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Designing Resource-Based Learning and Performance Support Systems

The transition of the education and training communities to paperless, digital work and learning environments has important implications. Principal among these issues is whether traditional approaches will simply be adapted, or if new approaches—involving varied cognitive demands, systems design, and focus—will evolve. Conventional approaches have long-standing education and training traditions, but have come under criticism with the transition to digital approaches.  They often involve the re-production of media and approaches that have been developed previously, tending to increase dramatically both the cost and the time required to develop training and education products and services.  The focus of traditional approaches on the teaching and learning of isolated knowledge and skills has also been questioned.  Simply re-hosting existing education and training approaches using digital media may optimize neither human nor technology’s capabilities. 

Two promising developments have emerged: 1) Electronic Performance Support Systems (EPSS) design technology; and 2) resource-based approaches to media production and access.  Using knowledge object technology, multimedia resources can be tagged and re-used to support a wide range of education and training (as well as workplace) needs.  EPSS technology has likewise emerged to address a range of both performance and learning demands.  The link between these developments, however, is relatively new.  The purposes of this chapter are to frame the learning-performance issues associated with EPSS use, to introduce EPSS design and implementation issues, to describe the relevance of resource-based approaches to EPSS design, and to present an EPSS project involving the application of knowledge object/resource-based approaches.

The Emergence of Electronic Performance Support Systems

Simply stated, performance support systems help users do or accomplish things as they attempt to perform (Dorsey, Goodrum, & Schwen, 1993); EPSSs do so using computational technologies (Hoschka, 1996). An EPSS is a system of task-integrated online job aids, support tools and information systems that assist users with workplace performance (IETI, 1995; Stevens & Stevens, 1996). While some have expressed the need for caution (e.g., Clark, 1992), EPSS technology has gained broad acceptance in the education and training communities (see, for example, Banerji, 1999; Gery, 1991, 1995; Hannafin, 1996; Huber, Lippinott, McMahon, & Witt, 1999; Raybould, 1995). Interest in EPSS technology has been evident in professional organizations, corporate training and education environments, and academic R&D settings (Carr, 1992).

EPSS focus represents a shift from acquiring knowledge to performing tasks (Collis & Verwijs, 1995; Gustafson, Reeves, & Smith, 1995).  While there remains an important role for traditional education and training, the shift to user-centered, performance-based models is both inevitable and imminent (Hannafin, 1993, 1995). The delivery model has shifted from courses that teach decontextualized knowledge and skill to modules that support performance involving relevant knowledge and skill. This shift has affected all forms of education and training (IETI, 1995). 

EPSS design practices represent a convergence among several related fields and specialties, including human performance technology, computer-supported collaborative work, technical communications, electronic publishing, instructional design, and workplace training (McGraw, 1994; Sherry & Wilson, 1996; Witt & Wager, 1994).  According to Foshay and Moller (1992), research in the field of human performance technology must draw from a range of theoretical perspectives including behavioral, cognitive, and organizational psychology, as well as communications and general systems theory. Thus while the foundations for EPSS design are found across disciplines, they are organized and refined in none.

According to Gloria Gery (1995), two simple goals define what any EPSS should provide: 1) software to integrate knowledge, data, and tools required to help a performer succeed at a task; and, 2) task structuring that guides performers to create deliverables. In a sense, EPSS technology is not so much a unitary design concept, with fixed features and components, as it is a perspective on designing systems that support learning and/or performing.  This, however, can prove elusive and deceptively complex. A recent volume describing the development of EPSS and other tools to support instructional design (van den Akker, Branch, Gustafson, Nieveen, & Plomp, 1999) highlights both the advances realized in the 1990’s as well as needed research and development.

The Emergence of Resource-Based Approaches


One area in particular need of development for EPSS technology is the integration and use of resources. Resources have always been integral to training. Resource-based approaches extend the traditional use of available information and media by reusing and manipulating them to accommodate specific situational requirements.  In EPSSs, resources are individual media (text, video, pictures, graphics, etc.) that have the potential to support performance.  Resources are organized sets of data combined by an expert or specialist to convey a message, thus providing information related to a specific topic and/or task (Clark, 1998).  

The pre-digital era constrained the creation and distribution of resources. Existing resources, primarily static in nature, were created to address specific situational needs and used largely intact.   The need and demand for the flexible use of resources grows as the creation of digital resources continues to evolve.  At the same time, developments in knowledge object technology and standards for classifying digital media (e.g., metadata), are transforming the very nature of media.  Increasingly, individuals must find and adapt resources to meet training and learning needs unlike those for which the resource was initially created.  

Resource-based approaches offer the potential for establishing situational relevance in a flexible development/delivery environment.  They involve the identification and re-use (or adaptation) of existing resources to support varied, rather than only specific, training and learning needs. [See Hill and Hannafin (2000) for a more in-depth discussion of resource-based learning environments (RBLEs)]. Resource-based approaches support efforts to adapt information to meet particular training needs. The meaning of a given resource is continually redefined by situating it in different contexts. Resources are considered to be epistemologically neutral, or can be made so, enabling their adaptation to varied directed or learner-centered environments. Various tools and pedagogical techniques assist the learner in tasks ranging from those embedded in the environment to those elicited by the learner or trainer.  The tools and techniques (electronic to human-based; directed to open-ended) are viewed as partners in the process, supporting the learner and trainer in their work (Beswick, 1990; Freire, 1993).  Such approaches utilize a variety of resources, including print (e.g., manuals, magazines), non-print (video, audio, computer-based instruction), and human (e.g., trainer, librarian) resources to accomplish goals and specific performance outcomes.  

Resource-Based EPSSs: An Integrated Perspective

In this section, we examine the potential of combining resource-based approaches with EPSSs to address the growing demand for just-in-time, individualized training built upon reusable digital resources. [See Table 1 for a summary of the main characteristics and examples as demonstrated in the TRIAD system.]

__________________________________________________

INSERT TABLE 1 ABOUT HERE

__________________________________________________

Components


Resource-based EPSSs combine four core design components: resources, contexts, tools, and scaffolds.  The ways in which the varied elements within the components are combined will vary depending upon the goals, context, and participants.  A brief examination of each of the components will help in developing a greater understanding of the complexity of the environments.


Resources.  Resources are the core information represented in resource-based EPSSs.  They come in a variety of formats, ranging from electronic to print to non-print to human.  Resources take two predominant forms: static and dynamic.  Static resources are immutable.  They represent a fixed recording of ideas, facts and beliefs at a specific point in time (e.g., textbooks, magazines).  Dynamic resources, on the other hand, undergo frequent, sometimes continual change.  Many Web-based resources, for example, are revised continuously, ranging from hourly updates (e.g., temperature databases at the National Weather Service), to several times a day (e.g., New York Times on-line).  Dynamic resources provide a tool for providing up-to-the-minute information.  


Both static and dynamic resources are tagged with specific information (e.g., details on the content, goals the resource relates to, etc.).  The tagging enables the designer and developer to search an object library, find resources that match specific content and/or performance criteria, and access the best resources for a given learning or performance context. Growth in resource-based approaches has been evident across both corporate and government sectors.  Motorola (1998), for example, is currently involved in a company wide effort to create an object-based learning library. This electronic library will be filled with hundreds of learning objects: granules of expert/specialist knowledge. These objects will be made accessible to a wide-audience within an organization (Clark, 1998), enabling trainers to create instruction by combing various objects (i.e., resources). Similarly, the US Department of Defense’s Advance Distributed Learning (ADL) initiative employs a similar concept, sharable content objects (SCOs), to enable the sharing the SCOs between and across a variety of users and contexts (Brower, 1999).

Performance Contexts.  Contexts are the settings, real and virtual, in which learning and/or performing circumstances are framed.  Contexts, characterized by situations and goals, can be externally directed or learner generated. Externally directed approaches are used to support learning and/or performance per requirements external to the user (Haycock, 1991). An external agent (e.g., trainer, instructional designer) typically establishes the venue (real or virtual), sets the pace and sequence of resource use, facilitates interactions and activities (e.g., use of the library), and establishes goals for the learner to achieve.  In learner generated approaches, the individual defines the performance goal based on unique needs, which in turn influences decisions related to where to seek resources (i.e., library, archives, Web), what is needed, and when the need has been satisfied.  Guidance may be sought from an external source (e.g., trainer, community expert), but assistance is initiated at the individual’s discretion. 

Tools.  Tools are critical to locating, accessing, and manipulating the needed resources, as well as interpreting and evaluating the usefulness of the resources. Tools enable users to organize and present their understanding in various ways (Jonassen & Reeves, 1996).  Searching, processing, manipulation, and communication tools are among those commonly used.


Searching tools range from sophisticated search services with specialized search capabilities (e.g., individual user profiles) to simplistic electronic library catalogs providing author, title, and subject searching for everyone. Web search engines (e.g., Yahoo, InfoSeek, AskJeeves), for example, extend capabilities and the breadth of resources that can be retrieved in a single search. Processing tools enable the learner to gather and structure information or data.  They support the collecting, organizing, integrating and generating of information. These tools enable a user to formalize relationships within and between ideas and in some instances, between documents and management tools.


Manipulation tools, which vary in their sophistication and complexity, provide the ability to test and act upon ideas.  Although relatively simplistic, spreadsheets are often used as examples of exceptionally powerful manipulation tools [see, for example, Grabe & Grabe (1998) or Jonassen & Reeves (1996) for an overview of spreadsheet applications].  Users can engage in "what-if" activities, as well as proposing and testing alternative solutions (Ramondetta, 1992).

Communication tools, both asynchronous and synchronous, enable the sharing of information in a variety of forms including text, voice, and video. A variety of communication tools have been used for enhancing face-to-face classes as well as distance delivered courses [see, for example, Dehoney & Reeves (1999), Francis (1997), Gamas & Nordquist (1997), Laffey, Tupper, Musser, & Wedman (1998), Witmer (1998)]. The tools support a variety of activities: one-on-one interactions between trainer and trainee, small group interactions, expert counseling, and presentations. Communication tools can also assist in community building (Palloff & Pratt, 1999; Parson, 1997; Weedman, 1999). In these resource-based environments, individuals use e-mail to communicate with the trainer, listservs to participate in small-group projects, view PowerPoint presentations that are "web-ized," and engage in synchronous chat sessions, where weekly dialogues addressed various issues related to the course (Hill, 2000).

Scaffolding.  Scaffolds act as assistants in the process, guiding users as they engage learning and/or performance activities.  Scaffolds come in varied forms including conceptual, metacognitive, procedural, and strategic. Conceptual scaffolds assist the user in deciding what to consider, guiding and supporting them in recognizing relationships (Anderson-Inman & Zeitz, 1993). Used in real-time interactions or as reflective tools, conceptual scaffolds can be trainer or user generated, ranging from PowerPoint® presentations created by the trainer to individual learner's cognitive map showing links among various concepts.  Metacognitive scaffolds assist learners in assessing what they know, ranging from subtle reminders to reflect on the goal or problem to directed decision-making in complex, ill-defined problems. Metacognitive support assists users by reducing cognitive load, enabling them to successfully engage in more complex processes such as critical thinking and reflection (Chang & Rice, 1993).  

Procedural scaffolds assist the user in navigating and otherwise using the system. Site maps ranging from simplistic textual organizational charts to complex graphical representations, for example, can be useful guides for the learner attempting to use a particular system (Grabe & Grabe, 1998).  Strategic supports offer the learner alternative ways to approach a task.  Strategic support may come from an expert external to the system or may be embedded within a specific application or resource.  As an intellectual partner, strategic supports can assist by off-loading tasks to the system, allowing learners to focus on other areas as the system shares the cognitive burden of the task (Pea, 1985).

TRIAD: A Case Study

A system currently under development provides an interesting example of resource-based EPSS in application.  The Tactical Readiness Instruction, Authoring, and Delivery (TRIAD) project is developing a set of authoring and delivery tools that will enhance the quality of tactical guidance disseminated through the U.S. Navy.

Background & Purpose

Decision-makers within the U.S. Navy are faced with increasingly complicated and stressful tactical environments.  These environments are characterized by situational uncertainty, time compression, and capable adversaries.  To cope with such environments, today’s decision-makers must have absolute command of a vast and varied knowledge base.  Decision-makers must be familiar with situational cues, their ship and fleet capabilities and limitations as well as those of potential adversaries, and tactics at his or her disposal as well as those that potential adversaries might employ.

Some of this knowledge comes from formal training.  However, the bulk of it is developed through experience and personal study of tactical publications (including Tactical Memoranda [TACMEMOs]) and combat system doctrine (Cannon-Bowers, 1995; Cannon-Bowers et al., 1994).  The TRIAD project is a PC-based system being designed and developed to improve TACMEMO readership.  TRIAD will provide authors with an integrated tool set to enable them to create tactical documentation (i.e., TACMEMOs) using a variety of multimedia presentation techniques, and to create associated interactive multimedia instruction (IMI) to support the documented tactic/doctrine.  In turn, readers will receive a multimedia tactical documentation “product set” that supports tactic/doctrine presentation and briefing, instruction, quick reference, and facilitation of electronic feedback regarding tactic/doctrine evaluation.  In the following sections, we emphasize TRIAD’s role in facilitating the authoring of efficient and effective TACMEMOs.

Development Context 

TACMEMO development begins with the identification of a tactical deficiency and development of a tactical solution that addresses that deficiency.  The resultant tactic is disseminated to Fleet units via a TACMEMO. TACMEMOs are experimental tactics written by project officers.  Project officers are provided with structural guidance
 (i.e., the sections that a TACMEMO should include, and the order of those sections).  However, despite the potential importance of the tactic for specifying offensive or defensive options and actions, they are provided with little or no guidance as to how to author a document that effectively and efficiently communicates it.

Once written, TACMEMOs are read by personnel ranging from flag-level commanders (i.e., Admirals) through junior enlisted personnel.  At every level, readers must balance the need to read and understand new TACMEMOs against the press of their competing responsibilities.  Their task is made more difficult by documents whose formats are not consistent with the reader’s needs.  As evidence, we recently queried a group of readers on their use of TACMEMOs.  Within this group, TACMEMOs are used extensively as reference documents and are rarely studied.  Only one participant indicated that he often read the body of the TACMEMO.  Most indicated that they did so only on occasion; the remainder indicated they read the body of the TACMEMO rarely, if ever.  By contrast, a large majority of participants indicated that they consulted TACMEMOs during operations.

Author Interview Process

After a tactic has been defined, the author uses TRIAD to create a product set.  The process consists of three stages: interview, edit and review. During the interview stage, the author creates and/or imports existing resources regarding the tactic in response to TRIAD-supplied interview questions. For example, the author might be asked to define the tactic (text), describe the tactic using an illustration (graphics), generate a scenario that supports practice (simulation), and/or import a video that shows tactic evaluation results.  A given resource may be used in multiple portions of a given TACMEMO, and may be used or re-used for non-TRIAD purposes as well.  As the interview progresses, TRIAD adds the information provided by the author to its database and tags each resource accordingly.

Using the information gained from the interview, TRIAD generates a draft TACMEMO product set consisting of the following integrated components: Base Document, Tactic Training Component, Quick Reference Guide (QRG), Feedback, and Brief.  The Base Document contains the core TACMEMO content and procedures.  The Tactic Training component addresses training requirements keyed to specific tactics knowledge and skills identified in a given Base Document.  The QRG is an on-line job aid designed to distill the most essential aspects of the tactic for ready reference and to enable the user to link to associated Base Document and Tactic Training sections of the TACMEMO.  Feedback, of a formative nature related to the tactic’s usefulness, is elicited from users and recorded electronically.  Finally, TRIAD generates a PowerPoint( presentation Brief containing the primary information contained in the tactic.  The Brief can be edited and otherwise modified to provide greater or lesser breadth and depth, per audience needs.

The process continues with a guided elaboration and augmentation of the draft product set.  The process consists of three iterative strategies, confirming, elaborating, and fine-tuning, designed to help authors refine and augment content. Confirmation assists authors in validating content accuracy and completeness as well as confirming TRIAD-generated structures and sequences. Confirmation is critical because it safeguards the accuracy of both the content and structure of TRIAD-generated documents.  Elaboration helps authors to extend, amplify, and otherwise augment TRIAD documents.  Authors elaborate and detail descriptions and supporting examples, especially those considered critical to the user’s knowing and implementing the tactic. Fine-tuning enables the author to clarify information, directions, instruction, and presentation. At this step, the author amplifies key information, reducing or eliminating ambiguity and unclear or non-essential information.

Although the process will be largely transparent to the author, the authoring process will create a set of knowledge objects and organize them into the product set to be delivered to readers.  The process begins through progressive decomposition of the product set’s content.  That is, the author is first asked to specify broad categories of information that the product set will address (e.g., Threats, Weapon Systems, Tactical Employment) and to specify one of these categories as the main thrust of the product set.  For example, a given product set may focus on how to use a certain weapon to defeat a certain threat.  In this case, the Tactical Employment, Weapon, and Threat categories would all be uses, but the Tactical Employment category would be marked as being the central theme or frame.

After specifying the broad categories of concern, the author breaks each category into smaller and smaller units (see Figure 1). For each category, the author is asked to specify which of a set of possible anchors are important to the product set.  For example, within the Threat category, the possible anchors include Type, Mission, Design Characteristics, Identifying Characteristics, etc.  This process continues as the author determines which aspects of the anchors themselves to discuss.  For example, within the Identifying Characteristic anchor, the author could choose to discuss Identifying Features and/or Indicators via Equipment.

_________________________

Insert Figure 1 About Here

_________________________

The interview process continues by further decomposing the material to be presented (e.g., creating sub-sections for the base document or learning objectives for the tactic training component) and by eliciting content associated with a particular element (e.g., creating a description of a piece of equipment or a particular practice exercise).  Content is added to the skeleton created through decomposition in two ways.  First, TRIAD provides tools that will allow authors to create novel content.  Perhaps more importantly, TRIAD also provides a utility with which authors will be able to search a library of knowledge objects and identify those that can be imported and used within the current knowledge set.  This use of existing content will serve to add consistency to the information that is provided to the fleet.  It will also make the quality of the delivered material more consistent and reduce the cost of producing product sets.

Once the interview is completed and the draft product set generated, the edit stage commences.  Here, the author is again presented with the draft product set and can choose to edit any or all of the product set components.  The author can add new media and edit existing media (text, graphics, animation, simulation, etc.).  The author can import related media from the local TRIAD database, or from a remote database, into a product template and then edit as desired.

The review stage commences after all TACMEMO product set components have been developed.  The TRIAD system will integrate the components into a review document with all associated markings.  This review version can be distributed via multiple means (paper, local area network (LAN), wide area network (WAN), disk, etc.).  Reviewers will be able to comment within the document and return these comments to the author.  Comments received electronically will be stored in the TRIAD database for use by the TACMEMO author to revise components as required.  The capability to merge comments into the document will be provided. As in the edit stage, the author can create/import new media and edit existing media (text, graphics, animation, simulation, etc.) in response to review comments.

This process of assembling the product set components into a review document, distributing the document for review, incorporating review comments, and reassembling the product set can repeat as necessary until a final product set is approved.  Upon completion of the review process, TRIAD will assemble the TACMEMO product set for final packaging and subsequent distribution to readers (compact disk/digital videodisk (CD/DVD) or LAN/WAN).  TRIAD will support document version control throughout this process.

TRIAD as a Resource-Based EPSS

In a sense, the TRIAD authoring environment is a resource-based EPSS for producing EPSSs.  That is, the authoring environment must support authors as they attempt to produce a TACMEMO “product set” that supports the performance of field users (readers).  It is useful, therefore, to consider TRIAD as a family of EPSSs, some designed to aid the author’s performance and others to support readers’ performance.  In the following, we illustrate some of the characteristics and design decisions discussed previously in this chapter.

Resource Usage.  TACMEMO development provides fertile ground for resource-based approaches.  Often, several TACMEMOs describe the same weapons, systems, concepts, etc. in different contexts.  Many of the resources relevant to associated tactics (e.g., training manuals, reports, graphics, videos) have been developed for other purposes and can be readily accessed. Resource-based approaches allow such media to be developed once and used many times, improving efficiency and consistency across TACMEMOs.

TRIAD is inherently resource-based in its instantiation of knowledge object technology. Knowledge objects (sometimes referred to as learning objects or sharable courseware objects) can be thought of as boxes with labels outside but sealed contents within. The label reveals the contents of the box.  Knowledge object boxes may themselves contain multiple objects.  As such, the knowledge objects provide an elegant way to store and organize the contents of our TRIAD product sets.  The labels, known as the object’s metadata, help in the organization function and make it possible to look for and re-use a knowledge object that contains desired content (the object’s data).

TRIAD knowledge objects are constructed through a process of decomposition and population.  The decomposition process breaks down large, complex tasks into distinct requirements, and results in a given number of empty “boxes” or knowledge objects.  The population process essentially rebuilds the decomposed parts into connected wholes by filling the empty boxes with new or recycled media that are situationally relevant to the TACMEMO.

Additional insights on the use of knowledge objects within TRIAD can be gained if one views from a different perspective.  Rather than considering how they are created, we could think of them in terms of the resultant products.  From this perspective, one can see that the product set as a whole can be considered a large knowledge object.  That is, the authoring process creates many individual knowledge objects that are, in turn packaged into one large knowledge object suitable for (see Figure 2).  The various components of the product set can then be seen as sub-sets of the grand knowledge object (boxes within boxes).  The base document contains the encyclopedic representation of the tactic at hand.  The tactic training component addresses a subset of the content covered by the base document, the QRG continues the refinement by addressing a subset of the content covered in tactic training, and the brief contains content that can be used to explain the tactic to others.

From this perspective, a single knowledge object can be envisioned as a single vertical slice through the product set as a whole.  The object’s representation would be dependent on the viewing context.  Consider a particular slice through the product set shown in Figure 3.  The knowledge object represented by that slice might include data associated with the base document, tactic training component, QRG, and brief.  However, only portions of the knowledge object would be rendered at any given time.  The rendition of the knowledge object within the base document component would be quite different than that seen in the instructional module or the QRG.

_________________________

Insert Figures 2 and 3 About Here

_________________________

The resource-based approach also provides maintenance advantages.  As information changes (e.g., about the capabilities of some weapon system), the knowledge objects that use that information must be changed.  However, it is not necessary to change every document that describes that system.  By fixing the shared resource, the documents are automatically updated when they are redistributed. 

Contexts.  Within TRIAD, context is usually negotiated.  Superiors establish contexts either implicitly (we are moving to this theatre of operations) or explicitly (prepare a brief that summarized all the tactical information/guidance pertaining to this threat).  However, the individual user generally has wide discretion in how he/she uses the available resources and tools.  Further, individual users will generally attend to and process information quite differently as a function of their current responsibilities.  TRIAD provides the resources and tools, and the users use them to meet their real-time performance requirements.

Tools. TRIAD’s tools support those functions determined to be most important in its eventual implementation contexts.   Searching happens at two levels within TRIAD.  At one level, users can search for product sets that contain terms of interest to them.  This search results in two lists:  product sets for which the term could be considered a main idea or keyword and product sets that use the term in a less significant, more embedded way.  The second level of search occurs within a given product set.  Once again, users can search for key terms.  Rather than merely providing a list of “hits,” TRIAD annotates a table of contents to reflect sections that contain the term.  The user can then jump to likely sections and find the search term highlighted.  At both levels, TRIAD attempts to place search results in context to help users focus their efforts and build their mental model of the content of interest.

Processing tools within TRIAD include notes, bookmarks, highlighting.  These tools allow users to “mark-up” product sets to reflect their current interests.  As their focus changes, the annotations can be modified or deleted.  On a grander scale, the PowerPoint-hosted brief provides a powerful processing tool.  Using PowerPoint, and the one or more default presentations, the user can gather and manipulate information to serve immediate needs. The primary manipulation tools within TRIAD are the practice and assessment areas within the tactic training component.  These areas allow users to test their understanding of the content and provide guiding feedback to help them improve performance.

The most obvious communication tool is the feedback component.  The forms in this component allow a command to provide insights to the tactic developer.  These insights are used to improve subsequent versions of the tactic or to discontinue its use.  In a more subtle way, the presentation can be considered a communication tool, both for the original author and for the local personnel responsible for explaining the tactic to others.  Finally, in special cases, the processing tools discussed earlier can be used as communication tools.  Generally, other users can not see a given user’s annotations.  However, if a user has special privileges and chooses to do so, that user can choose to enter public notes, bookmarks, or highlights.  These public annotations can help a leader communicate his/her perspective on a tactic to the rest of his/her team and thereby improve coordination and performance.

Scaffolding.  Scaffolding assists individuals as they engage various activities.  For example, conceptual scaffolding assists the learner in defining what to consider.  Within TRIAD, the searching mechanisms described earlier also function as conceptual scaffolds by directing the users’ attention to product sets and sections that are likely to contain the most relevant information.  At a macroscopic level, the majority of conceptual scaffolding actually takes place during authoring.  By enforcing a performance-focus during authoring, TRIAD ensures that the base document, tactic training component, QRG, and brief indicate to the user the key concepts within a given product set.

Metacognitive scaffolding is provided through the practice and assessment area in the tactic training component.  These sections provide a definitive indication of what each user knows.  Rather than just providing an indication of correctness, these spaces try to capture “teachable moments” and deliver guiding feedback to users.  Procedural scaffolding is provided through a task-oriented help system and results-oriented tool tips.  Rather than defining buttons and functions, TRIAD’s help system and pop-up tips describe how to complete tasks and explain the consequence of using a control.  The TRIAD navigational construct is another procedural scaffold.  Depending on user actions, this construct provides a table of contents, an index, or a list of the active bookmarks.

Issues in Design, Development, and Implementation

Establishing a necessary relationship between learning and performing is a significant undertaking (Laurel, 1990; Raybould, 1990, 1995). Debate has surfaced as to which—performance or learning—is subordinate to the other: Is learning fundamentally prerequisite to performing or can performing become the impetus for learning (see, for example, Laffey, 1995; Rosenberg, 1995)?  These are key issues for resource-based EPSSs.  TRIAD reflects particular assumptions and decisions related to both the links between learning and performing and the manner in which its features are being designed.  In the following section, we introduce several issues and describe how TRIAD addressed each.

I. Is Learning Prerequisite to, Incidental to, or the Product of Performance?

Learning as Prerequisite to Performance. Traditional learning and cognition theories and research posit hierarchical dependencies among knowledge and skill (see, for example, the analysis provided Hannafin & Rieber, 1989).  Accordingly, many instructional systems design (ISD) approaches were honed through the basics-first, bottom-up teaching-learning approaches to military education and training refined by Gagne.  Presumably, fundamental elements of complex intellectual skills and procedures must be learned in order to execute (and understand) the more advanced intellectual skills and procedures.  These intellectual skills are considered the building blocks of complex reasoning and problem solving.  To the extent more advanced procedures can be implemented without requisite knowledge and skill, the skill is generally thought to have been simply rote memorized (intellectual, procedural) and implemented under algorithm-like conditions rather than a product of reasoned judgment and understanding. 

Learning as Incidental to Performance. A second class of learning involves the acquisition of knowledge and/or skills that are not explicitly taught. Learning may be considered incidental to versus mandatory for the performing (or vice versa). How much and what kinds of incidental learning result from guided performing and how much learning must result from extended EPSS support?  To the extent learning benefits accrue incidentally, but such knowledge or skill is not deemed essential, it may represent “value-added” from the EPSS.  

Salomon (1990) suggested that technology experiences may yield a cognitive residue as a consequence of tool engagement; that is, learning may be a by-product of EPSS engagement.  If so, the simple use of the tool may promote incidental understanding of underlying concepts, or establish an organizer that helps to anticipate, select, and relate the knowledge. Bell and Winn (2000) suggest that well-crafted technologies make individuals smarter and more productive, and that such effects are often more durable than traditional teaching-training approaches. Sherry and Wilson (1996) describe EPSS scaffolds through which users become increasingly capable though on-line support, and eventually acquire the knowledge and skill needed to perform independent of the support tools.

While attractive in principal, this is neither acceptable nor sufficient in many cases.  There is little evidence that either EPSS designers or the corporate/organization users of such systems recognize that systems promote incidental rather than intentional learning.  Typically, management presumes that learning has occurred to ensure that employees will function independently. And rarely do such systems promote enough incidental learning to ensure independent performance.  Learning is tacitly assumed to be the product of EPSS use, but the systems fail to cultivate the required learning.

Learning as Required of Performance. Generally, models of EPSS facilitated performance assume that basic underlying knowledge and skills are acquired through performance; some embed features to increase the probability that this acquisition will occur. The EPSS immerses the user in actual task performance wherein knowledge and skills are anchored.  Successful execution of required performances presumably enables the bootstrapping of related knowledge and skill while providing rich contextual referents for encoding and subsequent retrieval.

Unlike incidental learning where knowledge and skill are value-added, self-sufficiency requires the independent ability to perform without the aid of the system.  That is, EPSSs are presumed to generate residual effects. EPSS will be available initially and faded or eliminated subsequently; users will become increasingly self-reliant as they perform more effectively and acquire the underlying knowledge and skill. Indeed, under these assumptions, the user must learn sufficiently to perform without EPSS scaffolding.  

These views are consistent with the conceptual bootstrapping tenets of situated cognition theory. But how (or do) individuals learn through technology tools designed to promote performance? We cannot assume that individuals understand simply because they perform with the support of an EPSS. To the extent knowledge and skill must be engendered by the EPSS, the success or failure of the system needs to be weighed against both criteria. Typically, both are assumed; rarely have they been simultaneously verified or validated.  Nor have the features of EPSS systems that contribute to learning versus performing been well articulated.

Is There Antagonism Between Learning and Performing?  Antagonism can exist between learning and performance.  It is not clear which and when EPSS features facilitate learning or performing at the expense of one another. For example, some programs provide general supports (e.g., on-line documents, help), but fail to support either learning or performing very well. Large volumes of poorly focused material (e.g., manuals, reference guides, forms, etc.) are made available on-line, but little corresponding guidance is offered to scaffold their use. As a result, the EPSS is often more cumbersome, complex, and difficult to implement than the non-electronic versions they were designed to replace. EPSSs fail because the designers naively assume that simply providing on-line resources facilitates learning and/or performance. Instead, it complicates navigation and the user’s ability to establish relationships and sequence information.

A key set of issues concerns how judgments related to knowing, understanding and performing become operational in EPSS systems. Depending on the features and focus, EPSSs may promote the learning of enabling knowledge and/or skills as situations dictate (Laffey, 1995).  They may augment understanding associated with particular knowledge or actions, or supplant certain cognitive functions deemed either too mundane to warrant training or too complex to attempt to teach (Gery, 1995). The latter is often the case where performance contexts require little-used, exceedingly detailed or highly idiosyncratic knowledge or skill sets. They are considered key to specific situations but of very little utility beyond them such as in tax preparation programs such as TurboTax.

TRIAD’s Focus.  We have already noted that learning is not an explicit goal for TRIAD authors.  That is, we expect our authors to produce quality products; it is not necessary that they learn the principles on which those products are based.  Nonetheless, it is intellectually interesting to consider if, and how, authors will learn from their performance.

Learning may be considered incidental to versus mandatory for the performance.  If any learning is to take place among TRIAD authors, it is almost certain to be incidental.  However, TRIAD poses another interesting question: Does the learning result from the performance itself or from witnessing the product of performance?  That is, if our authors learn, will it be because they were stepped through a systematic design process or because they have been shown the results of such a process and now aspire to produce something similar on their own?

At this point, answering this question is an exercise in speculation.  However, our current belief is that the work sample will contribute more to the author’s growth (if any) than the experience.  Because the instructional design principles are hidden within implicit templates, which are further hidden behind interviews (to aid usability), the process itself is unlikely to be manifestly instructive.  However, in an area where there is a dearth of good examples, viewing a well-constructed product set may well improve transfer performance.

II. Scaffolding vs. Planned vs. Learned Dependence

 Some EPSSs makes no pretense that they “teach” or performers “learn.”  Their goals are simply to automate task functions by supplanting the cognitive processes that underlie a performance.  There is no expectation that tasks ultimately will be performed independently.  Continued reliance is planned and by design.

Frequently, however, the expectations or requirements involve increasingly self-reliant performers.  Support systems are expected to influence learning (and user performance) without sustained reliance on the EPSS; users become increasingly self-sufficient by learning from their EPSS (Stevens & Stevens, 1996). According to Sherry and Wilson (1996), “[groups] that utilize online … systems may find that performance is improved, expertise is developed earlier, and the scaffolding or ‘training wheels’ of the EPSS can be removed or ignored whenever learners feel that their performance has become viable on its own.”  For many, both learning and independent performance are not merely goals; they are presumed.

Interestingly, this does not occur routinely. Often, systems promote performance at the expense of learning; that is, they fail to develop the understanding needed to perform without the support system. This can be manifested in several ways. Rather than fading performance scaffolds, they remain available continuously, reducing the requirement to perform independently.  Alternatively, some EPSS both scaffold the performance and teach the knowledge and skills embodied in the performance, but do so ineffectively.  Finally, some systems presume that the knowledge and skill embodied in a performance are acquired naturally by virtue of performing effectively.  In some cases, this occurs; in others, it does not.  To the extent the cognitive processing and restructuring attendant to performance are required or desired, we must identify EPSS structures and features that promote both learning and performance.

TRIAD’s Focus.  As noted earlier, one of the first decisions that the TRIAD development team had to confront was the learning vs. performance goal requirements.  In addition to helping the author produce high-quality product sets, should TRIAD increase the authors’ knowledge of instructional design, technical writing, performance support, etc.?  Indeed, previous work in this area has spanned the range of possibilities on this question. For example, Tennyson (1993; Elmore & Tennyson, 1995) explicitly set about to develop an EPSS that would enable authors to gain more instructional design insight as it attempted to support their fledging instructional design efforts.  That is, it attempted to embody the approach mentioned earlier as scaffolding.  In describing his work, Tennyson (1993) noted, “Although ISD Expert cannot be considered a means for teaching ISD, the very nature of the system’s philosophy, which assumes that authors will gain knowledge with experience, will result in continuing improvements in ISD applications.”

In a later description, Elmore and Tennyson (1995) describe the Integrated Courseware Engineering System (ICES).  They postulate the ICES would operate in three modes: Tutor, Coach, and Consultant.  The tutor mode would be more prescriptive and function over a narrower range of problems.  However, as the author gained experience (and, presumably, competence), the system would act more like a coach, and then a consultant.  Within these modes, more experienced authors would exercise more direction over the design process and the system would only step in to offer advice and assistance with rare or unique instructional design problems.

An alternative approach is offered by Merrill (1993; Cline & Merrill, 1995).  Merrill’s goal is to increase instructional design efficiency, not to increase the instructional design competence of a group of users.  To enable subject-matter experts and other instructional design novices to efficiently create high-quality instruction, Merrill developed the ID Expert.  ID Expert uses Merrill’s notion of instructional transactions
 to create templates (transaction shells) that can be populated with domain knowledge: “Instructional transactions implicitly provide instructional design principles for the content being presented due to their inherent structure to teach different types of knowledge” (Cline & Merrill, 1995).  Within Merrill’s approach, independent author performance is never a goal.

The TRIAD approach is more akin to Merrill’s approach than Tennyson’s.  This was a pragmatic design decision based on the nature of the user population.  TACMEMOs are written by middle grade officers with operational experience relative to the assigned tactical project warfare area.  These individuals possess a minimum of a bachelor’s degree and at least some computer skills.  Some, but not all, individuals may have instructional skills if previously assigned to a training or instructor billet.  Project officers are temporarily assigned to TACMEMO development commands.  When their tour of duty is up, they will move on to other duties.  While with the development command, a given project officer is likely to develop only one or two TACMEMOs.  Within this framework, we must assume dependence and build a system that appropriately structures the author’s performance.

Within TRIAD, the majority of development will occur through the use of implicit templates.  That is, the templates are used to guide an interview with the author and to organize the resultant content.  This approach has the benefits of Merrill’s template approach, while masking much of the complexity from the author.  It ensures a high level of compliance with theoretically sound instructional design principles without requiring the author to master those principles. 

III. Bootstrapping Knowledge with Performance

 Generally, EPSS performance is contextually rooted in real world versus classroom settings.  Performance is scaffolded via on-line support tools ranging from explicit direction through explanations of the knowledge and skill required of the task. Knowledge and skills are not taught with the goal of subsequent transfer to work tasks; they are anchored within the performance itself.  They are not isolated from the contexts in which they have meaning for a given task; rather, they are embedded naturally (Stevens & Stevens, 1996).
It is important to note that cognitive skills may be acquired by performing EPSS-facilitated tasks. Smith and Unger (1997) described “conceptual bootstrapping” where new interpretations and understandings derive from experiences garnered from learning in realistic contexts; that is, understanding is deepened through the strong contextual referents associated with performing “real” tasks.  For EPSSs, this could be an important windfall, since by design they situate cognition authentically.

Though intuitive and widely assumed, in practice the presumed learning assumption has rarely been scrutinized.  Indeed, the reverse may occur.  Some have voiced concern that the narrowness of many EPSSs may obscure the relevance and potential further applicability of knowledge and skills.  Rather than employing the rich context to make apparent the knowledge and skill relevance, EPSSs may focus so intently on “doing” that users invest few or no cognitive resources to understand (Gavora & Hannafin, 1995).  Instead of deepening understanding by bootstrapping knowledge and skills, such systems signal that understanding is not important, and users invest cognitive resources accordingly (c.f. Hannafin et al, 1996).

It is apparent that EPSS features can influence user perception of both the importance of anchored knowledge and skill as well as the success or failure of performance itself. The same features have the potential to amplify or minimize the perceived importance of such knowledge to the user.  It is not clear whether cognitive bootstrapping is feasible in the design of EPSSs that must promote performance.  

TRIAD’s Focus. TRIAD provides one example of a system that must promote performance.  As noted earlier the TRIAD team knowingly decided not to bootstrap authoring knowledge with performance.  Rather, since authors have little need for long-term understanding of instructional design principles, these principles are "hidden" behind an interface designed to support efficient production.

On the other hand, long-term knowledge is a requirement for TRIAD readers.  Here, bootstrapping by performance is not only possible but essential.  To accomplish this goal, TRIAD provides ample opportunities for readers to apply their knowledge in realistic situations.  These practice and assessment activities are an important additional to current TACMEMOs.

IV. Knowledge as "Tool"? The Transfer Paradox.  

We know far more than we understand; indeed, there is no compelling reason to understand fully many of the things we know.  Such information has been described as "inert".  Inert knowledge has little utility for subsequent learning or performing as it is often learned for very specific purposes. For many, a great deal of formal education involves the acquisition of inert knowledge in order to meet specific test requirements or remember particular information.  While such learning may be an especially noble goal for either student or teacher, the consequences are generally limited to the individual’s personal and academic learning endeavors.

In other cases, however, there is a clear requirement that knowledge and skill will be transferred to progressively more complex learning and/or performing tasks.  Sometimes transfer expectations are well known and discrete, such as the adaptation of tactics to new weapons systems whose structures and features mirror earlier systems. For the application of prerequisite knowledge and skill in well-defined domains, the results are encouraging. “Low-road” tasks involve routine application of knowledge and skill under relatively straightforward circumstances.  Near transfer tends to be relatively successful using traditional bottom-up, hierarchical approaches (Hooper & Hannafin, 1991). 

At other times, the transfer requirements are important but not explicit or known initially. Many important tasks are complex by their nature. Compelling evidence suggests that transfer of knowledge or skill to qualitatively different problems, contexts or domains is inconsistent at best and problematic at worst (e.g., Greeno, Smith, & Moore, 1993).  Traditional bottom-up approaches are largely ineffective for performances requiring critical judgments --those where effective performance is most important and valued (Hannafin, 1992). “High road” tasks, where the reasoning and cognitive complexity demands require the greatest interpretation, evaluation and judgment, are both critical to situational problem solving and much more difficult to promote.  Knowledge, skill and situativity are more conditionally linked in complex tasks, making the selection and deployment of specific actions difficult to anticipate in advance, much less to teach or train.

Technology-enhanced EPSSs may offer an alternative.  Pea (1985) suggested that technology both causes individuals to reorganize mental processes to accommodate variations as well as allows users to alter the tasks themselves in an attempt to engage concepts more deeply.  Transfer metaphors and models may be reconceptualized by approaches that do not segregate knowledge and skill from context. Both the learning presumed shaped by education and training approaches, requiring initial acquisition and subsequent application, as well as the mental processes engendered by technology facilitation, may promote knowledge, skill and performance that is fundamentally more contextually sensitive and transferable.  To the extent both learning and performance are valued, EPSSs may provide a different type of learning activity, one characterized more by manipulation than accumulation, and more by construction than compilation.

Despite the dominance of traditional teaching-learning models in military education and training, transfer to workplace settings has proven elusive. The metaphor of knowledge as tool has become increasingly popular in depicting the utility (or lack thereof) of knowledge.  Knowledge as tool involves the ability to retrieve relevant background and skills, to analyze their relevance to given circumstances, to transform knowledge with the introduction of new information, and to deploy it successfully in learning and/or performing settings (Jonassen & Reeves, 1996).  It requires organization, integration and understanding beyond simple knowing.


TRIAD Focus. To a large extent, far transfer is not an issue within TRIAD.  Generally, TACMEMOs are written to address specific issues; their contents pertain to a given issue and transfer beyond that issue is seldom required.  However, it is vitally important that TRIAD support near transfer.  That is, when a situation arises, the reader must recognize that it falls within the class addressed by a given TACMEMO and respond accordingly.  To support this form of situated recall, the TRIAD interview has been informed by contemporary conceptions of situation assessment and decision making (e.g.,Zsambok & Klein, 1997).

V. Complexity and Usability Tradeoffs

 EPSS systems have evolved into larger and more complex environments.  They offer a myriad of on-line resource options (e.g., layers of menus and options) as well as layered advice and task structures.  Laffey (1995) outlined dynamic EPSS system features that marry the best of technological capabilities with the automatic building of tools, artifacts, and strategies. He suggests that dynamic, intelligent design features can create a robust EPSS providing just-in-time support and guidance in contextually rich environments.  While authorities describe the current trends in design that have influenced EPSS evolution, little attention has been given to prescribing such design features or how to combine them to meet learning and performance expectations.  

Usability has proven another barrier to effective EPSS design and use. While EPSSs can be highly effective as a means of providing users timely and relevant information, it is often no simple task to use one. Users tend to defer to their peers for support, and are often unwilling to make use of the online help facilities that the programs themselves offer. Others have reached similar conclusions across corporate as well as traditional school settings. EPSSs will not be used at all, much less effectively, if the features are not readily understood or do not address key cognitive as well as procedural performance demands.

TRIAD’s Focus.  A second EPSS design dimension described earlier was the tension between providing extremely capable, but complex EPSSs on one hand, and simpler, but more usable, systems on the other. With this in mind, TRIAD developers have chosen to emphasize usability.  Again, several reasons can be cited.  TRIAD would dramatically change the way TACMEMO authors did business; for many, this alone would be difficult for them to accept.  If TRIAD was difficult to use, the quality of the potential product set would be immaterial; authors would simply not use the tool and would not produce product sets.  As a result, the potential would never be realized.  However, if the initial product was easy to use and thus demonstrated its value, the authoring community would "pull" for expanded capabilities.  Therefore, we are initially producing asimpler product.  As it proves successful, there will be ample opportunity to expand its capabilities.  

In addition to weighting the design decision towards usability, the TRIAD development team adopted a user-centered development approach.  This included an early needs analysis to ensure that the developed functionality was useful, as well as on-going formative evaluations to ensure that it is usable.  A spiral design approach ensures that as opportunities for improvement are identified, resources will exist to capitalize on them.

VI. Dedicated v. Flexible Tools
The increase in just-in-time support and contextual relevance has blurred many traditional distinctions between classroom and field-centered training and education.  Considerable interest has been expressed in optimizing the flexibility and utility of systems traditionally designed to support multiple functions. In principal, EPSSs are ideally suited to support on-demand performance in authentic work contexts. Technology instigates the elusive “teachable moment”—situations optimal to understanding, while extending the “zone of proximal development”—wherein the capacity to understand is supported beyond the individual’s independent capabilities (Salomon, Globerson, & Guterman, 1989; Salomon, Perkins, & Guterman, 1991).  EPSSs situate users in the “performable” moment, involving authentic problems and tasks; technology scaffolds and facilitates performance while potentially, but not necessarily, deepening understanding.  The hope is to extend the design technology to address learning and performance under controlled training and education contexts. This could provide significant versatility and power to EPSS designs.

In contrast, some EPSSs are so narrowly defined that exceedingly limited information and functions are made available.  This may result in users’ needing to access external resources for task completion or making poorly informed decisions without the benefit of needed on-line support or job aids. Neither performance nor learning has been supported; indeed each has been complicated. 

TRIAD’s Focus. The TRIAD delivery environment must support a range of performances, including third-party explanations of the tactic.  That is, often one individual aboard a ship or other command is asked to "brief" the TACMEMO to others.  Briefing the tactic is one of the most common tasks for our users. It is also one of the most important; the brief may be the only exposure many of their shipmates have to the tactic.  Unfortunately, it is also one of the most error-prone tasks.  The briefers must communicate the tactic to others, but they often lack needed background in instructional design and communication.  Moreover, unlike the authors, the briefers often may not even be experts in the tactic.

Clearly, explaining the tactic is a different task than performing the tactic.  As such, TRIAD provides different tools to support performance.  Within TRIAD, we provide a well-constructed, performance-oriented brief that briefers can use as-is or tailor to fit their immediate situation.  By providing a solid foundation to the training session, we increase the likelihood that the third-party brief is true to the original TACMEMO.

Closing Comments

Many education, training and support functions have, or will soon be, been transformed by resource-based, knowledge object technologies.  In a sense, even the phrase “learning object” unduly limits the potential utility of a resource, since it suggests that re-use aspects will be learning focused.  This may or may not prove to be true; certainly, in TRIAD’s case, it is not.  TRIAD’s conceptualization of knowledge objects is more inclusive and cross-function, linking families of resources both within and beyond a given system.  At its topmost level, knowledge object technology makes possible the most open of open system design.  Will we capitalize on such openness or attempt to cordon off segments and claim them as our own?

It remains to be seen whether or not we ultimately open rather than segregate teaching-learning-training uses of digital resources.  The ISD field has a rather dim recent history in its reluctance to pursue or embrace approaches energized outside the walls of its traditional nuclear community.  Knowledge object technology, however, portends change of a very different kind; it is a pragmatic imperative rooted in neither philosophical underpinnings nor epistemological beliefs about the nature of understanding. It seems inevitable that systems designed to optimize the value of any given resource between and among use functions will continue to emerge—with or without the leadership (or compliance) of the traditional instructional design field.  The decision is ours—individually and collectively.  
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Table 1. Characteristics of a resource-based EPSS
	Feature
	Description
	Instantiation in TRIAD

	Resources

Information objects represented in the system

	Static
	Stable objects
	Training manuals, reports, videos

	Dynamic
	Changing objects
	Knowledge objects

	Contexts

Where/how performance is situated

	Induced
	Real or virtual
	Does not apply

	User-defined
	Individual determines what problem and/or need to address 
	Does not apply

	Imposed
	External agent
	Tactic defined externally; author developed TACMEMO; readers/users implement

	Tools

Enablers for locating, accessing and manipulating resources

	Searching
	Find
	Controlled author/user access to user different document section(s)

	Processing
	Gather and structure
	Notes; bookmarks (specific to tactic requirements)

	Manipulation
	Test and refine
	Practice and assessment

	Communication
	Share information
	Feedback; performance evaluation

	Scaffolding

Guides for the process

	Conceptual
	Identify relationships
	Alternative explanations; “fit” between given tactic and related fleet operations 

	Metacognitive
	Identify what you know
	Background procedures minimize cognitive demands on author

	Procedural
	Navigation and logistics
	Help system and tool tips; controlled access via table of content

	Strategic
	Alternative perspectives/approaches
	Varied forms of support provided to author in the form of guidance, examples, sample TACMEMOs, etc.
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Figure 1: Partial TRIAD Knowledge Object Taxonomy
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Figure 2: Knowledge Object Packaging Process
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Figure 3: Individual Knowledge Object
� Often, even this minimal guidance is violated.


� An instructional transaction is a “complete sequence of presentations and reactions necessary for the student to acquire a specific type of instructional goal” (Cline & Merrill, 1995).





