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Abstract: Nowadays the integration of e-Learning methods and tools into employee’s workplace environment is the hot topic in both e-Learning and knowledge management communities. The embedded e-learning system becomes an intelligent information assistant of the employee, increasing the employee’s performance by recommending an effective way of solving user’s problems (best practices) and/or delivering fundamental information (knowledge of facts etc.) necessary for understanding and performing the task. And vice versa, the e-Learning system can profit from the user’s experience of performing tasks: problem solutions being documented and annotated according to the e-Learning standards can become a valuable learning content for those who will have to face similar tasks and problems in the future.
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1 Introduction 

The general concept of learning during the work, often called workflow-, process- or task- embedded learning, and its effectiveness has already been demonstrated by [Kelly, 04]. The main benefit of e-learning in the enterprise is to allow users to solve problems individually and to gradually increase the competency level without taking them out off the working process. That allows for one hand to save money comparing to teacher-lead classroom training and on the other hand to maintain the competency level of the enterprise. Having been integrated into the working processes, e-learning becomes a part of daily work like using e-mail. The acceptance of e-Learning grows significantly if the employee does not consider learning as additional work. Workflow management systems (WFMS) seem to be the ideal place for embedding just-in-time learning as a basis for highly adaptive information delivery for employees participating in the enactment of the enterprise business processes. Such kind of learning is extremely necessary for novices as well as for employees who face tasks that has not been previously tackled by him/her. Embedded e-learning system can generate an individually adapted learning course on-the-fly that would allow the employee to complete the task within the enterprise workflow. The embedded e-learning system becomes an intelligent information assistant of the employee increasing employee’s performance by recommending an effective way of solving user’s problems (best practices, lessons learned) and/or delivering fundamental information (facts knowledge etc.) necessary for understanding and performing the task. And vice versa, the e-learning system can profit from user’s experience of performing tasks: problem solution being documented and annotated according to e-learning standards can become a valuable learning content for those who will have to face similar tasks and problems in the future. Thus, an e-learning system seamlessly embedded into enterprise environment can become an experience base of the enterprise, on one hand accumulating employees’ experiences and on the other hand disseminating the knowledge among the less experienced enterprise members increasing their competence and the competence of the enterprise as a whole.

The objective of this paper is to present the project TEAL (Task Embedded Adaptive Learning) currently being conducted at German Center for Artificial Intelligence (DFKI). The TEAL project aims to:

· Show that the efficiency of the task-specific information delivery in workflow systems can be increased by using an adaptive learning content management system (LCMS);

· Identify the bottlenecks preventing seamless integration of modern WFMS and LCMS;

· Propose methods and techniques for overcoming these bottlenecks;

· Develop a prototype that demonstrates the feasibility end effectiveness of the e-learning based just-in-time information delivery by integrating the LCMS Data-Mining-Tutor (DaMiT) [JantkeLange, 04, DaMiT] and the WFMS FRODO TaskMan [TaskMan].

2 Goal-Oriented Learning and Task-Embedded Learning

Enterprise business processes set hard requirements on embedded learning. The information delivered by WFMS information assistants has to satisfy the user’s current information need (just-in-time) but not to overload him (just-enough). Considering this facts, we argue that task-embedded learning is highly goal-oriented.

2.1 Goal-Oriented Learning

Fundamental research on goal-oriented learning in general, and, in particular, with respect to AI and machine learning has been conducted by [Ram, 85]. Goal-oriented or targeted learning is something that one meets in everyday life. Using AI terminology, let us call the person who deals with any kind of tasks an agent. Such agents have often to cope with previously unknown kinds of task. Facing a new task, an agent first makes mental inferences and checks whether he has enough knowledge to perform the task. If the inference fails (necessary knowledge is not present) than a knowledge gap is identified. After the knowledge gap is identified, the learning goal “cover the knowledge gap in the context of the given task” arises. If the task is complex, then there more than one learning goals might be identified. It could be also possible that complex learning goals can be broken down into subgoals.

The learning goals are used in two ways: (i) to guide the learning process by specifying the direction of learning; and (ii) to narrow the range of content to be considered as necessary to learn.

The context in which a learning goal arises plays an essential role for determining the learning style and narrowing the set of relevant documents. Learning goals that arose earlier and had not been satisfied or has been satisfied only partially will influence the learning process even if the agent has currently a new learning goal. Moreover, learning goals tend to evolve during the learning process: they can be generalized, specialized, and – if they become obsolete – eliminated.

2.2 Task-Embedded Learning

In the following, we argue that the concepts of goal-oriented learning are completely applicable to the domain of the workflow/task-embedded learning. State-of-the-art approaches for process-oriented knowledge management proposes the following methods for goal-oriented information retrieval:

· Using pre-modeled information needs for querying different information sources [Abecker, 00];

· Using lightweight approaches like characterizing task manually using DMS document categories and triggering the DMS to deliver the documents corresponding to the specified categories [Holz, 05]. 

2.3  Shortages of the Standard “Just-In-Time” Information Delivery

Although the above mentioned methods of information delivery provide the basics for effective just-in-time (JIT) information delivery integrated into a workflow system, they have the following shortages:

· Delivered documents contain usually in addition to the useful information also much unnecessary information that has to be recognized and skipped by the user.

· Delivering documents is aimed to satisfy the ultimate information need of the user without considering semantic relations between the delivered knowledge and knowledge needed for the user to understand the delivered material.

· Content provided by such a delivery system is not created professionally. Usually, heterogeneous documents from the enterprise DMS (project documents, scientific papers, manuals), web-links, e-mail content etc are delivered. On one hand this allows to simplify the process of content creation and reduce expenses on it. On the other hand, the content that was professionally created is more likely to be accepted by learners and can crucially increase the efficiency of learning.

2.4 Using LCMS for “just-in-time” Information Delivery

Using adaptive LCMS for just-in-time information delivery in workflow context would allow to overcome the shortages listed above:

· Exploiting Reusable Learning Objects (RLO) semantically annotated with learning metadata [Mohan, 04; Ravasio, 03] allows to assemble learning courses dynamically corresponding to a certain learning goal. Unlike standard information delivery, the micro-curriculum composed from the RLOs is not just a stand-alone course. The RLOs used for building the course stay linked with other RLOs through metadata even if those were not chosen for the generated course. Allowing learners to follow these links leaves space for explorative learning.

· Moreover, modern LCMS are able to tailor the learning process to the individual learner by considering learning history, learner’s preferences, learner type etc. Using the information from the learning profile, the LCMS can assemble individualized courses that not only can satisfy the ultimate learning goal but propose an individualized learning path for filling the gaps in user knowledge that are critical for understanding the main material.

· The usability of the learning content depends on its quality. Good learning content is not only clearly written and reflects the state of the art of the domain knowledge, but also contains professionally made illustrations, multimedia simulations, videos etc that helps learners to master the learning subject easier and more efficiently. Normally, large e-Learning companies have special apartments for professional content creation or let maintain their learning content by others (outsourcing) [Kelly, 04].

Although modern e-Learning systems have many potentials to be used for just-in-time information delivery they are not ready enough for it - they are mainly not goal-oriented, i.e. they do not offer assembling a learning course on-the-fly: most of the systems propose pre-defined learning courses or one has to organize his/her learning course himself from coarse-grained learning modules, that are not really thought to be used for goal-oriented learning.
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Integration of the LCMS DaMiT into the Agile Workflow System TaskMan

In order to check the feasibility and productivity of the above described ideas, the project TEAL is intended to use the competency accumulated in the projects FRODO and DaMiT.

3.1 Managing Agile Knowledge Processes with FRODO TaskMan

The project FRODO ("A Framework for Distributed Organizational Memories") is about methods and tools for building and maintaining distributed Organizational Memories in a real-world enterprise environment. One of the main outputs of the project is the WFMS TaskMan that supports enactment of agile knowledge-intensive processes in the enterprise. TaskMan extends standard workflow functionality by introducing hierarchical task structures, semantic task annotation and integrated proactive information delivery as well as supporting postponed workflow modeling (process definition during enactment). In TEAL we use TaskMan as the workflow system for research on workflow-embedded learning. More information about FRODO TaskMan can be found in [TaskMan].

3.2 Adaptive Learning Content Management System DaMiT

The DaMiT system (Data Mining Tutor) aims to be an e-learning system for teaching and learning data mining and/or machine learning courses on German universities and high schools. The system was developed as a generic framework independent of the learning content domain and can be also used for enterprise learning. The DaMiT system uses adapted and extended  SCORM metadata for annotating the learning content. The LCMS DaMiT is adaptive to learner’s preferences and can deliver different variants of course corresponding to the desired difficulty (theory-oriented or practice-oriented), presentation type (formal or informal) and preferred language.

The system is based on the concept of learning goals that are presented in the system as domain ontology entries and have several characteristics:

· Concept from the domain ontology: currently the system glossary is used as domain ontology; every glossary entry contains links to the corresponding learning objects from the content repository.

· Purpose, why the user wants to learn this material: to get an overview, to prepare for an exam etc.

· Intensity: how deep the material has to be learned (correlates with the purpose);

· Origin: whether the learning goal was created by the learner manually or was induced by the system.

· Goal creation and completion date.

Although DaMiT fulfills many prerequisites to be used as a source for just-in-time information delivery, there are still some shortages that do not let doing it:

· Although DaMiT courses are generated dynamically from the database, their structure remains pre-defined. The course generation engine does not consider the learner’s history and skills but only the preferences.

· The usage of learning goals is rather primitive: the learner can define learning goals in his profile and get proposals for courses that are related to the learning goal. Again, the learning goals do not influence the course generation procedure.

3.3 Sample Scenario

The following scenario can illustrate the general idea of JIT task-embedded information delivery using DaMiT system.

Mr. Oleg Rostanin is a trainee in the software department of some analytical company. Currently, he is working on the implementation of an OLAP tool. He keeps track of his tasks in the WFMS TaskMan (see figure 1).
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Fig. 1 - Oleg's task structure

His actual task is to get accustomed with OLAP technology. He annotates the task with concepts “Data Warehouse” and “OLAP” from the domain ontology. TaskMan determines from its local user profile that Oleg does not have necessary knowledge about OLAP and triggers a query to the DaMiT system (see figure 2). 
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Fig. 2 - Querying for learning goals

The query contains information about the current task context:

· Project/workflow name;

· User data (user id, user role etc);

· Current task name;

· Task characteristics (domain concepts, documents attached to the task);

· Information about subtasks etc.

As the result of the query, the DaMiT system delivers the list of potential learning goals that are represented in TaskMan as special type of task-related documents (figure 3). 
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Fig. 3 - Retrieved learning goals

Oleg can give feedback to the proposed learning goals: accept or reject, refine them or make them more abstract. The process can be repeated till Oleg is satisfied. The learning goal is saved into the learning profile in DaMiT (figure 3).

Now if Oleg decides to take a learning course on OLAP, he can open the document “Learning Goal: OLAP”. In response, the DaMiT system generates OLAP-course taking into consideration Oleg’s task context (figure 4).
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Fig. 4 - Generated learning course

Oleg’s learning path is written into the learning history in the DaMiT system. The generated course is placed to the favourites of Oleg till the learning goal “OLAP” is completed. Oleg can apply his new knowledge directly during the task enactment and send feedback on the course to the DaMiT system. Once Oleg makes interesting experience during his work he can contact the content provider team in order they to reflect his experience in the new learning content that will be shared between other employees.

4 Discussion and Future Work

This paper demonstrates the benefits of using an adaptive goal-oriented LCMS as an intelligent assistant for business process agents. In course of paper we have identified the shortages that do not allow using modern LCMS as knowledge/experience based information assistant. These are mainly:

· Ignoring agent’s learning goals appeared during process enactment;

· Absence of effective mechanisms to dynamically generate goal-oriented courses.

After identifying the shortages, we propose methods for adapting both the WFMS TaskMan and the LCMS DaMiT for supporting goal-oriented learning:

· TaskMan should be provided by learning goal elicitation mechanisms;

· DaMiT have to extend its learning goal model ;

· Define interfaces for information exchange between TaskMan and DaMiT;

· On the side of DaMiT the web-services for learning goal retrieval has to be implemented;

· DaMiT has to be extended by introducing on-the-fly content generator.

The research and implementation in the TEAL project will be directed onto integration of DaMiT information assistant into the WFMS TaskMan.

Nowadays there are several research initiatives focusing on automatic learning content generation [Ras, 04; Schmidt, 04]. Other approaches let learners themselves assembly learning objects corresponding to the situation [Farrell, 04].

We tend to use approach similar to [Ras, 04] but making impact on exploiting the concept of learning goal. In contrast to [Ras, 04], learning object assemblies are created within a SCORM-compatible LCMS and are available for workflow system users through http-links directly into the LCMS.
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