make these capabilities readily affordable to all. In turn, affordability will permit routine use of new tools in schools, colleges, workplaces, and homes.

The reader is encouraged to read the Roadmap Executive Summary which summarizes the component roadmaps and describes a research plan to manage the R&D described in the roadmap. The Executive Summary and the component roadmaps are available at www.FAS.org.

2  About this Roadmap

The purpose of this document is to present a 10-year roadmap for research and development on technology-enabled learner modeling and assessment. The ultimate goal is to harness the power of Internet and Web technologies to automate and integrate best practices in education into technology-enabled learning systems.  

3  Introduction

Over the past several decades, the evolution of learning content development tools has been severely hampered by the fact that most tools were tied directly to proprietary delivery systems that changed and evolved frequently.  Most tools were built on top of runtime delivery engines that translated the author’s intent into low-level machine instructions.  Nearly all popular authoring environments were built to run on their own low-level runtime engine.  Vendors of such tools were decidedly uninterested in opening up their low level infrastructures since their continuing income depended on the lock-in of their customers to their tools.  The business model of the 80’s and 90’s was for toolmakers to seek market share at the expense of their competitors and to evolve ever more feature-laden products tied to their runtime system.

Among the consequences of the past environment is that tools tended to incrementally evolve from earlier designs, concepts and constructs.  The market tended to limit radical departures from older authoring paradigms.  Without a common open infrastructure, innovation was difficult or impossible to successfully introduce on a widespread basis.  The continuing evolution of computers and operating systems, which required frequent reengineering of products, further limited the development of new tool concepts.  Finally, the size of the learning content tools market has been comparatively small, consisting mostly of industrial and military training communities.  Due to the costs and complexity surrounding the creation of effective learning content, it has been out of reach for a broader community of educators and trainers. 

A major challenge is the development of a stable delivery platform that can scale broadly and be incrementally built upon.  Tools that are intuitive, non-technical to the user, and robust will take research, experimentation, and time to develop.  If the underlying infrastructure continues to rapidly change, tools evolution will continue to be modest.  Stabilization of underlying infrastructure standards will probably be key to the development of next generation eLearning tools, even though some would argue that locking into technical standards too early stifles innovation.  While standards can be confining, few could argue the success of the Internet and the World Wide Web which exists precisely because of open standards.  Large scale access to learning content requires an infrastructure that interoperates.  Tools for the development of advanced capabilities must be built on a common infrastructure to produce deliverable results.  

Another challenge is striking the balance between ease of use and robustness.   The most effective learning environments may continue to be the most difficult and expensive to develop and therefore, of limited use.  It may also turn out that search-based “just in time” instructional material that is very simple to construct, store, find, and deliver becomes the mainstay of distributed learning.  The research discussed in this paper is expected to address both possibilities.
3.1 Approaches to Technology-Enabled Learning
The need to balance ease of use and robustness will vary, depending on the emphasis of the tool development. For instance, there are a variety of approaches to eLearning that can have a dramatic impact on the kinds of tools that should be developed and their functionality.  Instructional content may be developed in an environment that is faculty centric, high stakes certification, or system directed.  Each of these is discussed briefly in the following paragraphs.
3.1.1 Faculty Centric Approach
The faculty centric approach extends the traditional classroom model of teaching to a distributed environment where courses are scheduled and students are registered and assigned to a teacher. Often these systems tie to the teaching institution’s administration systems for grade reporting, registration, and etc.

In the basic or simplest of the faculty centric approach, on-line learning serves only as a communications vehicle for assignments, notices, deadlines, and questions.  No learning content is conveyed on-line.  Learning content is either hard copy sent via mail or via live video teleconferencing (e.g., CMU’s use of Blackboard in their “distributed” MBA program).  These programs do not scale well since they are a direct extension of traditional classroom learning.

The intermediate level of the faculty centric approach enables teachers to upload support content such as slides, text articles, or other reference materials relevant to the course.  Typically, these materials are chosen by the teacher in the context of a given course and are ancillary to face-to-face lectures (local or remote).  The sequence of content delivery is determined solely by the teacher and is not automated.  Some on-line assessments may be provided, mostly in the form of assignments sent to the teacher for grading. (Typical usage: Higher Education using WebCT or Blackboard – e.g., MIT). These methods scale somewhat better than the basic model, but only slightly, since there still are a finite number of students a teacher can track.  They can, however, reduce real-time lecturing.

The more advanced level of the faculty centric approach makes use of larger scale network technology with pre-structured presentations of content online. The presentations are usually in a hierarchical form intended to be experienced more or less in a linear path, but also with self-direction enabled.  Students still register and join classes under a teacher who takes a more passive role than in the basic model, but who is available for questions, review/grading of assignments, and etc.  This model often includes collaborative chat rooms for class members to encourage interactions and group learning.  In this case, content is pre-prepared, structured, vetted, and then delivered on-line. The teacher’s role is less directive and more supportive.  Teachers in this model may be physically distributed and do not have to manage the content construction or delivery which leaves more time to manage more students. This model can scale better (Examples: University of Phoenix, Open University).
3.1.2 High Stakes Assessment Oriented Certification Model 

The certification model focuses on comprehensive assessment of a knowledge domain independent from the learning content delivery methods.  The assessments are usually “norm based,” and are disconnected from learning content.  Assessments are often proctored if they are especially important.  On-line certification assessments are often based on well-defined question/domain taxonomies comprised of item banks.  The assessment items are administered through server-based assessment engines to client-based rendering engines.  Results are returned to the assessment engine and forwarded to the accrediting organization (or system).  Learning content is offered separately through some kind of classroom training, non-interactive self-directed web content, or physical documents and books.  The relationship of learning content and what is being assessed is often not defined.  It is often assumed that the learner is highly motivated and therefore self-directed (Examples: Microsoft certification programs).
3.1.3 System [LMS] Directed Learning

With its roots in desktop and LAN-based computer based training systems, the System Directed Learning model assumes the presence of a suite of services that automatically delivers learning content, tracks the learner’s progress and mastery through assessment reporting, and modifies the sequence of content according to the learner’s state.  In this model, learning content and strategy for delivering it to the learner is intentionally designed ahead of time for later automatic delivery over the Web.  Assessments are often tightly bound to local content to determine mastery (e.g., pre- and post assessments).  Such systems are capable of scaling to serve large numbers of distributed learners.  There is often no teacher/monitor in the loop (Examples: Users of SCORM based LMSs such as Click2Learn’s Aspen, Pathlore, and etc.).
Intelligent Tutoring Systems:  Vary in approach and complexity, but many have a structured representation of a specific knowledge domain, some kind of a model of the learner, and inference rules that can reason about both models and generate a learning strategy in some reasoned way.  Some systems employ mixed initiative dialog with the learner.  Others model simulations of the subject being taught and monitor student progress.  Generally speaking, ITSs are model-based with rules that act on the states of the models as opposed to a relatively static presentation of knowledge content via text or multimedia.
Simulation:  There is a wide spectrum of simulation types.  Unfortunately, they are rarely differentiated in the context of eLearning, which confuses the discussion about how to integrate simulation with learning content.  Also, there are no conventional (standard) ways to represent simulation states as mastery states.  The following are a few examples of they many kinds of simulations in use today.

Low Level: At one end of the spectrum are simple, usually stand-alone, simulation objects that may be embedded within other content for contextualization.  These might be simple but “smart” graphic objects that can represent a working model of some process, algorithm, behavior, and etc.  Usually, these types of simulations have learner- (or context-) supplied data and some form of learner interaction to observe results.  Such simulations are usually scaffolded with contextually relevant content.  They are created many different ways, often in such languages as Flash, Java, Visual Basic, and etc.

System Simulators:  These are simulations of semi-complex systems such as airplane subsystems, ecological systems, networks, or other components that can be connected together and interact.  Various nodes simulate real world behaviors.  For example, the learner may change the external states of switches or settings, and observe and measure the results.  These types of simulations tend to be medium-sized applications that learners enter and leave, and are not (yet) typically embedded in an eLearning environment.  Instead, the learner usually pauses (exits) the learning environment, and enters a system simulator.  

Scenario Simulators:  This broad category includes models of situations, environments, or “worlds” where the learner is placed in a context and then interacts with its components and players.  Learning, if it occurs, is often by trial and error, and the learner is usually not directed or scaffolded.  Often mastery takes the form of completing a high-level objective (e.g., survival, landing safely, and etc.) without regard to imparting knowledge of the underlying skill.  Simulations of these kinds are often in the form of games.  The real-world fidelity varies considerably in this category.

Multi-Player: Multiplayer simulations extend scenario simulations to a distributed audience, adding team knowledge/skills to the equation, as well as heightened realism.  In these cases, players can learn from one another as well as through trial and error.  

Electronic Performance Support Systems [EPSS] provide an environment to directly support specific procedures, maintenance, and diagnostic processes.  They can include diagnostic analysis based on data, they can employ rules to navigate diagnostic trees, and they can retrieve relevant documentation and procedures.  Sometimes viewed as “just in time” learning, such systems are actually intended to reduce what must be learned (and memorized) because a reference (like a telephone book) is only used when the need arises.  Integrating EPSS with learning systems has been discussed for years, but little has been done to formalize it since the ISD and performance support communities are often separate.
This rest of this paper will focus on system directed learning environments, a highly scaleable and particularly promising application of advanced learning systems.

System Directed Learning (SDL):  Tools are required for a variety of technology-based learning environments.  This group of research activities focuses principally on so-called “system directed learning” environments since there are existing and emerging technology and standards, defined user requirements, but a critical lack of good, useful development tools.  It is expected that tool research for this type of learning environment can be coupled with and extend to other research areas such as assessment, performance support, learner profiles, intelligent tutoring, collaboration, and etc.  

Recent SDL systems assume that instructional material is developed as relatively small content objects that may be re-contextualized in multiple applications.  These content objects may be scaffolded with context specific objects to meet specific learning objectives.  Instructional designers determine what content objects are to be clustered and the order they are to be delivered to the learner. 

SDL systems typically keep track of learner progress and mastery, as well as other information, as the learner moves through a course of instruction.  These data are used by the technology delivery system to evaluate rules (e.g., “skip if mastered”), report overall scores, and report information about the learner (e.g., “name”).

Authoring content for SDL systems requires two separate but related activities.  The first is content creation – the development of instructional material into content objects.  The second is the authoring of the organization of the content objects into specific instructional strategies (aggregation of content).  Recent specifications and standards have defined standard ways of expressing such aggregations so that they may be exported from one system to another.  Since these specifications are quite new, tools for creating and editing aggregation designs are still primitive and difficult to use.

4  Research Topics and Tasks
As specifications and standards have developed to support web-based technology delivery systems, the means for creating and delivering interoperable and robust instructional content have emerged.  However, these specifications have defined a technically complex infrastructure that is unfriendly to instructional designers.  A variety of development and integration tools are required to bridge the gap between the complexity of web-based technology delivery systems and the instructional design community. Figure 1 shows where we currently are in the learning tool evolution. 
Figure 1: Learning Tool Evolution

[image: image1.emf]Learning Tool Evolution

Where Tools Are Now

Where We Need Them To Be

Technology 

Oriented

Instructional

Design Oriented


The Integration Tools Roadmap is organized into 4 different areas that collectively should help in the integration of tools that build and maintain advanced learning systems. Associated with each topic will be a set of tasks that need to be accomplished. The milestones for each task are projected for the next 3, 5, and 10 years. Research is needed in the following areas:
· An Architecture for integrating disparate creation and delivery tools

· Content Object Development, or tools for the creation of content objects from various assets

· Content Object Aggregation, or tools for the creation of compound learning objects of various types

· Metadata, or the creation and application of learning metadata

4.1 Tool Architecture 

Although there have been a number of important technical advances in content format, structure, and delivery, little work has been done to understand the flow and interchange requirements from an instructional design perspective.  As a result, today’s tools are mostly tacked onto delivery systems or ad hoc utilities that enable only one aspect of content development.  Courses of instruction must today be essentially hand crafted and then packaged and exported to larger systems that can deliver them.  The cycle of build-test-modify-repeat is cumbersome, complex, costly, and off-putting to developers. It stifles innovation that might otherwise occur in content design.

The steps between content creation and deployment must be dramatically reduced and simplified.  This suggests the need to look at the entire development process from an architectural perspective to determine workflow and interchange requirements.  Tools are required at a variety of abstraction levels yet need to seamlessly exchange information, structure, logic, content, and rules during the development process.  A defined environment is needed that allows content to be developed and tested with few intermediate steps.  

The development of a tools architecture that enables a variety of development work models and services would permit the parallel development of tools and services that could hide the underlying complexity and provide a more seamless development environment.  Such an architecture might examine key interchange formats and protocols that could be implemented by sophisticated tools along the full spectrum development of activities.

Existing and emerging interchange protocols, formats, and services need to be examined that relate to the entire process of content development through deployment.  Interfaces to other services such as authentication, learner profiles, and assessment need to be identified and rationalized.  Experiments that demonstrate the interoperation of different levels of development are needed.

Table 1 presents the tasks for developing an architecture to integrate creation and delivery tools Two research priorities are identified:  

1. Development Model:  Examine the full spectrum of instructional content development and determine workflow and common interchange formats.  Develop an extensible model for how tools and services might interconnect and self-discover. 

2. Enabling Formats and Standards:  Examine current and emerging specifications for content and service interchange and communication.  Determine which of these are relevant to tools evolution, and which need further definition. 

Table 1:  A Model for Integrating Creation and Delivery Tools
	Tasks
	Milestones
	Measures
	Needed Expertise

	
	3-years
	5-years
	10-years
	
	

	Development model
	Development of high level workflow model for instructional design
Initial mapping to existing and emerging infrastructures
	Development of tool implementation guidance and enablers
	Definition of an open “plug and play” environment for content development and deployment
	Tools designed and built in parallel and in tiers based on common structures and formats
	Instructional Design
Cognitive Science
Computer and Network Science and Engineering

	Enabling formats and standards
	Determine key formats and standards for tool development
Demonstrate standards-based tool development
	Design and build middle to upper tier tools based on emerging instructional interchange formats
	Define large scale eLearning delivery “platform” in terms of specifications and practices
	Broad and parallel development of standards-based tools
	Instructional Design

Cognitive Science
Engineering




4.2 Content Object Aggregation
Content development is the deliberate process of creating and organizing a variety of digital assets such as text, graphics, pictures, illustrations, and etc., into a form that can be electronically delivered to a learner.  Content objects vary in size and complexity, but often address a single idea, subject, or learning objective.  Content is developed using a variety of “markup” languages such as HTML and XML variations as well as programming languages or scripts like JavaScript, Java, Visual Basic, and etc.  Authoring tools currently available for content creation such as Authorware (Macromedia) or ToolBook (Click2Learn) provide a user interface “front end” that attempts to hide the complexity of the underlying content representations using interactive graphics-based flow charts and icons.  Nearly all current tools require the author to be familiar with the underlying representation to some degree and direct code manipulation is frequently needed to obtain the desired result.

Figure 2: Shareable Content Objects

[image: image2.png]



Shareable Content Objects are collections of assets “glued” together with interactivity and tracking of the learner (e.g., score, completion status, time elapsed, etc.)

Over the years, software engineers who are familiar with the underlying interactive media capabilities of computers have created content authoring tools.  Understandably, many of these engineers know little about instructional design strategies, terminology, or models.  As a result, their tools tend be complex and “techie.”  As a result, teams of people usually develop content. These teams have differing skills, such as an instructional designer, a software engineer or technically facile tool user, a graphic artist, and a subject expert.  Such a team is usually needed because content authoring is simply too technical for instructional designers.   Tools are required that hide the underlying technology completely and that use terms and visualizations familiar to instructional designers. New content development tools are required that:
· Provide a simple unfettered point and click type environment 

· Provide seamless search and access to digital assets

· Semi-automate the creation and use of metadata

· Automatically supports key interchange and runtime standards

· Integrate a broad variety of media types (e.g., JPEG, MPEG, HTML, etc.)

More people who understand learning and instruction will be able to contribute to a growing body of shareable content objects if simple and easy to use tools (even by non-technical authors) are made. Development costs will reduce, and quality will increase as communities of practice develop.  In order to be accessible to a wide audience, the hope is that the tool evolution will follow paths taken by word processing and presentation software.  Until this happens, however, content development will remain out of the reach of the very people who are best suited to create engaging and effective learning content. 

This new set of tools will help speed the creation of content, making it less costly.  Museums, libraries, and other organizations not explicitly or exclusively interested in learning, can nonetheless be engaged in the creation of content with implications for learning, particularly if it is not costly and difficult to do so.

Table 2 presents the tasks necessary to develop content objects. The identified research priorities are:
1. Content Developer Requirements Gathering: How do content creators think and work?  What capabilities would best enable them to create content and what would impede them?  A new line of research is needed to look at content creation from a fresh non-technical perspective that is not bound to legacy authoring tool products and that reflects the community of practice of learning design. The results of this research would produce functional requirements for next generation tools, infrastructure implications (e.g., external enablers required/assumed), prototype tools and interfaces to test acceptance, and pilot applications to test effectiveness. 

2. Storage/Retrieval:  Determine how designers might search for and access content from disparate sources.  Examine both the metadata, repository, and search requirements for rapid and rich content development.

3. Content Formats:  Determine the tools required for emerging content formats including static (MIME-based), interactive, stream-based, and active, and examine the authoring, integration, and deployment issues.  Define and develop prototypical integration tools for combining disparate media types. 

4. Learning Content Markup Languages:  Examine emerging and historical education and training “markup” languages that express instructional design intent and determine what tools and user interfaces are needed to make these languages useful.  Examine the utility of mapping markup languages (such as the Educational Markup Language and Question Test Interoperability) to existing and emerging delivery systems.

Table 2:  Content Object Development Tasks 
	Tasks
	Milestones
	Measures
	Needed Expertise

	
	3-years
	5-years
	10-years
	
	

	Content developer requirements gathering
	Define/demonstrate multiple pedagogical approaches for which tools should be built
Create prototype
	Develop new content creation tools designed for instructional designers that embeds technical implementation
	Integrate tools in a workflow model that supports instructional designers end to end
	Individual content developers can create and deploy content without technical support or know-how
	Instructional Design 
Cognitive Science
Human Factors
Computer Science

	Storage/

Retrieval  
	Determine salient search attributes for creating content objects
Create prototype
	Develop robust search methodologies (Google for learning objects)
	Develop and refine connections and search engines to repositories of media (scale up)
	Easy assembly of content by nearly everyone (no harder than PowerPoint)
	Computer Science
Library Science


	Content formats
	Research a range of learning content types including interactive, media, collaboration, assessment, etc.

Develop taxonomy and examples for each
	Determine authoring requirements and tools for various types that hide technical implementation details
	Create tools that seamlessly integrate varied content types for non-technical authors
	Rich, interesting content development by non-technical authors
	Computer Science
Graphic artists
Instructional designers

	Learning content markup languages
	Examine past, existing, and emerging instructional content languages to determine if they solve practical authoring requirements; test
	Develop authoring tools that are based on learning markup languages
Determine deployment issues (engines, etc.)
	Expand languages to support multiple types of learning activities and workflows
	Authoring environments  producing content that is expressed in instructional terms
	Instructional Design
Cognitive Science
Human Factors
Computer Science


4.3  Content Object Aggregation

Technology-based learning design communities have recently embraced the idea that instructional content can and should be developed as potentially reusable and interoperable objects.  These objects then need to be organized into contextually relevant groups for delivery to the learner.  Tools that can import content objects and provide scaffolding for related activities such as assessment, instruction, or problem solving have been developed only recently, and are still in a relatively primitive state, in part, because the underlying technology standards for content objects are fairly new, and because the process of creating instruction through the aggregation of content objects is somewhat new to instructional designers.  This is because, in the past, content, structure, and flow were often designed simultaneously.  In the newer object-based model, content is created as objects and then organized into specific instructional chunks, as illustrated in Figure 3.  Tools presently available from technology delivery system providers and other open source initiatives are primitive and still highly technical and unfriendly to much of the instructional design community.

Figure 3: Content Aggregation
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A new class of tools is needed that can output interchangeable aggregation structures using standards-based formats while hiding the underlying technical representations.  These tools would complement content object development tools at a level above the objects themselves.  Like content object development tools, aggregation tools need to hide underlying complexity and technical implementation and be, in terms and approach, familiar to instructional designers.  Aggregation tools would, among other things, ease the search and importing of content objects, determine delivery ordering and scaffolding, and permit the application of sequencing rules that are part of a particular instructional strategy.  The collection (aggregation) and ordering of a relatively small number of content objects to meet a specific learning objective has been discussed broadly in the design community.  However, opinions vary widely as to how such “learning objects” ought to be designed.  Tools are needed to create a variety of “micro context” instructional strategies (i.e., “learning objects) that can be reused, modified, and aggregated into courses of instruction.

Many more people will be able to contribute to developing effective and novel instructional strategies if the process of creating content aggregations can be made more accessible to instructional designers. These strategies might resemble reusable templates that could be applied to many topics, thereby speeding development.  Sets of aggregation templates could be developed that suit different communities of practice, thus widening the application technology delivered instruction.  The availability of easy-to-use aggregation tools will likely enable unforeseen approaches and uses in a variety of domains.

Tools are required to build collections of content objects and apply sequencing rules.  Such tools will need to access repositories of content objects, examine their metadata, expose data collected during student sessions, and produce an exportable content structure that may be imported into a technology delivery system.

Table 3 presents the tasks needed for content object aggregation. Topics that require research are as follows:
1. Requirements Gathering: Based on instructional design research, determine the requirements of tools that support various pedagogical and theoretical approaches.  Develop tool examples that support these models.

2. Sequencing:  Examine the current and future rules-based sequencing approaches and determine how to present such capabilities to non-technical designers.  

3. “Learning Object Templating”: Develop or evolve formats and the means for creating reusable learning object templates that incorporate specific instructional strategies but are applicable to multiple topics or domains. Develop tool strategies for creating “mini context” templates for reusable compound learning objects that can support many different communities of practice (e.g., Higher Ed, Training, Performance Support, and etc.).

4. Object Intelligent Search and Retrieval:  Research the means to intelligently search for content objects that can be recontexualized (repurposed) in new designs.  Evolve the search strategies to enable “real time” assembly of content based on learner profiles, mastery, subject, and etc.

Table 3:  Content Object Aggregation Tasks 
	Tasks
	Milestones
	Measures
	Needed Expertise

	
	3-years
	5-years
	10-years
	
	

	Requirements gathering
	Determine different methods for creating instructional experiences based on theory and practice
Determine if they are effective
	Develop tools that create rich instruction but hide the complexity of implementation
Build libraries of strategies for multiple domains.
	Determine issues and requirements for automatic “on the fly” aggregation and build such systems
	Customized robust learning experiences on demand and tailored to the learner’s needs
	Instructional Design
Cognitive Science

Computer Science

	Sequencing
	Exercise current and emerging sequencing tools to determine if they meet designers needs
Determine best front end tools for design of same
	Expand sequencing and navigation capabilities
Develop tools to automate the process
	Establish multi-tiered tools that allow construction of complex behaviors and, at a higher level, present them to authors
	Complex system directed learning that is adaptive and increasingly intelligent
	Instructional Design
Cognitive Science
Human Factors
Computer Science

	Content templates
	Define and prototype a library of mini-context strategies that build on instructional methodology
Prototype tools for the construction of same
	Design/research new methods of developing and using content templates for different disciplines
	Develop domain specific tools for rapid fire development of content including automated “on the fly”
	Libraries of reusable content templates
Automated content aggregation
	Instructional Design
Cognitive Science
Computer Science

	Object intelligent search and retrieval
	Determine context-based search strategies for gathering content to meet specific criteria
	Build on the fly aggregators
Build tools that establish context criteria and search strategies
	Multi-domain “on the fly” content delivery tools for end users ; (“build me this course now,” “teach me this now”)
	Large scale learning banks on wide range of topics
	Instructional Design
Cognitive Science
Computer Science


4.4 Metadata
Standards for learning object metadata now exist, but few tools or practices have been developed.  Current metadata standards do not address how and when metadata should be applied or used.  Most tools are cumbersome and time consuming to use, and there are few search engines that use learning object metadata effectively.  Yet most developers acknowledge the as-yet realized value of metadata.  

Tools and services are required to assist developers in the application of metadata at all levels of content development.  These tools need to be customized to meet the needs of various communities of practice.  A special area of required research is the development of tools and/or agents that can do intelligent searching of metadata during authoring and eventually real time for “on the fly” content aggregation.  

Lately, the most powerful value of the Internet and the World Wide Web has been recognized as search and retrieval.  Searching the Web has been reported to be the highest overall use after email and instant messaging.  The popular search service Google is now among the top used services of any on the Web.  Search and retrieval may well be the most important enabler of eLearning in terms of development and option. Successful searching and retrieval hinges, in large part, on the existence of good metadata.  

The development of tools that semi-automate and guide the application of metadata is hoped to break the current “chicken-and-egg” situation.  Currently there is little use of metadata despite the existence of standards because there are few tools that make use of such data to, in turn, justify the time and costs during development.  Once reliable metadata is applied broadly to instructional content, search tools and strategies can use the metadata in new and intelligent ways.  

A major component of metadata research is to determine how systems and users will make use of metadata after it exists.  This will spur development of new search and use services and the development of tools that will produce useful results.  Table 4 presents the tasks needed to develop effective metadata tools. The research priorities are as follows:
1. Mapping Metadata Use Domains: Determine the semantics of metadata in different domains and develop implementation guidelines for developers in those domains.  Examine the means to map semi-automatically across domains and determine the impact on content developers.

2. Metadata Semi-Automation:  Determine the means to intelligently automate the application of metadata to all levels of content, perhaps through intelligent analysis by agents.

3. Search and Retrieval Services:  Examine current and emerging intelligent search and retrieval services that use learning metadata and explore how these might connect with increasingly complex services and information.

Table 4:  Metadata Tasks 
	Tasks
	Milestones
	Measures
	Needed Expertise

	
	3-years
	5-years
	10-years
	
	

	Mapping metadata use domains:
	Create tools to relate metadata from different domains that are instructionally sound.
Create search tools that work with these metadata
	Create tools that intelligently “computer” metadata and other factors to support “on the fly” search/retrieval
	Develop tools that implement metadata practices for multiple domains
	Use of metadata for learning content is widespread and effective
	

	Metadata semi-automation
	Determine work flow and cost issues related to metadata
Create tools that reduce author intervention during creation but do not reduce search effectiveness 
	Develop tools that non-intrusively track context to add wide variety of metadata 
	Develop tools that intelligently evaluate metadata and produce effective strategies 
	Search strategies work well
Costs of metadata application are appropriate
	

	Search and retrieval services
	Develop advanced, intelligent search strategies and engines
Build tools that “front end” the engines
	Build tools that aggregate learning activities/content based on metadata
Build services that do so. 
	Develop rules that intelligently guide search and retrieval
Build tools that establish criteria, domain, and etc.
	Just in time, just what you need learning based on rich metadata
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