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EXECUTIVE SUMMARY


The Naval Air Warfare Center Training Systems Division (NAWCTSD) has comprehensive simulation and training systems responsibilities, ranging from research and technology base development in the Human Performance Research Area through training system acquisition and life cycle support. NAWCTSD is unique in this integrated role because it conducts research to understand and improve human performance; specifies the training device's engineering, instructional, and operational requirements; selects the contractor; evaluates the trainer as it is being built; and ensures the trainer can be properly operated and maintained in the field. In addition to its mission as the principal Navy activity for development of training systems, NAWCTSD provides services for the Marine Corps, Army, Air Force, other agencies, and foreign governments.


NAWCTSD's research mission is to plan and perform a full range of directed Research and Development (R&D) in support of naval training systems for all warfare areas and platforms, to maintain an expanding technology base, and to transition research results to the fleet.  R&D program emphasis is on fleet and training command requirements, rapid transition of products, industry/university coordination, coordination with other services, and improved quality and cost effectiveness of products. 


The Navy's Science  and Technology (S&T) Strategy developed by the Office of Naval Research (ONR) provides the direction for leveraging advances in knowledge and technology under the Discovery and Invention (D&I) program, and for demonstrating new technologies under the Future Naval Capabilities (FNCs) program.  Needs for naval service training systems are generated by new weapon system developments, by modifications to existing weapon systems, and by fleet requirements for new training systems and capabilities to satisfy specific training tasks. 


In recent years, along with significant increases in the complexity of weapons systems, have come increasing requirements for more advanced simulation and training technology.  The Navy's S&T Strategy attempts to strike a balance between the push to develop new products that comes from scientific discoveries and inventions and the pull to develop new products based on operational requirements.  Thus, the R&D program at NAWCTSD is partitioned among improvements in highly specialized areas of simulation, training methods, and training technology, and direct technical support to the training systems acquisition effort to reduce risk and cost.

    
The majority of the work undertaken is funded by ONR and organized into focused, integrated groups of research projects aimed at developing supporting technologies for the FNC part of the Navy S&T Strategy.   There are currently twelve FNCs.  NAWCTSD is primarily involved with the Capable Manpower FNC, which focuses on fielding fully prepared Sailors and Marines capable of fighting and winning in an information rich, distributed firepower battle-space using human-centered hardware and systems.   


All categories of research funding (6.1 through 6.5) may be involved in developing supporting technologies for the Capable Manpower FNC.  However, applied research (6.2), where innovative technologies and methodologies are developed, and advanced technology development (6.3), where proof-of-concept is established, are the primary developmental components. 


Early advances in selected areas of knowledge or technology are pursued under the Discovery and Invention part of the Navy S&T Strategy, with ONR-funded basic research (6.1) and applied research (6.2) as the primary components.  Additional efforts include cooperative and collaborative research with other government agencies, non-profit institutions, and commercial firms.  


Several Cooperative Research and Development Agreements, and Cooperative Agreements are currently in effect.  These agreements provide for the transfer of technology developed in federal government laboratories to the private sector.  By sharing Navy training research, the public will benefit in having improved education and training.  The Navy also receives valuable information in the exchange of information and resources.

The scientists and engineers at NAWCTSD work closely together to promote transitions of promising technology and to resolve problems that occur in acquisition programs or with fielded trainers. R&D is conducted in the following Topic Areas: 

· Modeling and Simulation to better represent dynamic human performance and automate instruction, to improve the behavioral realism of computer generated forces, to develop intelligent agents to support training, and to increase the effectiveness of training in virtual environments; 

· Instructional Strategies for scenario-based and on-the-job training, and for mentoring, coaching, and knowledge management; and Advanced Distributed Learning to develop the learning technologies and assessment tools for individuals and large distributed teams; 

· Performance Enhancement to improve readiness, to provide computer support technologies for advanced job aiding using interactive electronic technical manuals and intelligent tutoring, to develop measures of training effectiveness and human performance, and to provide input to the design of human-centered systems; 

· Basic Research to acquire the knowledge to lay the foundation for human systems applications; and Laboratory and Field Research to determine the degree to which new technologies may be applied in the design and procurement of innovative training systems.

This brochure is divided into four sections: (1) Capable Manpower FNC, (2) Discovery and Invention, (3) Technology Transition and Transfer, and (4) Ancillary Funded Tasks. Brief summaries of the FY02 R&D efforts can be found under each section.  Please contact the Science and Technology Office (407/380-8376) for more information on the overall R&D program.  For more information on the individual research tasks, please contact the lead scientist or engineer for identified groups of projects, or the principal investigator shown with each task summary.  The summaries are also available on NAWCTSD’s home page at https://cws.ntsc.navy.mil.

CAPABLE MANPOWER FUTURE NAVAL CAPABILITY (FNC): 

FOCUSED AND INTEGRATED GROUPS OF RESEARCH PROJECTS


The purpose of the Capable Manpower FNC is to develop and transition technologies that support the Chief of Naval Operations, the Commandant of the Marine Corps, and their shared vision for the Service. The goal of Capable Manpower is to place the right warfighter in the right job at the right time with the right tools.  The Capable Manpower Integrated Product Team has identified three Enabling Capabilities: (1) Acquire and place Sailors and Marines, (2) Design warfighter-centered systems, and (3) Equip personnel with mission-essential competencies.  The first enabling component focuses on personnel management; the second, on human-centered design; and the third, on training Sailors and Marines.  These components provide overall guidance and direction for the R&D conducted in this program area.


This fiscal year, NAWCTSD is initiating an integrated group of research projects for a number of supporting technologies that contribute to the Design and Equip Enabling Capabilities of the Capable Manpower FNC.  These groups of projects currently include research efforts that range from 6.1 basic research to 6.3 advanced development efforts, but in the future may also include transition funding under 6.4 and 6.5 categories of research as the technologies mature.  The overall focus of the research is on providing science and technology solutions that will enable Naval forces to have fully prepared Sailors and Marines to fight and win in an information-rich, distributed firepower battle-space using human-centered hardware and systems.   


The general objectives of the groups of research projects are to conduct proof-of-concept demonstrations, risk reduction developments, and training/cost-effectiveness investigations in education and training technology. This program area is a continuing effort to improve fleet readiness through development, demonstration, and transition of simulation and training device technology to acquisition programs and the fleet.


The research underway to develop supporting technologies for the Capable Manpower Capability are organized into four focused and integrated groups of projects or product lines: Objective-Based On-the-Job Training, Advanced Distance and Distributed Learning, Virtual Technologies and Environments, and Advanced Interface Design and Training Capability.  


The integrated research being conducted under the four product lines at NASCTSD and the associated projects that will develop supporting technologies are described on the following pages.

Objective-Based On-The-Job Training

On-the-job training (OJT) has always been vital for converting sailors' schoolhouse knowledge into practical workplace application, and for upgrading their skills when new technology and new practices come on line.  However, current policy trends will put great stress on the currently informal system of OJT.  

For example, budgets for shore-based training are decreasing, such that future sailors may arrive at their first Fleet assignment with only an introductory-level knowledge of their rating.  These sailors will rely on workplace mentoring, coaching, and feedback to provide them with the specific knowledge and skills they need to do their job.  At the same time, the size of future ship crews will be significantly smaller as the Navy intends to rely more extensively on highly reliable and complex automated systems to perform functions now carried out by live sailors.  As a consequence, the knowledge and skill requirements for sailors working on future platforms will be significantly higher. 

The current OJT system was intended to supplement formal schoolhouse training; and it assumes the willingness and ability of an experienced, technical cadre to take on the task of OJT instructors as part of their supervisory role.  A smaller, less specialized crew means that future ships will have less staffing to manage a significantly greater instructional burden.  New personnel will have limited access to more experienced shipmates who can provide OJT.  These circumstances dictate OJT be improved and that the OJT process be integrated into a comprehensive network of resources designed to support the learning, job performance, and advancement of the individual sailor.  The Objective-Based On-the-Job Training product line of the Capable Manpower FNC will help the Navy to meet these goals.  

More specifically, a series of tools, strategies, and technologies will be developed to provide sailors with the capability to train using appropriate learning methods while deployed. Explicitly stated training objectives will be used to systematically link these tools, strategies, and technologies; hence the product line title, “Objective-Based On the Job Training.”  

The project summaries described in the following pages detail the R&D that will be conducted to develop and test OJT products.  As an organizing framework, the projects are grouped into three categories. The first category includes four projects contributing to the development of products that support effective developmental interactions among sailor dyads and objective-based mentoring (e.g., mentoring relationships, coaching sessions, transfer of lessons learned).  The second category includes two projects contributing to the development of products that provide performance support and training for individual OJT (e.g. electronic job aids and intelligent tutors).  The third category includes four projects contributing to the development of products supporting embedded simulation-based team and multi-team training. 


IMPROVING NON FACE-TO-FACE DEVELOPMENTAL INTERACTIONS

BACKGROUND: Internet access on board Navy vessels is likely to increase the degree to which individuals mentor, coach, and share lessons learned with one another without ever meeting face-to-face.  However, little research has been conducted to examine the processes and outcomes associated with non face-to-face developmental interactions such as “distance mentoring.”  It has been argued that non face-to-face communication can have impacts on psycho-social variables as well as information exchange.  Specifically, research has shown that non face-to-face communication can lead to misunderstandings, reduced inhibitions, participation equalization, reductions in status and authority effects, and changes in decision-making processes.  However, no published empirical studies have investigated the impacts on non face-to-face communication modes (e.g., phone, Video Teleconferencing, electronic chat) on the processes and outcomes associated with mentoring relationships.

OBJECTIVE: This 6.1 research task will conduct experiments designed to examine the impact of various modes of communication (e.g., face-to-face, electronic, VTC, electronic chat) on developmental functions (e.g., psychosocial, career development) and outcomes (e.g., learning, satisfaction, trust) resulting from mentoring relationships.  Additionally, strategies for improving non face-to-face developmental interactions will be developed and tested.

BENEFITS:  It is expected that the results from this research will transition in the form of guidelines, tools, and strategies for improving non face-to-face developmental interactions.

STATUS:  New start.
STRATEGIES FOR LEARNER SELF-REGULATION ON THE JOB

BACKGROUND: Recent research on meta-cognitive abilities (i.e., awareness and control of one’s own cognitive states and learning efforts) and goal-oriented dispositions (i.e., focus on mastery of processes or performance outcomes) suggests that these trainee characteristics are significantly related to learning outcomes.  Specifically, those who engage in self-regulatory or meta-cognitive activities during training have been shown to achieve higher scores on tests of learning and to perform better on generalization tasks.  Additionally, the construct of goal orientation, originally used in educational contexts, has been shown to account for variance in learning outcomes associated with employee training.  

While trainees’ meta-cognitive activities and goal orientations during training have been shown to correlate with relatively stable individual differences, recent studies have also shown that features of the training environment can positively influence these variables.  Specifically, process-oriented goals and feedback strategies have been shown to increase trainees’ state of mastery orientation, while techniques involving guided reflection have been shown to increase meta-cognitive activity.  These same learner strategies may also enhance on-the-job training.  However, little empirical research has been done to examine this notion.

OBJECTIVE: The objective of this 6.2 research is to test the effectiveness of strategies and tools for improving learner self-regulation during on-the-job training.

BENEFITS: It is expected that the results from this research will transition to applied R&D efforts in the form of guidelines, tools, and strategies that can be made available to Fleet personnel on-the-job.

STATUS: New start.
PREDICTING EFFECTIVE DEVELOPMENTAL INTERACTIONS

BACKGROUND: Research has indicated that the effectiveness of developmental interactions on the job (e.g., mentoring, coaching) can be influenced by variables such as the gender and race of the two parties involved, or the formality under which the relationship is developed.  Researchers are also beginning to examine whether peer mentors can provide some of the same mentoring functions that hierarchical mentors provide.  In fact, some have argued that peers may actually be better than hierarchically senior coworkers at providing certain mentoring functions.  Thus, further research is needed to determine which mentors and protégés should be paired to optimize learning and satisfaction given different developmental purposes.   

OBJECTIVE: This 6.2 research will conduct a series of experiments to examine predictors of effective developmental interactions.  These experiments will also examine moderating conditions (e.g., face-to-face or Internet communication) that may affect when these predictors are important.  Finally, different types of developmental interactions that vary in their purpose (e.g., organizational socialization, certification) and structure (e.g., formal versus informal) will be examined.  
BENEFITS:  The results from this research are expected to produce guidelines that will aid organizations in structuring their on-the-job training to maximize the benefits of developmental interactions among employees. 

STATUS: New start.
DEVELOPMENT OF A WEB-BASED SYSTEM FOR

MENTORING, COACHING, AND KNOWLEDGE MANAGEMENT

BACKGROUND: Current events are putting great stress on the somewhat informal system of on-the-job training (OJT).  Decreasing budgets for shore-based training are placing greater reliance on mentoring, coaching, and intra-team feedback processes to diagnose developmental needs and objectives on the job and to ensure that those objectives are fulfilled.  At the same time, reduced manning goals mean that future ships will have less redundant staffing, and that newer and less experienced personnel will have less access to more experienced shipmates who can provide the OJT they need.  Therefore, the Navy’s methods for OJT must become much more organized, efficient and effective.  

For example, methodologies and technologies must be developed to aid sailors in tapping one another’s unique expertise and talent through developmental interactions on the job.  These developmental interactions may vary in their purpose, duration, and frequency, as well as the degree to which they are formalized and the context in which the interaction takes place (e.g., intra-team coaching, electronic “distance mentoring”). 

OBJECTIVE: This 6.3 project will develop a web-based system to aid Navy personnel in meeting their developmental objectives on-the-job.  The system will be designed to locate other Navy personnel who can best provide them with the mentoring, coaching, and lessons learned that they need; and to provide tools, guidelines, and strategies designed to optimize the effectiveness of those developmental interactions.  

Two major components or modules will comprise the system being developed. The Locator Module will aid users in specifying their developmental objectives, perform a database search to identify individuals with the requisite expertise to satisfy those objectives, and make recommendations as to which of those individuals are likely to be a more effective source. The Tutorial Module will provide users with recommendations for optimizing the effectiveness of developmental interactions with other Navy personnel.  

BENEFITS:  The proposed system is expected to result in more effective developmental interactions on the job as measured by increases in learning and satisfaction.  In addition, the new system is expected to allow for a more efficient exchange of critical lessons learned among navy personnel as they receive unexpected mission requirements.  Ultimately, more effective on-the-job development, facilitated by the new system, should enhance the transfer of classroom training as well.

STATUS: New start.

NATURAL LANGUAGE FOR MAINTENANCE TRAINING AND SUPPORT

BACKGROUND: Although artificially intelligent tutoring systems, in general, and troubleshooting tutors, in particular, have been able to demonstrate striking improvements in trainee achievement, they still fall short of the effectiveness of one-to-one human tutoring.  A key area of limitation of these artificial systems is in their ability to use natural human language – to truly understand the questions that a trainee is asking and to generate responsive and comprehensible answers and explanations.  This is a particularly important component in the development of hands-free interfaces for interactive electronic technical manuals (IETMs) for maintenance technicians.  

OBJECTIVE:  This 6.1 research task addresses the development of spoken language interfaces for IETM systems.  It involves the creation of a knowledge base that captures domain-specific information needed to configure the system for communication with humans and with the underlying application.  

The approach to be used in this task moves beyond a simple mapping between spoken words and visible graphic user interface elements and attempts to capture the characteristics of the underlying task that users are performing. Thus, this approach will allow users to communicate directly with the IETM in terms of the concepts describing their activity and to relieve them of the burden of traditional computer interactions (e.g., searching, typing, etc.). In addition to addressing research issues associated with natural language processing and performance support, this task will also address additional interface issues for IETMs such as readability, use of diagrams and figures, and interaction alternatives.
BENEFITS:  The results of this research will have direct applicability to the development of advanced performance support tools for Navy maintenance technicians.  In addition to benefiting several upcoming research efforts directed at the development of advanced IETMs, this research supports the Navy’s goal of moving to a paperless environment.  In order for that goal to be reached as effectively as possible, basic research addressing interface design issues and human performance is key.

STATUS:  New start.

MAINTENANCE/INTERACTIVE ELECTRONIC TECHNICAL MANUALS

BACKGROUND:  For many years, the Navy has pushed the concept of a paperless ship.  On the forefront of this push is the movement of technical manuals to electronic form – either electronic technical manuals (ETMs) or interactive electronic technical manuals (IETMs). Currently, the perception exists that IETMs can augment or even replace training; however, automated technical documentation alone does not constitute training.

OBJECTIVE:  The purpose of this 6.2 research is to investigate the use of IETMs as they relate to training and job aiding and to develop a prototype IETM application to demonstrate advanced training/job aiding technologies. 

BENEFITS:  The expected payoff from this research is improved IETM guidance to enhance training and job aided performance. This program will produce an integrated and open software system (Personal Knowledge System, or PKS). This system will serve both the training and aiding requirements, facilitate the identification and presentation of static graphical and textual information, generate graphical displays and verbal dialogs from device models and task models, and adapt the user interface to suit the needs and abilities of the user.

STATUS: The PKS development and delivery system has progressed to satisfy a very broad range of training and performance aiding requirements.  The final year of this program will focus on the insertion of an intelligent tutoring simulation, Diagnostic Instruction and Guidance (DIAG), into the PKS. The addition of diagnostic intelligence to the PKS system will assist field technicians in fault isolation tasks.  DIAG can graphically illustrate how various failures affect the behavior of the target system.  At the conclusion of the program, three PKS applications will be available for use in learning or maintaining the S-3B nose landing gear steering system.

MEASURING, PREDICTING, AND DEVELOPING 

SHARED COGNITION IN TEAMS
BACKGROUND:  Continual team member turnover can have a negative impact on readiness.  It is not uncommon for a team of individuals to go through a 6- to 12-month pre-deployment work-up together only to be disbanded in whole or part prior to deployment.  Such inconsistent team membership can be expected to result in greater coordination conflicts due to the absence of shared team-related knowledge, or shared cognition.  Shared cognition has been defined as knowledge that is shared among team members that has the potential to help team members to anticipate one another’s behavioral and informational needs, and to enable team members to approach tasks from a common frame of reference.  Deficiencies in shared cognition are thought to be responsible for decreasing performance effectiveness, efficiency, and safety. 

OBJECTIVES:  The objectives of this 6.2 research are to: (1) determine relative strengths and weaknesses of various methods for measuring shared cognition, and (2) empirically specify linkages between components of shared cognition, multiple dimensions of teamwork, and performance.  Antecedents of shared cognition will also be identified, including individual and environmental variables as well as strategies related to the development of shared cognition.

BENEFITS: Deliverables of this effort will include practical, validated shared knowledge measurement tools, guidelines for diagnosing deficiencies in shared cognition based on specific coordination breakdowns, and validated strategies for fostering shared cognition in teams. Findings on the relationships among individual difference and contextual variables also may be used to inform decisions regarding staffing policies (e.g., selecting replacement teammates).

STATUS: In FY01, an experiment was conducted to examine the psychometric properties of a manual and a computerized version of a card sorting task designed to assess individuals’ mental models of teamwork.  Results indicated that individuals with more accurate teamwork mental models adopted a grouping strategy based on abstract processes rather that contextual features, were more concise in describing teamwork dimensions, and were more consistent in representing their teamwork knowledge across two administrations of the measure.  No differences were found between the different versions of the card sorting task

Other analyses were performed on measures of shared cognition collected previously from air traffic controllers.  Psychometric properties of various measurement methods within this archival data set (e.g., internal consistency, construct and predictive validity) were examined and refinements to the methods were made.  Finally, the refined methods were used to develop measures of shared cognition within Navy air traffic control teams and a web-based data collection tool was created for use in an experiment to be conducted in FY02.  The purpose of the experiment will be to link various components of shared cognition to teamwork processes (e.g., communication) and performance outcomes (e.g., accidents).
INTELLIGENT AGENTS FOR OBJECTIVE BASED TRAINING 
BACKGROUND: Researchers and developers of Intelligent Tutoring Systems (ITSs) have demonstrated dramatic improvements in learning in traditional academic, static domains.  ITSs apply advanced cognitive modeling and diagnosis to develop objective-based instructional materials “on-the-fly” that are tailored and adaptive to each student.  The primary objective of this research task is to extend the technologies and approaches used in current ITSs to support objective-based training in dynamic, operational contexts.  Several fundamental differences between academic domains and operational domains must be addressed.  Some of those differences include scenario-driven versus student-driven pacing of the problem-solving activities and the existence of multiple expert problem-solving approaches coupled with a lack of explicit, objective evaluative criteria.  Research is needed to help determine the most effective means to develop and provide feedback in a scenario-based training environment. 

OBJECTIVE: The primary objective of this 6.2 research task is to extend the ITS and human behavioral representation (HBR) work by using both mathematical and cognitive modeling techniques to support the development of intelligent agents that can diagnose and remediate individual taskwork (i.e., job) skills in simulation-based training systems.

BENEFITS: This research task is expected to improve the effectiveness of embedded simulation-based team training.  More specifically, this task will result in guidelines for the implementation of different types of cognitive and mathematical performance models to support automated diagnosis and remediation of individual performance during scenario-based training.  These guidelines may also be used to:  (1) help developers of future embedded training systems identify the most cost-effective type of HBR for generating effective feedback; (2) provide guidance for the format in which this feedback should be presented to the trainee; and (3) improve and enhance the effectiveness of team trainers.

STATUS: New start.
AUTHORING TOOL FOR THE RAPID DEVELOPMENT 

OF HUMAN PERFORMANCE MEASURES

BACKGROUND: As pressures to reduce exercise support staff and increase training/cost effectiveness continue, the need for tools and techniques, such as those which support performance measurement and diagnosis in embedded simulation-based team training, will become even more acute. It is believed that some training objectives may be best assessed using automated data collection systems. Instructor ratings, however, will still be critical to the process of diagnosing training deficiencies and providing developmental feedback in conjunction with embedded simulation-based training. 

Historically, the development of reliable and valid instructor rating tools has represented a significant challenge to Fleet instructors for whom such tasks are a collateral duty, and who often have no background in measurement techniques. Fortunately, several recent ONR-funded programs such as Tactical Decision Making Under Stress, Maintaining Self-training Teams At Sea, Shipboard Instructor Training and Support, and the Advanced Embedded Training System have generated principles and guidelines for the development of reliable, valid, and diagnostic measures of performance.  If the lessons learned from these research efforts can be synthesized and instantiated in the form of a computer-aided authoring tool, Fleet personnel would be given the flexibility of developing new performance measures underway.   

OBJECTIVE: The objective of this 6.3 project is to develop an authoring tool for the rapid development of human performance measures.  This tool will serve as a job aid/tutor to guide Fleet personnel in developing their own measures of individual, team, and multi-team performance.  

The system will aid the user in clarifying the nature of the desired training objective.  For example, what level of analysis is appropriate? Is the objective an outcome or a process?  Probing questions such as these, together with definitions and rules of thumb, will lead the user to conclusions about what they wish to measure.  Based on these specifications, the system will recommend appropriate methods for measuring the desired training objective.  For example, is a frequency count most appropriate? A checklist? A numerical scale?  Finally, templates for scale formats will be provided with the recommendations.  The user will be given the ability to adapt the sample measures to the specific content of their particular task domain and to print hard copies for manual use or copy files electronically to a hand-held computer or palm pilot.
BENEFITS:. It is expected that the new authoring tool will allow Fleet personnel to develop more reliable, valid, and diagnostic measures of performance.  Ultimately, the feedback provided based on these measures should be of greater learning value and improve readiness.

STATUS: New start.

INTELLIGENT AGENTS FOR REAL TIME SCENARIO MODIFICATION

BACKGROUND: Advancements in Modeling and Simulation (M&S) technology have provided an ever increasing capability to conduct distributed, large-scale exercises in simulated environments, but there has not been a commensurate effort to develop technologies that will maximize the potential training and learning value of such M&S systems.  One area that is in need of attention is real-time exercise management.  The capability to develop and control complex joint training exercises by modifying exercises based on prior and dynamic performance of the training audience should increase learning efficiency and effectiveness. The current process is a time consuming and cumbersome method for planning, conducting, and managing a real-time exercise.  More importantly, it does not foster pedagogically sound methods for training in the M&S system. Therefore, a need exists for development and demonstration of technology that will optimize learning by facilitating real-time exercise control and performance data collection.

OBJECTIVE: The objective of this 6.3 effort is to exploit advances in intelligent software agents, common database structures, and human performance modeling to demonstrate a capability that supports planning and real-time control and modification of learning-based training scenarios.  The system to be developed will provide support to exercise planners and controllers through recommendations for scenario event modification based on an appropriate instructional strategy and on the training audience’s performance.  The system will also support modifications to exercise data collection plans and feedback mechanisms.  By modifying the events according to instructional strategies and performance, the system will optimize the potential for the events to achieve its desired training objectives, enable exercises to remain motivating to the training audience, and provide a richer information set for post scenario feedback.

BENEFITS:  This effort will result in more effective and efficient training in large-scale M&S training environments by providing the capability to rapidly modify and re-configure scenarios based on sound learning principles.  Specific benefits are expected to include: (1) reductions in the number of personnel on the exercise planning and control staff; (2) reductions in the level of expertise required of the exercise staff; (3) reductions in the resources necessary to develop new scenarios; and (4) enhanced use of previously developed scenarios.   These factors will enable effective scenario-based training to be conducted more frequently and at a reduced cost. 

STATUS:  The primary activities during FY01 included initiation of cognitive task analyses of the problem space; a review of agent technology and available agent software development tools; and initial design considerations for the set of intelligent agents, instructional strategies, and graphical user interfaces.  The major activities planned for FY02 are completion of the cognitive task analyses, initial development of the instructional management modules and component agent technologies required to support instruction in large-scale M&S exercises, and continued development of the system graphical user interfaces.
Advanced Distance and Distributed Learning

The Advanced Distance and Distributed Learning product line of the Capable Manpower FNC will provide research-grounded policies for selecting individuals and courses suited for Advanced Distributed Learning (ADL), and will demonstrate ADL with advanced learner support.  Advanced learner support tools promote collaborative learning, peer tutoring, access to human instructors, and techniques and methods for conducting virtual discussions among trainees and instructor(s) in distributed locations.  They will enable revolutionary changes in delivering on time on-demand training, improving training effectiveness, and increase sailors and marines combat readiness.  By applying advanced computer-aided instruction methods, the program will achieve significantly improved force readiness by providing efficient training anytime, anywhere.  It also will optimize Sailor and Marine job performance by matching appropriate instructional techniques with existing and emerging networking, to deliver effective training whenever and wherever it is needed.


The projects at NAWCTSD associated with Advanced Distance and Distributed Learning are described on the following pages.

OVERCOMING MISCONCEPTIONS IN SCIENCE EDUCATION

BACKGROUND: The Navy is relying on advances in computer and networking technology to support its vision of just-in-time, on demand, anywhere and anytime training.  Advanced technology alone, however, does not guarantee effective training.  Research on advanced distance and distributed learning (ADDL) will identify the instructional strategies that must be coupled with advanced delivery systems in order to improve training effectiveness, and certain technical areas, such as electronics and maintenance, have been singled out as important domains for further investigation.  In fact, basic science education is becoming increasingly important for the Navy, as the technical complexity of Naval systems continues to rise.  Unfortunately, previous psychological and educational research has shown that people often have misconceptions in the area of science, and those misconceptions can be surprisingly difficult to change through normal didactic instruction.

OBJECTIVE: The objective of this 6.1 research task is to evaluate and compare the effectiveness of pedagogical techniques at overcoming misconceptions in science education.  The focus will be on basic instruction in electricity and electronics and classical mechanics.  A direct comparison will be made between implementing the instructional techniques in a laboratory with physical equipment and implementing the techniques via computer simulation.  In addition, an assessment of the technological infrastructure necessary to support effective collaborative activities within a distance and distributed learning environment will be conducted. 

BENEFITS: The results of these studies will have direct applicability to the Navy’s goal to fully utilize computer technologies to support ADDL.  There are several research efforts that will be able to leverage the results of these studies, such as an ONR-sponsored project to develop an intelligent tutoring system (ITS) in Physics for the Naval Academy that may be extended to cover the electronics and electricity curriculum as well.  In addition, both the “Objective-Based On The Job Training” and the ADDL product lines of the Capable Manpower FNC include demonstrations that focus on effective learning in science-based domains (maintenance and electronics, respectively).  The current 6.1 research task will provide empirical information about effective methods of overcoming basic science misconceptions using computer-based simulations and technological support for collaboration among distributed students.  

STATUS: A focused literature review was conducted to locate published scientific misconception inventories.  This information was used to construct multiple-choice surveys in the two domains of interest, Classical Mechanics and DC Circuits. The surveys were used in a data collection that took place in the Engineering Technology Program at Valencia Community College (VCC).  Results indicated a need to revise the surveys and new versions were created. A second survey data collection will be conducted at Service School Command, Great Lakes and locally during the first quarter FY02. The results of this second data collection will be used to compare Navy recruit populations with local student populations.  Baseline data collection on the effectiveness of the instructional strategies and peer collaboration is scheduled to begin in the second quarter FY02.

DYNAMIC TASKS USING SCENARIO-BASED TRAINING

BACKGROUND:  The Navy has shifted its training emphasis from shore-based classroom training to shipboard, scenario-based and automated training. Many of the future training systems that the Navy needs to develop will focus on scenario-based instruction for tasks like tactical decision making in the Command Information Center, which can be characterized as dynamic, stressful, cognitively complex, and ambiguous. Much of the existing research and development of tutoring and training techniques is focused on more static and traditional academic tasks, and may not transfer directly to these dynamic systems. For example, immediate feedback during training has been shown to improve performance more often than delayed feedback in many typical intelligent tutoring domains.  Unfortunately, the delivery of immediate feedback may not be practical for scenario-based training, as it could interfere with the ongoing mental processes associated with working in a dynamic system. Given the differences between the types of tasks that are of interest to the Navy and the tasks that are more typically the subject of tutoring and training research, additional research is needed to help determine the most effective way(s) to provide instruction for dynamic tasks within a scenario-based training environment.  

OBJECTIVE: This effort will support the development of scenario-based systems by providing guidelines regarding: (1) methods for modeling dynamic task performance, including the use of eye-tracking/keystroke data; (2) the content, timing, and presentation of diagnostic feedback; and 3) methods for automating non-diagnostic instructional techniques.      

BENEFITS:  The guidelines produced by this research will be critical for ensuring that future scenario-based training systems provide effective training as well as reduce instructor workload. Immediate transitions are expected through the Advanced Embedded Training Advanced Technology Demonstration, as well as the Battle Force Tactical Training System.

STATUS: There are three research streams: Modeling Task Performance, Providing Diagnostic Feedback, and Automating Non-Diagnostic Instruction.  

Modeling Task Performance.  Based on the selection of the Georgia Tech Aegis Simulation Platform (GT-ASP), algorithms to transform raw eye movement data into smooth point-of-regard data were developed and incorporated into software that integrates system data, including environmental factors, participant keystrokes, and eye movements.  An experimental protocol was developed and used to collect data.  The unit-task structure of GT-ASP was documented, as were the performance changes that occurred with practice.  The results were used to identify potential leverage points for instructional interventions. An eye movement study was conducted demonstrating that participants learn to focus on relevant regions of the radar screen.  Two intelligent tutor (IT) models were constructed – a novice model and an expert model.  An instructional system has been developed which allows for instructional interventions to be embedded into a state-transition network that is modeled after the unit-task structure of GT-ASP, and work is underway to both conduct human-in-the-loop and model-based evaluations of various instructional interventions. 

Providing Feedback. During the FY01, an experiment was conducted that examined the impact of process and outcome feedback on trainees' state of goal orientation during training, and interactions between individuals' performance in training and their state goal orientation on post-training performance.  The GT-ASP was used as the training and evaluation environment for examining different feedback conditions.  In Phase 1, those who received process feedback reported a greater state of learning goal orientation than those who received outcome feedback, while those who received outcome feedback reported a greater state of performance goal orientation.  The trainees' state of goal orientation was not significantly affected by the feedback manipulation in Phase 2.  During the second phase of training, state of goal orientation from the first phase was the best predictor and the effects of the feedback manipulation in that phase of training appeared to remain for the full four hours of training.  Third, interactions between the two goal orientations and training performance were inconsistent across training phases.  Different findings across the two phases of training may have been due to differences in the specific variables that were the focus of feedback and performance evaluation.  Specifically, the performance variable in the first training phase was more procedural in nature (i.e., providing warnings) whereas the performance variable in the second training phase was more cognitively complex (i.e., making identifications of tracks).  Taken together, all of these findings suggest that the role of goal orientation in training performance may differ as a function of the type of training objectives on which feedback is given.

Automating Non-Diagnostic Instruction.  The test bed used for this research stream is a program that teaches relative motion-based navigation problem solving on an automated maneuvering board called MOBOT.  This subject matter was chosen because relative motion problems have proven to be conceptually and procedurally difficult to master.  Five CBT modules were adapted from existing courseware.  A sixth module designed to teach participants how to use the MOBOT software was developed along with quizzes and feedback for each module.  Problem solving scenarios for use in MOBOT have been developed and will be used in an experiment in FY02 that will compare the performance of groups receiving either help, or hints, or questions, with that of a group receiving graduated assistance (help, hints, then questions). 

SUPPORTING KNOWLEDGE ACQUISITION THROUGH 

ENHANCED DISPLAYS

BACKGROUND: Personnel in the fleet must deal with an ever-expanding array of complex systems.  These complex systems are composed of tasks requiring one to deal with a multitude of interacting variables, any number of which may be ambiguous and which typically require a rapid response.  Interaction with these systems requires the integration of different types of knowledge, and higher-level cognitive processes such as problem solving and decision making.  What is critical for novices in such tasks is training that supports the development of knowledge structures that allow them to effectively manage the requisite higher-order processes as they acquire task expertise.  Specifically, effective training programs should produce not only an adequate stored representation of the critical target knowledge, but also a representation that is easily recallable in differing contexts.   

OBJECTIVE: The objective of this 6.2 effort is to investigate the use of advanced interactive augmentation techniques such as diagrams and animations, to support the acquisition, development, and transition of knowledge structures required for effective performance in complex decision making tasks. Strategies, methods, and tools to support elaborative encoding and transfer of appropriate processing will be designed and tested.

BENEFITS:  The payoff of this effort will be a significant reduction in resources required for initial and transition training for operators of complex systems.  Implementation of enhanced displays based on the manner in which individuals acquire, retain, and transfer knowledge structures has the potential to result in training which provides the right information being presented at the right time in the right way to the right people.
STATUS:  In FY01 a hypermedia-based tutorial was developed to examine how textual and diagrammatic information presentation manipulations affect knowledge acquisition.  An experiment was conducted at a local community college, which found that, while textual manipulations had no effect, the inclusion of diagrams affected both meta-cognitive processes and knowledge acquisition differently for learners of different verbal abilities.  More specifically, diagrams led to significant improvement in performance only for participants with low verbal scores and only on the integrative questions.  Similarly, diagrams supported the development of accurate meta-cognition only for participants with low verbal scores. A paper presentation, symposium, technical report, and journal article related to this work have has been completed.  A modified version of the original tutorial has been created that contained more complex hypermedia-based manipulations and a second experiment was recently completed that replicated and extended the first study. 

APPLICATION OF MULTIMEDIA TECHNOLOGY TO

TRAINING/TRIAD

BACKGROUND: Navy tactical decision makers must learn, remember, and apply enormous quantities of information under conditions of high workload, situational ambiguity, limited time  and other stressors.  Currently, new tactical knowledge is disseminated to the fleet through tactical publications: Tactical Memoranda, Navy Warfare Publications, and Combat Systems Doctrine.  In addition to being difficult to access and use, these documents have limited value as vehicles for teaching decision makers necessary tactical knowledge.  Advances in technology make new approaches to training possible in areas that previously have been too expensive or risky.  In particular, a host of powerful and adaptable multimedia technologies have been perfected and are readily accessible.  Therefore, the development and demonstration of a theoretically based, and empirically validated multimedia system for training tactical knowledge and decision making skills is both required and timely.   

OBJECTIVE:  The objective of the Tactical Readiness Instruction Authoring and Delivery (TRIAD) 6.3 effort is to demonstrate the application of multi-media technology to tactical decision-making training by integrating, developing, demonstrating, and testing advanced training technology for imparting tactical knowledge.  The application will consist of an authoring tool for the developers of tactical publications, and a delivery tool that will support the use of multimedia documents in the classroom, in shipboard training, and in individual study.  

The authoring tool will lead the tactical subject matter expert (SME) through an automated knowledge elicitation process that specifies and organizes the knowledge to be included in the document.  It will also lead the SME through a process of identifying critical operational knowledge and skills within the document, specifying associated learning and performance objectives, and constructing pedagogically sound instruction appropriate for the type of knowledge.  Finally, the product of the authoring tool will be a web-accessible document including reusable XML tagged "standard content objects" that meet current Advanced Distributed Learning requirements.  

The delivery format will include a concise electronic "base document" and associated tactic training, a Quick Reference Guide to support operational application, and a feedback tool to facilitate communication between tactical users and the author of the document.  It will also include a set of briefing materials to support group instruction in the schoolhouse or in an operational setting.

BENEFITS:  The product of this effort will be the development and demonstration of a flexible, automated, affordable and deployable multimedia training system for tactical knowledge and decision making skills.  This demonstration system will show that, when appropriately applied, a multimedia presentation enhances learning of tactical knowledge and thus improves tactical decision-making when compared to paper-based presentation.

STATUS:  Based on a comprehensive need analysis and requirement specification for the authoring and training delivery systems, a demonstration training delivery device was developed.  A prototype version of an existing tactical publication was prepared using the TRIAD delivery format.  An evaluation of the effectiveness of the TRIAD presentation format versus the traditional format was conducted.  It demonstrated superior training provided through the TRIAD format as compared to that provided by the existing format The development of the authoring tool based on a structured knowledge elicitation interview process for the tactical subject matter expert was substantially completed during FY01.  A summative evaluation of the authoring process and products will be completed and documented by the end of FY02 along with a summative evaluation of the authoring tool products in a web-based environment.

LEARNING TECHNOLOGY FOR TECHNICAL COURSEWARE

BACKGROUND: The Navy has long sponsored Research and Development (R&D) to develop simulation-based technical courses (e.g., tactical and maintenance courses) that contain expert tutoring strategies.  However, increasing accessibility and speed of knowledge transfer through Advanced Distributed Learning (ADL) will require developing advanced support tools for the learner.  Advanced learner support involves providing computer-based tools that promote collaborative learning, peer tutoring, access to human instructors, and techniques for conducting virtual discussions among physically separated trainees and instructors.  Applying these advanced learner support tools to implement ADL for technical courseware will have a significant impact on addressing the concerns of the Defense Science Board Task Force with regard to skill decay and just-in-time training.
OBJECTIVE: The objective of this 6.3 research is to identify and demonstrate ADL technologies in the form of learner support tools that will better prepare maintenance technicians and combat systems operators in the Fleet.  The initial focus of the research will be on leveraging the Tactical Readiness Instruction Authoring and Delivery (TRIAD) research testbed to test various learner support technologies.  

The main research tasks include identifying or creating ADL training research testbeds, evaluating testbed potential, developing and testing advanced learner support technologies, conducting demonstration experiments, and delivering transition products.

BENEFITS: Results of this effort will help to produce design guidelines for ADL learner support tools to Chief of Naval Education and Training (CNET)

STATUS: New start.

ASSESSMENT TOOLS FOR EFFECTIVE ADVANCED DISTANCE LEARNING DELIVERY 

BACKGROUND: Distance learning techniques, such as correspondence courses and video tele-training, has been previously applied in education, industry, colleges, and universities.  The expanded use of Advanced Distance Learning (ADL) technology by the Department of Defense (DoD) and the Navy means that a broad spectrum of trainees in terms of abilities, maturity, motivation, and experience, will be relying on this form of instruction to perform a wide range of tasks.  Civilian colleges and universities who have introduced web-based course delivery report high dropout rates and other problems.  It is unclear whether these effects will also affect ADL in military settings.  Consequently, a main task is to conduct initial cognitive task analyses and survey research studies in the Navy to identify major individual, organizational and task factors that influence the implementation of ADL.
OBJECTIVE: The objective of this task is to provide guidance on development of assessment tools and technologies to optimize ADL effectiveness for military applications. 
BENEFITS: Overall, the benefits of this task will provide the Navy with initial policy guidelines on the following issues:  (1) What individual difference and organizational factors influence knowledge acquisition in the ADL environment?  (2) How can individual difference and organizational factors be changed to optimize learning in the ADL environment?  (3) What major instructional design features (e.g., degree of interactivity) should be included in ADL to optimize learning based on individual and organizational factors and the cognitive demands of the content?  (4) How should these design features be implemented in ADL programs?
STATUS: New start.

Virtual Technologies and Environments


The goal of the Office of Naval Research’s (ONR's) Capable Manpower Future Naval Capability product line in Virtual Technologies and Environments (VIRTE) is to develop, demonstrate and transition virtual and augmented technologies for training that supplements and complements live combat training. Virtual technologies refer to technologies that replace the real world scene with a computer generated scene, and the training that occurs within this Virtual Environement (VE) is often referred to as interactive immersive training.  Augmented technologies, on the other hand, refer to technologies that augment the real world scene such as a Heads Up Displays in aircraft.  VIRTE also will provide a compendium of technologies focusing on the human perpetual and cognitive functions in a VE to simulate human natural direct interaction.  


VIRTE is planned in three phases, each involving a specific demonstration.  The first demonstration (Combat Vehicles and Craft) concentrates on land and sea combat vehicles, focusing on human interactions with these systems.  This portion of the research will develop, test and deliver prototype embedded and appended simulators.  The prototype simulators will be designed to train individuals and crews to operate the Landing Craft, Air Cushion (LCAC) and the Advanced Amphibious Assault Vehicle  (AAAV). 


The second demonstration (Close Quarter Battle for Military Operations in Urbanized Terrain) will deliver technologies for interactive immersive training for warfighters who come in direct contact with hostile forces and situations.  The prototypes will be deployable and will allow near real-time terrain database development for mission rehearsal in real-world scenarios. 


The third demonstration (Full Spectrum Combat) will deliver fully populated VE scenarios that will include friendly, hostile, and non-combatants entities; and weapons and lethality/damage effects.  It will also include integration among all entities and federates that comprise the battle space, which will simulate warfare and enhance live training exercises (i.e., fleet/field exercises).


VIRTE strives to prepare warfighters and teams to win in direct contact conflicts with the enemy by providing training that’s designed to improve battle skills, tactics, techniques, and procedures.  It will provide realistic combat simulators for a variety of missions as a supplement and complement to live training, focusing on warfighters and small teams in order to improve human performance by increasing practice of skills that are too dangerous, costly, or otherwise difficult to train. 


The project at NAWCTSD associated with VIRTE is described on the following page.
VIRTUAL TECHNOLOGIES AND ENVIRONMENTS (VIRTE) 

FOR EXPEDITIONARY MANEUVER WARFARE
BACKGROUND: Amphibious forces are undergoing an increase in operational tempo and demands. Under these circumstances, conventional training may not meet the needs of these forces. Therefore, an emphasis on innovative solutions to meet training requirements is warranted.  Meeting these training demands is particularly challenging due to the forward-deployed nature of amphibious forces and the need to train while at-sea. The need to acquire skills and maintain proficiency is often contradicted by practical operational concerns such as fuel cost, maintenance life cycles, craft and range availability, and safety issues.  All of these concerns are generally exacerbated during deployments.  

OBJECTIVE: The Virtual Technologies and Environments (VIRTE) 6.3 research will produce training solutions that provide crews the opportunity to refresh team skills related to the type of mission about to be performed, friendly and enemy forces about to be encountered, and sea-states and terrain involved. 

The first demonstration of VIRTE is focused on developing two basic elements of Virtual Environment (VE) training technologies: (1) improving the quality of interaction provided by VE’s, and (2) applying advanced training aids and methodologies to meet fleet requirements. The research will develop innovative training methodologies and VE simulators for the triad of expeditionary maneuver warfare vehicles including Landing Craft, Air Cushion (LCAC), Advanced Amphibious Assault Vehicle (AAAV) and MV-22 Osprey tilt-rotor aircraft platforms. These simulators will be HLA compliant, PC-based, and deployable, and will interact with a realistic and robust Synthetic Natural Environment. Valid and useful interoperability between two simulators of the same type and different VIRTE simulators will be demonstrated.  Interoperability with the Joint Synthetic Battlespace (JSAF) also will be demonstrated.

Research will address four key interactions: human-computer, human-human, human-agent, and model-model.  Synthetic Agents will be developed that have the capability to simulate teammates so that meaningful team practice can be accomplished even when the entire team is not available. Instructional Agents will be developed to provide “over the shoulder” instruction to the trainee. The latter agents will be capable of monitoring student behavior and performance, assessing the trainee’s actions, and providing after action reviews of trainee performance.

BENEFITS: The VIRTE research will rapidly transition superior technology to naval training systems for decisive military capability.  The benefits of VIRTE include:  (1) An advanced human-immersive technology for naval training, (2) supplemental and complementary live simulations using virtual and war gaming simulations and other emerging technologies, (3) the capability to train warriors for increasingly complex and chaotic battle conditions, and (4) significant time and cost savings.

STATUS:  New start.
Advanced Interface Design and Training Capability

A Space and Naval Warfare Systems Center (SPAWARS) Component

The Advanced Interface Design and Training Capability is the part of the Capable Manpower Future Naval Capability that is developing the Enabling Capability of Design Warfighter-Centered Systems.  It will match skills and abilities to performance requirements of next-generation Naval combat systems, and provide tests and training curricula for individuals and small teams.  This product line will provide specification of surface warrior skills necessary to successfully manage automated job monitoring processes in multi-tasking job environments.  

Naval Air Warfare Center Training Systems Division (NAWCTSD) will work with Space and Naval Warfare Systems Center (SPAWARS) and the Naval Surface Warfare Center (NSWC) to develop an embedded training capability that will provide learners with exposure to critical skills.  This technology is critical given the likelihood of frequent software and hardware upgrades on future platforms.  Flexible and adaptable training and skills assessment tools will provide training and serve to identify the impact of system interface changes on human performance and selection criteria.


The project at NAWCTSD associated with the Advanced Interface Design and Training Capability is described on the following page.

ADVANCED INTERFACE DESIGN AND TRAINING CAPABILITY
BACKGROUND: The proposed Tactical Tomahawk Weapon Control System (TTWCS) does not provide for the application of workload reduction methods for the four operators expected to monitor the TTWCS and at least two other weapons and planning systems.  This calls for a design effort that applies Task Centered Design (TCD) and Human Computer Interface (HCI) technologies, along with an advanced embedded training system, during the development of the weapon system to enable operators to meet operational requirements. Such an effort will be accomplished within the Land-Attack operational domain. The Land-Attack domain is an appropriate operational focus for several reasons:  (1) Significant near-term growth and the need for design and training attention, (2) importance as a Naval mission area, and (3) an acquisition schedule that presents an opportunity for S&T product transition to EMD (6.4) funding and implementation.  In addition, this effort will address the Optimal Manning and Training requirements identified in the Chief of Naval Operation's recent Surface Combatant Land Attack Warfare: Training Requirements Document.

OBJECTIVE:  The overall objectives of this 6.3 research are to: (1) develop command and control interfaces using human-centered design principles; (2) identify operator proficiency issues; and (3) develop an embedded training capability. 

The approach involves iterative loops of task analysis, HCI design, training design, and software design, accompanied by continuous evaluation.  These tasks will converge in an annual proof-of-concept performance demonstration and evaluation against operational requirements.  The evaluations will confirm the utility of TCD, HCI, and the training approach taken.  Assessment of operator skill requirements, and tools to train operators to the TCD and HSI will be addressed in future years.
BENEFITS: The transition products of this effort will include task descriptions, HCI component descriptions, rapid prototypes, software object models and software HSI requirements, a Java prototype, operator skills assessments, and advanced embedded training tools for a multi-modal watch station.  Non-military use of TCD and associated HCI technology can also be applied to Federal Aviation Administration and engineering plant applications.

STATUS: New start.

DISCOVERY AND INVENTION: 

SELECTED AREAS OF INNOVATIVE RESEARCH

The purpose of the Discovery and Invention part of the Navy's S&T Strategy is to continuously generate new ideas.  Its goals are to leverage advances in knowledge and technology, initiate investigations in areas of particular interest to the Navy, and maintain expertise in areas that are uniquely naval in nature. Thus, the focus of the work tends to be on supporting unique requirements of the naval forces and on fields of inquiry that are unlikely to be adequately advanced by industry or other sponsors.  The program area has a long timeframe, involving much experimentation and demonstration before it will have an impact on operational systems.



This fiscal year, NAWCTSD has two ongoing groups of research projects that are funded under the Discovery and Invention part of the Navy's S&T program.  The ongoing efforts are: (1) The In-House Laboratory Independent Research program, and (2) the Human Behavioral Representation (HBR) and Computer Generated Forces (CGF) program of research.  Both of these efforts have strong links to the Capable Manpower Future Naval Capability (FNC) because they are covering research gaps identified within the FNC work or pursuing studies that complement or extend the FNC work.


The Discovery and Invention areas and associated research tasks at NAWCTSD are described on the following pages.

In-House Laboratory Independent Research Program


The In-House Laboratory Independent Research (ILIR) program provides discretionary funds for basic research to the technical directors of Navy laboratories and warfare centers.   The program provides an opportunity for Navy scientists and engineers to pursue new and innovative science areas for the solution of Navy and Marine Corps problems. The NAWCTSD ILIR program is a part of the overall Naval Air Systems Command program, which includes the NAWC Weapons Division at China Lake, CA, and the NAWC Aircraft Division at Patuxent River, MD.


The ILIR program is a basic source of new concept seed money to support investigations salutary to significant technological growth. Scientists and engineers at NAWCTSD conduct self-initiated research and development with emphasis on simulation and training technologies.  These investigations can involve efforts on more speculative approaches that are too risky for funding by existing programs.  Scientists and engineers build in-house expertise in areas of future importance.  These skills enhance the "smart-buyer" capability of NAWCTSD and provide necessary technical skills to assess development and acceptance of innovative training concepts. 


In addition, several secondary benefits are derived from the ILIR program.  These benefits include the capabilities to: shorten the time scale of programs and solve problems that cause program delays; explore promising basic research ideas typically not funded by operational sponsors; and extend support to creative scientists and engineers, providing an environment conducive to generating new concepts and challenging ideas.


The current work being conducted at NAWCTSD under the ILIR program is described on the following pages.

pattern recognition theory for computer generated entities 

BACKGROUND: During the conduct of the Computer Generated Forces (CGF) 6.2 research effort, a technology gap was identified related to the use of visual perception data as an input to a cognitive engine.  Previous basic research on speech recognition conducted under the ILIR research program developed audio perception data as an input to computer simulations.  In that work, we were successful in developing a computer system that can accurately transform a microphone audio signal into written words, which then were used to control a computer simulation.  We will extend this work by investigating computational theories that underlie the use of speech recognition to control computer simulations and applying them to two- and three-dimensional patterns. 

OBJECTIVE:  The overall objective of this 6.1 research task is to transform multi-dimensional computer information into frequency information that can be input into a speech recognizer, which will be trained to recognize patterns in 2- and 3-dimensional space.   The specific scientific objective is to develop a mathematical theory relevant to dynamic pattern recognition that uses regions and sub-regions instead of points on a coordinate system. 

The approach is to build models of the signals from various input devices and perform experiments to determine and optimize the recognition accuracy by a computer generated entity. Two input devices have been selected for the test bed computer entity, a radar display and a motion tracker.  Although these two input signals are very different, they can be transformed into recognizable Hidden Markov models through the mathematical regional transformation theory under development.  

BENEFITS: A dynamic pattern recognition system of this type could be used to recognize scenarios on two-dimensional graphical displays, and when used within a computer simulation could contribute to the more complete automation of CGF.  Such a system could also be used to recognize patterns in three-dimensional space that may have broad applications in providing movement training and feedback.

STATUS: In FY01, the mathematical transformation of 2-dimensional space was derived and implemented. A proof of concept experiment will be conducted in FY02. A 3-dimensional model was developed at the same time as the 2-dimensional model, and a Cooperative Research and Development Agreement (CRADA) has been signed with the Rehabilitation Engineering and Research Center at Duke University that will use the model. This partnership will develop a computer-based movement recognizer that will recognize and understand movements of patients and children with communication disorders. The 3-dimensional model will also be demonstrated in FY02 using the Landing Signal Officers (LSO) trainer recognition software.  

PERFORMANCE METRICS FOR EVALUATING TRAINING TRANSFER EFFECTIVENESS IN A VE SIMULATION.

BACKGROUND:  The goal of any training regimen is to prepare trainees for exposure to a real world scenario by first teaching them on a simulation. Often these simulations are physical mock-ups of the real world environment.  The recent trend in training is to use Virtual Environments (VEs) to provide simulated training scenarios, which has several advantages.  For example, advances in computer hardware and software technology have combined to make a wide range of training simulations for real world events more realistic. At the same time, VE simulations are becoming increasingly cheaper to produce. Finally, VE simulations offer a degree of flexibility and portability that simply cannot be achieved through other methods.

While VE simulators hold much promise, there are still many unanswered questions regarding their efficacy. One of the most pressing issues is how much training on a VE simulator transfers to the real world event that it mimics. Establishing such transfer of training has been far from simple because there is no consensus on how confirm when and if transfer has occurred. We intend to demonstrate transfer of training by applying Time Series Analysis to a set of identified performance metric variables. 

OBJECTIVE:  The objective of this 6.1 research task is to analyze data obtained in a VE training scenario and in an identical real-world training exercise, using Time Series Analysis. The experiment will use the NAWCTSD Virtual Environment Training Testbed and Conning Officer Virtual Environment. The simulated training task will be Underway Replenishment at sea (UNREP). A set of metrics has been identified to measure performance in the simulation, which will be duplicated in the real-world task. The performance of participants trained on the VE simulation and then transferred to the real world event will be compared to that of participants only experiencing the real world event.  Traditional measures of transfer, such as evaluations by subject matter experts, will also be collected.

BENEFITS:  This work will be of interest to the Navy in all areas in which VE training simulations are implemented. A deeper understanding of how well training in a VE simulation transfers to the real world events should allow VE developers to develop better simulations. It will also enable instructors to more efficiently schedule training evolutions, and to determine to what extent trainees should be exposed to VE training scenarios. In addition, knowledge gained regarding the limitations of simulated training should help VE designers determine, a priori, whether or not a specific real world event is appropriate for integration into a simulation.  If successful, this method should be applicable to any training simulation involving navigation over time.  

STATUS:  New start.
HIERARCHICAL MARKOV PATTERN RECOGNITION AND ONTOLOGICAL KNOWLEDGE BASES FOR SEMANTIC PROCESSING 
BACKGROUND:  Some forms of human behavior have been successfully modeled using rule-based programming.  These rule-based systems are particularly efficient at processing fixed semantics. Semantic distance, a measure of the relationship between objects, appears to be a missing factor in current rule-based artificial intelligence systems, which if added could provide the capability to handle variability.  In contrast, Markov modeling is particularly efficient for modeling the variability of perceptual inputs (e.g., it has been successfully demonstrated in speech recognition).  Thus, a hierarchical architecture using Markov pattern recognition techniques for perceptual inputs, coupled with a rule-based artificial intelligence system using ontological knowledge bases to determine relationships and statistical methods to determine semantic distance, may be one way to represent semantic processing.  Such a representation of semantic processing would contain a short- and long-term memory model.  This conceptualization can form the basis for investigations on how semantic distance can be fused with semantic networks, and how a short-term memory model interacting with semantic networks and/or ontological knowledge bases can perform semantic processing leading to an understanding of human language. 

OBJECTIVES: The purpose of this 6.1 research task is to investigate a hierarchical approach to modeling and validating rule-based computer models of human behavior.  The objectives are to: (1) measure the effects and accuracy of semantic distance in spreading activation and hierarchical semantic networks; (2) measure how ontological knowledge bases compare with semantic networks; and (3) investigate models of short- and long-term memory and their role in understanding human language.

BENEFITS: Any application using speech recognition or other natural language input will benefit from a language understanding system.  The results of the experiments will be useful to investigations of human dialog interfaces and human performance assessments for Advanced Distributed Learning.

STATUS:  New start.
Human Behavioral Representation and 

Computer Generated Forces for Military Simulation
The 1998 National Research Council report on Modeling Human and Organizational Behavior: Application to Military Simulations, as well as several Blue Ribbon and Senior Navy management panels, have found that one shortcoming of military simulations is the lack of behavioral realism in Computer Generated Forces (CGFs).  Given the military’s growing reliance on large-scale simulations as a means to prepare our warfighting teams, this deficiency has far-reaching consequences. Therefore, it is necessary to devise robust strategies for simulating higher-order processes in CGFs including decision-making, intent, deception, adaptability, creativity, and problem solving.

Consequently, the Office of Naval Research (ONR) and NAWCTSD launched an integrated research and development initiative in Human Behavioral Representation (HBR) and CGFs for Military Simulation. This initiative was launched in order to investigate emerging technologies and methods for cognitive modeling and behavioral representation that are suitable for insertion into executable models of combatant behavior. It includes basic (6.1), applied (6.2) and advanced development (6.3) research tasks and efforts.   Results and guidelines from this research will bring us closer to realizing fully automated, realistically behaving simulated forces. These forces will be used as worthy adversaries and/or intelligent friends in virtual and constructive simulations during training, mission planning and rehearsal, analysis, acquisition and command decision aiding.

The projects at NAWCTSD associated with integrated HBR and CGF research program are described on the following pages.
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Realistic Cognitive and Behavioral Modeling of Human Behavior:

A cooperative ONR/NAWCTSD 6.1 Initiative

BACKGROUND: Recent advances in "soft computation" (i.e., neural networks, evolutionary computation, fuzzy computation, probabilistic reasoning), and in techniques to combine soft computation with classical knowledge representation strategies from the field of artificial intelligence make the time ripe to address shortcomings of human modeling in CGFs.  Therefore, 6.1 research initiatives have been developed cooperatively by ONR and NAWCTSD to advance the state of the art in modeling human behavior.

This is the basic (6.1) R&D component of the integrated research program on Human Behavioral Representation  (HBR) and Computer Generated Forces (CGF).
OBJECTIVE: This 6.1 research effort focuses on HBR and CGF architecture development and experimentation. The five primary technical objectives are to: (1) Create technologies to enhance model robustness and adaptability, (2) improve model usability and re-usability, (3) include realistic individual differences in models, (4) create techniques to manipulate model granularity, and (5) develop the technical basis for realistic modeling of critical cognitive capacities 

Specific research tasks currently funded include:

· Graphical Visualization of Situational Awareness for CGFs

· Research on Autonomous Synthetic Entities

· Developing Computational Models of Naturalistic Decision Making

BENEFITS:  This work will result in robust human modeling architectures which can be used to develop simulated forces that will respond appropriately to unexpected events, display realistic unpredictability, react to behavior moderators such as stress and fatigue, and demonstrate battlefield awareness, self explanation, and infer adversary intent.

STATUS: Status of the three efforts is briefly summarized below.

Graphical Visualization of Situational Awareness for CGFs. This research is building a working prototype of the Situational Awareness Panel (SAP), integrated with agents developed within Soar Technology, Inc., and using JSAF Task Frames.  This prototype demonstrated the capability to provide an architecture-independent tool for visualizing the internal reasoning of simulation agents, a potentially powerful tool for training, trouble-shooting and model validation.  The instantiated SAP focuses on modeling the pilot of a fixed wing combat fighter, and includes a visual representation of the pilot’s current understanding of the combat situation, the goal hierarchy currently driving his behavior, and a running history of significant remembered events leading up to the current moment in time in the combat scenario.

Research on Autonomous Synthetic Entities.  The thrust of this research is to expand our understanding of what is required to quickly develop human-like CGF that have low computational overheads. A critical part of this research is the development of a cognitive/AI architecture (Soar Technology, Inc.) that can be used to develop human-like CGFs, and the development of tools and methodologies for fast development and evaluation of them. 

· Low computational overhead:  This work has led to development a “lite” version of Soar Technology, Inc., and an associated interface that have significant less computational requirements compared to the standard Soar Technology, Inc. for computer generated forces. 

· Quick development:  Tools are being developed that learn by observing a human perform the task. These tools will also allow one to quickly develop “personalized” synthetic entities and also emphasize the specific characteristics of human behavior. 

· Human-like behavior: A significant justification for the learning by observation work is to capture human-like behavior. Also under development is a new capability, anticipation, that is not found in CGFs but is found in humans. 

Developing Computational Models of Naturalistic Decision Making.  This project will advance the state-of-the-art in human performance modeling through the development, testing, and refinement of computational representations of the psychological phenomenon known as naturalistic decision making (NDM), which is the way people use their experience to make decisions in field settings. Development of a computational representation of a model that has emerged from the field of NDM, known as the Recognition Primed Decision model, is underway. This model will be tested against actual data from controlled military experiments.  To make the computational representation more accessible and usable, a software tool will be designed and developed for building models of naturalistic decisions that can be embedded into larger human/system simulations.

Computer Generated Forces for Scenario Based Training

BACKGROUND: The National Research Council and the Capable Naval Requirements-commissioned Wald Panel reports of 1998 emphasize the generally poor quality of human models currently used to populate simulations for military training, analysis, and acquisitions.  Both panels stressed the need to invest significant research effort to enhance the realism of human models used to simulate opposing forces and synthetic colleagues, which they view as absolutely essential for successful military applications of simulation technology.  Therefore, 6.2 research initiatives have been developed cooperatively by ONR and NAWCTSD to improve the human models used in simulated forces along with the training that employs them. 

This is the applied (6.2) R&D component of the integrated research program on Human Behavioral Representation  (HBR) and Computer Generated Forces (CGF).
OBJECTIVE:  The objectives of this 6.2 research effort are to develop and investigate the feasibility of instructional strategies through the use of HBR and CGFs in Naval training systems.  

Specific projects currently funded include:

· Composable Behaviors in JointSAF

· Team Training with Synthetic Teammates

· Synthetic Cognition for Operational Team Training

· Support for Development of Simulated Adversaries for the Virtual Technologies and Environments (VIRTE) Demonstrations

BENEFITS:  The modeling techniques developed and demonstrated under in this research will have far reaching applicability into all military simulation environments by providing reduction of manpower requirements and faster than real-time capabilities for mission analysis.  They will also produce worthy adversaries, intelligent teammates and instructional agents in virtual and constructive simulations for training, mission planning and rehearsal, and analysis. 

STATUS:  Status of the four efforts is briefly summarized below.

Composable Behaviors in JointSAF: This research will provide the capability to compose behaviors for entities that are represented by JointSAF.  The Training, Analysis, Research and Development, and Tactics and Doctrine communities will have an improved capability for representing human and system interactions within existing simulation environments.  The capability to link entity behavior in the synthetic environment of Distributed Simulations with variable fidelity in the human performance and system models will also be provided.  The approach includes placing human/system models external to the JointSAF entity simulation.  These external models will provide composable behavior attributes to the entity simulation via the High Level Architecture (HLA) communications protocol.  In using HLA protocols for inter-model communication, the human/system models will “serve” behavioral attributes to entities.  Since the models are external to the JSAF entity simulation, the capability for the user to easily modify behaviors will exist.

Team Training with Synthetic Teammates (SYNTHERs): Most Navy training is team oriented, requiring trainees to develop important skills in coordination with other Navy team members.  However, it is often inappropriate or inconvenient to train the entire team at the same time in the same instructional system. At times, it is desirable to train a subset of the complete team (e.g., those who need additional training or who are available for training). The benefit of part-team training includes a reduction of the costs and problems associated with manning all team watchstations with suitably experienced personnel.  If we can instead use cognitive models of watchstation performance for all stations that are not being actively trained, we could substantially reduce the cost, while increasing flexibility and accessibility of simulation-based training.  This research is identifying what characteristics such cognitive simulations of watchstations must have in order to provide effective training and will demonstrate that those characteristics are achievable with current cognitive modeling technology.

Synthetic Cognition for Operational Team Training (SCOTT): The product of this effort will be a prototype intelligent, stand-alone training delivery system for deployed and forward deployed aviation team members in which an individual/team is able to practice crucial advanced team skills. The prototype system will integrate: 1) the capability of simulating teammates in a realistic mission simulation; and 2) capabilities for automated scenario generation, performance measurement and diagnostic feedback.  These capabilities incorporate human performance modeling and leverage advances in voice recognition.  The system will be demonstrated on a testbed of networked deployable simulators that allows multiple crew members to fly realistic missions, and which imposes coordination demands on team members.  A low-cost PC-based graphical user interface is under development and will be networked to the testbed to provide a menu-driven scenario generator.  The scenario generator will be used by the operator and will also provide replay capability for debriefing purposes.  Hardware and software modifications to the existing testbed are being made to expanded networking capabilities. 

Support for Development of Simulated Adversaries for VIRTE Demonstrations:  This research will support the development of a demonstration for the utilization of Dismounted Infantry Semi Automated Forces (DISAF) Technology to support the U.S. Marine Corps (USMC) vision for collective training using simulators.  Specifically, it will generate simulated hostile forces in the Virtual Technologies and Environments (VIRTE) demonstration involving Close Quarter Battle for Military Operations in Urbanized Terrain.
Agent Based Modeling and Behavioral Representation 
BACKGROUND:  The Air Force is conducting an exciting and ambitious multi-phase project entitled Agent Based Modeling and Behavioral Representation (AMBR).  The AMBR program is designed to identify the relative strengths and weaknesses of several cutting-edge modeling architectures by contrasting their capabilities within the context of modeling the same tasks. 

OBJECTIVE:  The objective of this 6.2 effort is to provide support for Round 3 and Round 4 of the AMBR project.  NAWCTSD will participate in the development of the evaluation plan and help identify approaches for quantifying the predictive validity of the competing models.  Additionally, NAWCTSD will support the evaluation component of the AMBR project by collecting some of the human-in-the-loop data at the University of Central Florida.  The data to be collected will reflect human learning processes across several levels of complexity in an experimental task.  Model developers will be given these human data attempt and they will attempt build models that represent these human data.  

BENEFITS: The AMBR project provides an opportunity for multiple model developers using different architectures to attempt to model human performance on the same task.  This project will document lessons learned about building and evaluating realistic human behavioral computer models.  More importantly, the project will document the similarities, differences, strengths, and weaknesses of several existing modeling architectures through comparing and contrasting model predictions. This will advance in the state-of-the art of cognitive and behavioral modeling. 

STATUS:  New start.
Modeling for Effective Team Training
BACKGROUND:  The Navy is currently leveraging dramatic increases in technological capability to support both training and operational goals.  A potentially powerful technology is the capability to represent human cognition and/or behavior in software form.  It has been proposed that human behavior representations (HBRs) can play a number of important roles in training in the Navy.  While this capability appears to have the potential to revolutionize the way the Navy trains, the majority of the work done to date has gone into simulation development efforts, and very little work has been conducted to empirically assess or quantify the actual impact on human performance and learning. The little empirical work that has been done to date to evaluate the capability of HBRs to support training goals has focused on training individual task work skills.  A large portion of the Navy’s training objectives, on the other hand, focus on training teams in both their task work and their team work skills, and research is needed in this area.   

OBJECTIVE: The purpose of this 6.2 research is to investigate two approaches to using modeling to support team training.  The objectives are to (1) investigate the capability of HBRs to serve as synthetic teammates in a team training simulation, and (2) expand current work on mathematical modeling of individual task work to investigate the capability of mathematical models to effectively diagnose and remediate team work skills.

The approach is to expand the current research testbed, Wright State Aegis Simulation Platform (WASP), to support a team task, providing the capability for automated data collection from each team member and for modeling of teamwork skills.  We will investigate the capability of different types of models within this testbed to predict teamwork processes and to diagnose teamwork deficiencies.  In addition, we will build synthetic model-based teammates that are “pedagogically-savvy” (i.e., synthetic teammates that can modify behavior in support of team training objectives).  Finally, we will conduct a training effectiveness evaluation of the models and modeling approaches that are developed. 

BENEFITS: This research will result in empirical evaluations of HBRs and of their ability to support training and operational requirements.  At the conclusion of the  research, we will be able to quantify the capability of the HBRs to support diagnosis and remediation of teamwork processes and the capability of model-based “pedagogically-savvy” teammates to enhance the overall effectiveness of team training.

STATUS:  New start.

Cognitive and Analytic Approaches to Tutoring Systems 

Atomic Components of Thoughts (ACT) EXTENSION
BACKGROUND:  This is an extension of a previously funded Computer Generated Forces (CGF) 6.2 project entitled, Cognitive and Analytic Approaches to Tutoring Systems (CAATS).  In the CAATS project, several types of model-based instruction were developed that ranged in cognitive fidelity (i.e., the degree to which a human behavior representation is believed to capture and represent the actual cognitive processes used by a human).  An investigation was conducted of the capability of different types of human behavior representations (HBRs), varying in cognitive fidelity, to support effective trainee feedback in a dynamic training environment.  ACT-R is an additional cognitive modeling architecture that has been identified as a possible alternative approach to the HBRs that have already been examined.

OBJECTIVE: The purpose of this 6.3 research is to extend the CAATS project by adding a modeling technique that has high cognitive fidelity, that is, ACT-R.  The objective is to evaluate the predictive validity of the ACT-R model and the training effectiveness of ACT-R model-based instruction.  

In the original CAATS project, three types of model-based instruction for a simplified Air Defense Warfare task were developed that included mathematical modeling approaches (e.g., fuzzy logic, and classification and regression trees) and a cognitive process modeling approach (COGNET).  The training effectiveness of ACT-R model-based instruction will be compared to the results of the other types of model-based instruction already investigated. 

BENEFITS: The results of this research will increase the understanding of the HBR characteristics required to provide effective feedback in a dynamic training system and improve the capability to capture the knowledge associated with expertise in HBRs.  More specifically, the knowledge of the effectiveness of various modeling techniques will be advanced, which can be directly applied in developing embedded and adaptive training systems, and in developing models to optimize the human ability to learn. In turn, this will allow the development and delivery of highly effective automated training systems that can be embedded into operational systems on board ship.
STATUS:  New start.
TECHNOLOGY TRANSITION AND TRANSFER

Many technologies are developed and demonstrated in the usual progression from basic research (6.1) through applied research (6.2) and advanced development (6.3).  In the Navy's S&T program, a series of demonstrations occurs that starts with simple experiments and finally leads to proofs of concept.  As the technologies become mature during this progression, some need additional demonstration or refinement before they can be transitioned to the fleet.  This transition work is funded under the 6.4 category of research funding. The current transition work being conducted at NAWCTSD focuses on the following technologies: Learning methodologies for large-scale simulations, advanced visual systems, integration of intelligent components into training, and automated measurement.  

In addition to specific Navy transition efforts, NAWCTSD is also involved in a variety of efforts to transfer maturing technologies to the private sector.  For example, NAWCTSD is an active participant in Small Business Innovation Research (SBIR) program, which was developed by the Department of Defense (DoD) to stimulate technological innovation in the private sector and to strengthen the role of small business in meeting DoD R&D needs. This work is done in phases and the Navy emphasizes the need for small business to market its technology to both military and private sectors.  Current SBIR projects are being pursued at NAWCTSD in such areas as sensor technologies and simulations, advanced visual display techniques, learning and education analysis tools, interface design, measurement procedures, and intelligent agent applications.  



NAWCTSD also has the authority to enter into cooperative agreements and other transactions to transfer technology to the non-DoD public sector as well as the private sector.  These agreements are not governed by the Federal Acquisition Regulations (FAR).  Government and Industry and/or Academia direct the project through a single management committee. Technical work is conducted through a single team. NAWCTSD has a long history of technology transfer to both the public and private sectors, and currently is involved with a variety of organizations to share information and expertise.


The transition and transfer efforts being conducted at NAWCTSD and the projects associated with these efforts are described on the following pages.

Transition Efforts

Specific Navy transition efforts are funded with 6.4 research funds.  The purpose of 6.4 research is to reduce the level of risk associated with a newly demonstrated technology to make it ready for direct implementation by the fleet or transition by the acquisition community. The 6.4 research step demonstrates final products and prepares them for procurement, bridging the gap between progressive demonstrations of technology and full-scale implementation. 

Current transition work is somewhat separate from the groups of research projects that are being initiated this fiscal year under either the FNC or Discovery and Invention part of the Navy's S&T program. As the groups of projects in these two parts of the Navy's S&T program grow and progress, more 6.4 research may become integrated with them. 

Current NAWCTSD 6.4 projects are described on the following pages.

JOINT SIMULATION SYSTEM LEARNING METHODOLOGY

BACKGROUND: Continual advancements in modeling and simulation (M&S) technology have provided an ever increasing capability to conduct distributed, large-scale training exercises in synthetic environments.  While considerable progress has been made in M&S technologies, there is often not a commensurate level of effort to systematically identify and insert methods, strategies, and tools that have the potential to maximize the learning value of such systems.

The Joint Simulation System (JSIMS) addresses this challenge with a promise for improving training.  Part of that improvement will come from viewing learning as a process and allowing learning principles to influence JSIMS development and implementation.  While Science and Technology (S&T) developments have occurred with regard to training methods, strategies, and tools, there has yet to be a systematic assessment to determine the extent to which they have potential application to JSIMS.

Sonalysts, Inc. has an ongoing effort to guide the insertion of learning methodologies into JSIMS.  The Naval Air Warfare Center Training Systems Division (NAWCTSD) will support this effort in the evaluation of S&T programs for potential application to JSIMS.

OBJECTIVES:  The objectives are to identify methods, strategies, and tools that have the potential to maximize the learning value of large-scale simulations, and to prioritize technologies for insertion based on projected payoff, costs, and implementation.

BENEFITS: It is expected that a number of tools, methods, and technologies that have potential application to the JSIMS learning environment have already been completed or are projected for near term development.  It is further expected that the integration of these technologies into JSIMS would provide considerable leverage toward increasing the learning effectiveness of the simulation.

STATUS: This effort was initiated in late FY01.  The major activities have been (1) surveys of the literature in selected areas of instructional technology, modeling and simulation, human factors, and human learning and cognition; (2) reviews of relevant conference proceedings; and (3) detailed examination of S&T programs in universities and military research laboratories.
ADVANCED VISUAL TECHNOLOGY SOLUTIONS

 AND SPECIFICATIONS DEVELOPMENT

BACKGROUND: Rapid industry advances in low cost technologies have driven PC-based systems to a performance level suitable for some military aircraft modeling and simulation applications.  These high performance PC-based systems offer new COTS solutions for aircraft simulation with significant cost savings in areas such as visuals, database productions, and host computer functions.  Finding a suitable PC system requires finding a good combination of hardware and software that will meet the needs of future modeling and simulation demands while having a well funded commercial development path.  This necessitates the installation, experimentation, and testing of a variety of systems since each system will display different strengths and weakness.  This also requires the interfacing with several vendors in the visual hardware, visual software, and automated database development arena.

OBJECTIVE: The objective of this task is to demonstrate advanced visual system technologies with the goal of lowering total ownership cost and improving the training utility of aviation training systems.  Prototype technologies will be demonstrated to fleet aviators.  Fleet inputs will be used to further enhance the technology.  Performance specifications will be developed to facilitate technology transition to the fleet.

BENEFITS:  This task will improve aviation training systems enabling better training and enhanced readiness.

STATUS: This is the third year of a multi-year effort.  Prior years efforts have focused on demonstrating PC image generation capabilities previously only available on much more expensive dedicated image generators.  New image generator capabilities have also been demonstrated.  The FY 02 efforts will:

· Investigate, demonstrate, and validate data compression techniques such as JPEG 2000 for compressing and transmitting visual database information

· Develop and demonstrate a software sensor host for IR and radar that uses a single common database 

· Develop and demonstrate volumetric weather.

INTEGRATING INTELLIGENT TRAINING SUPPORT TOOLS FOR DISTRIBUTED AND DEPLOYED AVIATION TEAM TRAINING

BACKGROUND:  Recently, the need for distributed and deployable training capabilities has become an area of concern for Naval Aviation.  The Naval Air Warfare Center Training Systems Division (NAWCTSD) is currently conducting several research programs to develop capabilities and training strategies that will enhance fleet level training capabilities for tactical teams and individuals.  Several programs are targeting the exploration of technologies to address the fleet level deployed training needs of the F/A-18 community (Transportable Strike/Assault Rehearsal System (TSTARS), Transportable Training Technology Demonstrator (TTTD)).  However, there is a need to examine and address the integration of the rest of the air wing.

OBJECTIVE: The objective of this task is to define the cognitive and team requirements for the development of an E-2C deployable training capability that will interface with an F/A-18 simulation (TTTD or FA-18 17C Part Task Trainer).  This will include integration and transition of intelligent simulated teammates and threats to support training in these simulation systems.  Specifically, we will integrate and demonstrate improved intelligent entities for the development of the E-2C and F/A-18 distributed deployable training testbeds. 

BENEFITS: It is expected that such a system will enhance the training capability for the F/A-18 and E-2C communities and provide the specification for the procurement of distributed and deployable training systems. 

STATUS: This is the second year of a multi-year effort. The FY02 efforts will address four major tasks.  First, the distributed and deployed training needs will be determined.  Second, an E-2C deployable training testbed will be selected and modified as required for distributed training, including the integration of intelligent synthetic forces. The testbed will be integrated with either an F/A-18 training technology demonstrator or the F/A-18 Part Task Trainer under development at NAWCTSD.  Finally, intelligent synthetic forces and intelligent tools for training support for both teams and individuals will be implemented and tested. The products of the effort will lead to data and recommendations for training strategies and technologies for the development and implementation of a performance-based specification for distributed and deployable aviation training systems.

COMMON IOS/JMPS WITH AUTOMATED MEASURES OF EFFECTIVENESS (MOE)/MEASURES OF PERFORMANCE (MOP) PERFORMANCE SPECIFICATIONS
BACKGROUND: Tactical aircrews have been using computer-based mission planning systems for many years to plan tactical aircraft missions.  The Navy started using the Tactical Aircraft Mission Planning System (TAMPS) in the early nineties.  The TAMPS is a UNIX-based application and requires a workstation class computer.  In the mid-nineties some aircrews began using a Windows-based system named the Portable Flight Planning System (PFPS).  The PFPS is more user-friendly than TAMPS, since it shares many features of other Windows applications.  Of course, it also runs on laptops and PCs adding to its ease of use.  In the late nineties Congress mandated that the services use a common mission planning system and started the Joint Mission Planning System (JMPS) program.  Functionally, the JMPS is similar to the PFPS and is also a Windows-based application.  The JMPS is scheduled to undergo operational test and evaluation in 2002.

Advanced technology development research in the nineties established the feasibility of using the mission planning system as the instructor/operator station (IOS) for aviation training systems.  The introduction of the Windows-based PFPS and JMPS made this task somewhat easier.  The Common IOS allows several desirable goals to be achieved.  For example, trainees are exposed to the mission planning system very early in their training, sharing instructors between trainers becomes easier since each trainer has a similar IOS, and planning simulator or aircraft missions becomes very similar.

OBJECTIVE: The objective of this task is to demonstrate a common IOS based on the Joint Mission Planning System (JMPS) with appropriate plug-ins to perform trainer unique functions that are not needed for planning aircraft missions.  Plug-ins will include automated algorithms for determining Measures of Effectiveness (MOE) and Measures of Performance (MOP).  Prototype technologies will be demonstrated to fleet aviators.  Fleet inputs will be used to further enhance the common IOS. Performance specifications will be developed to facilitate technology transition to the fleet.

BENEFITS:  This task will improve aviation training systems enabling better training and enhanced readiness.

STATUS: This is the third year of a multi-year effort.  Prior efforts have focused on demonstrating the use of TAMPS and PFPS as the basis for an IOS.  The FY 02 efforts will:

· Investigate, demonstrate, and validate the ability to add trainer unique plug-ins to the JMPS architecture.

· Develop and demonstrate automated MOE/MOP plug-ins.

· Integrate the Common IOS into an aviation testbed.

Small Business Innovation Research (SBIR) Program


The Navy's SBIR Program is primarily a mission oriented program providing companies the opportunity become part of the national technology base that can feed both the military and private sectors of the nation. The program seeks to foster and encourage participation of minority and disadvantaged persons in technological innovation and to increase commercial applications of DoD supported R&D results.  Small business firms with strong R&D capabilities in science and engineering are encouraged to participate in the program.  The SBIR program is a 3-Phase program:

Phase I is to determine the scientific or technical merit and feasibility of ideas.  This will typically be one-half person-year effort over a period not to exceed six months.   Successful completion is a prerequisite for funding in Phase II.

Phase II awards are based on the results from Phase I and on the scientific and technical merit of the more comprehensive Phase II proposal.  This phase is the principal research effort. Proposers are asked to consider the commercial possibilities of the proposed R&D, and encouraged to obtain a contingent commitment for private follow-on funding to pursue further development of the commercial potential after the government funding phases. Phase II typically covers 2 to 5 person-years of effort over a period generally not to exceed 24 months.  Phase II is expected to produce a well-defined deliverable product or process. 

Under Phase III, non-federal SBIR capital is to be used by the small business to pursue commercial applications of the R&D.  This phase is designed, in part, to provide incentives for converting federally sponsored R&D innovation for use in the private sector.

         To request copies of the SBIR solicitation, contact the DoD SBIR Help Desk at 866-888-1079 (8AM to 8PM EST) or e-mail: sbirhelpdesk@pbcinc.com.  The solicitation provides information on how to submit proposals.  The SBIR solicitation can also be accessed electronically at http://www.dtic.mil/dtic/sbir.  The DoD web site (http://www.acq.osd.mil/sadbu/sbir) offers electronic access to many important resources for SBIR participants, such as initial public releases of each solicitation, sample proposals, model contracts, links to component programs within DoD, answers to commonly-asked questions, descriptive data on the program, and program updates.


SBIR Program background information specific to the Navy SBIR Program can be found at the Office of Naval Research (ONR) WWW homepage at:  http://www.navysbir.brtrc.com/ and the NAVAIR TEAM SBIR homepage at: http://sbir.navair.navy.mil

Sources of SBIR funding include the Office of the Secretary of Defense (OSD), the Office of Naval Research (ONR), and the Naval Air Systems Command (NAVAIR).  Current NAWCTSD Phase I and Phase II efforts are described on the following pages, with the primary source of funding shown in parentheses after the study title.

PHASE I

PC IG SENSOR SIMULATION (ONR)

BACKGROUND:  The military is making more use of advanced sensors to deploy weapons and maneuver in the environment. This increased reliance on sensors has expanded the role of simulation in training.  Currently only the most expensive simulation hardware is capable of realistically simulating the sensors in real-time. It is highly desirable to incorporate several of the more important high-end sensor simulation features into significantly lower cost hardware and software, such as support for multiple spline fog and high-bandwidth index texture color look-up.

Sensors operate in different bands of the electromagnetic spectrum. Night Vision Goggles (NVGs) operate in the near-IR band, some weapons operate in the 3-5 micron band, and other sensors operate in the 8-14 micron band. A single algorithm is desired that will accurately compute atmospheric attenuation (due to haze and/or fog) in these frequency bands.  Such an algorithm would enhance physics-based calculations.

An additional problem with low cost simulation hardware is the lack of the ability to change in real-time the texture color lookup tables independent from the paging of the texture into texture memory.  This limits the use of the current generation high fidelity sensor simulation technologies that calculate the in-band intensity of each texture pixel (texel) in real-time..  

OBJECTIVE: The objectives of this SBIR effort are to: (1) identify an approach to implement real-time multiple spline, wavelength-dependent attenuation and real-time texture color table updating to meet the requirements of current generation simulations at 60 Hz, (2) demonstrate the design implementation with software, and (3) document the results, identifying limitations of the design, characterizing the performance impact, and providing an implementation schedule.

BENEFITS: This effort will result in real-time, high-performance simulation of sensor-based imagery, including night vision goggles sites and thermal imagers.  It will provide a capability to create high-quality, low-cost training simulations for various training applications.  A new generation of game scene rendering capabilities will also be possible.

STATUS: Awaiting contract award for Phase I.  Proposal evaluations complete.

-----------------------------------------------------

TEXEL BASED COMPUTER GENERATED FORCE (NAVAIR)

BACKGROUND: Currently there are several cost issues facing training system developers when creating distributed simulations and highly correlated multi-sensor environments.  The highest cost is the development of several positional and information resolution correlated databases for OTW (Out-the-Window), FLIR (Forward Looking Infrared), SAR (Synthetic Aperture Radar), MF (Mission Function), and SAF (Semi-Automated Forces).  The databases must be correlated so that the world the pilot sees is the same as is seen by a Computer Generated Force (CGF).  

A new technology called Texel encoded texture, developed by the Navy in 1990, allows a single copy of a single database to be used.  Material information can be encoded at every pixel to be used to fulfill computational needs for OTW, FLIR, SAR, and MF databases by performing physics calculations on the material encoded pixels every frame.  Using a single database assures correlation (both location and resolution), reduces production costs and schedules, and eventually reduces system hardware costs.  

CGF systems are the only systems requiring the production of unique databases because of their underlying polygon-based architecture.  Current CGF system databases cannot be converted to pixel-based data without losing important information. The additional steps needed for conversion or reproduction increases system production costs/schedules and increases correlation problems.  Lastly, in mission rehearsal environments the additional time spent developing, downloading, and loading multiple copies of the database reduces the number of pilot/missions that can be flown.

OBJECTIVE:  The objective of this SBIR effort is to evaluate the current database structures and architecture of selected CGF systems to determine the ability of the system to be modified to accept texel level encoded texture databases.  Sample modifications of existing CGF software will be made to demonstrate the ability of the system to determine material attribution under the vehicle for mobility from a pixel in a texture pattern.

BENEFITS:  The commercial potential will be a run-time license of the modified CGF software to use this capability as part of a delivered training system.  The software capability lends itself to the next generation of game engines, since it uses the new graphics database capability being introduced in the commercial market.

STATUS: Awaiting contract award for Phase I.  Proposal evaluations complete.

-----------------------------------------------------

TOOLBOX/INTELLIGENT ADVISOR FOR CREATING PEDAGOGICALLY CORRECT,

INTERESTING AND MOTIVATING INSTRUCTIONAL CONTENT (OSD)
DESCRIPTION: The military is beginning to rely on distance learning to train its workforce. Distance learning has been identified as an instructional tool that may significantly contribute to the development of the high levels of skills and knowledge necessary to deal with increasingly complex weapon systems and wider ranges of missions. Unfortunately, too little attention has been directed to the quality of the instructional content.  

It is well known that web-based instruction may not be as interesting and motivating as other methods of instruction. For example, the drop out rate in web-based training is higher than in the traditional classroom.  In part, this may be due to the lack of social interaction, but web-based training also may not be as engaging as that which occurs in the classroom. It is clear that online training requires more than simply reusing training materials by posting them on the Web (e.g., posting PowerPoint slides).  While there are many useful tools for creating pedagogically correct instructional content for the Web, practical guidelines and tools are needed to help instructional designers produce content that is also interesting, motivating, and engaging.

OBJECTIVE: The objective of this SBIR effort is to create a toolbox of design strategies along with an intelligent advisor to help the developer match strategies to the particular material.  The toolbox will include several major categories of motivational tools: (1) social interaction (e.g., incorporating on-line collaboration with other students); (2) dynamic graphics and sound effects; and (3) gaming strategies (e.g., incorporating imaginary situations, competition, challenge, simulated danger, high response rates).  The intelligent advisor will include an interface that can query the developer regarding characteristics and uses of the training content. Together, the toolbox and intelligent advisor will make suggestions and provide guidance for possible ways to enhance existing content, and guide the developer through the steps necessary to implement the strategies and evaluate the training effectiveness of the implementation. 

BENEFITS: With the aid of an effective tool for creating engaging distance learning environments, instructors can develop online courses that are motivating enough to maintain the interest of students so that they not only complete the course, but are able to learn and retain the information.  When such a satisfying online learning environment is created, students will be encouraged to return for more training.

STATUS:  Four companies will be awarded a Phase I contract.

-----------------------------------------------------

INTELLIGENT ASSISTANT FOR 

WEB-BASED TRAINING VIGNETTE DESIGN (OSD)

DESCRIPTION:  Implementing distance learning in the military is presenting many challenges.  Two such challenges are designing courses that are engaging and that can be completed during the relatively short periods of time available for on-line learning.  As such, instructional designers are searching for alternative techniques to present information that actively engages users beyond electronic page turning.  Training vignettes may be a feasible instructional technique for meeting these challenges. 

A training vignette can be described as a relatively short scenario that focuses on teaching one or two specific behavioral training objectives.  Providing trainees with training vignettes can capitalize on effective training strategies such as concentrating on a single well-defined learning objective, offering a simulated yet realistic situation, focusing on behavioral responses, engaging the learner in practicing skills, measuring performance, and providing constructive feedback.  Furthermore, trainees should be able to complete a single training vignette in less time than the typical one-hour lesson.

A web-based tool to aid in the design and development of training vignettes could be an asset in many military domains.  To capitalize on the potential benefits of this training technique, a tool that includes guidelines for the design and development of instructionally sound vignettes, templates for their creation, and strategies for assessing and providing post-vignette feedback is needed.

OBJECTIVE:  The objective is to design and develop an intelligent tool to aid instructors in the creation of training vignettes for use in distance learning settings.

BENEFITS:  OSD seeks to reduce the time required to develop distance learning vignettes while improving their quality.  Improvements in the quality of the distance learning materials will result in increased learning.  The existence of a tool for creating vignettes should, in turn, result in an increased use of vignettes in training materials.

STATUS:  Four companies will be awarded a Phase I contract.

-----------------------------------------------------

PHASE II 

NATURAL LANGUAGE UNDERSTANDING IN 

ADVANCED DISTRIBUTED LEARNING (OSD)

DESCRIPTION: In a recent report by the Office of the Deputy Under Secretary of Defense for Science and Technology, natural language understanding by computers was identified as a technology that is required to develop intelligent computer-aided instruction for the emerging field of Advanced Distributed Learning (ADL).  The report identified a research goal of providing full, natural communication between trainees and training and performance support systems in order to direct the trainees' attention to relevant simulation features in a non-confusing, non-interfering way.

There are five main technology areas involved in a human to machine dialog system: Speech Recognition (SR), Natural Language Understanding (NLU), information retrieval, language generation, and speech synthesis.  In such a system, the SR component converts audible signals to digital symbols and probabilistically produces candidate sentences.  Then language understanding software attempts to parse the literal output of the SR. Language understanding can be accomplished by applying basic grammatical rules to parse a sentence into its subject, verb, object, etc., producing a semantic frame. The semantic frame can then formatted into a database query to retrieve the desired information.  Lastly, the information can be formatted through language generation and converted by a speech synthesizer into speech that is understandable by a human.

Natural language understanding systems have the challenge of extracting the intended meaning of syntactically correct text input.  Simply connecting an existing speech recognition system to an existing Natural Language Processing (NLP) system is not optimal because the speech recognition is a probabilistic system and errors will be propagated to the NLP system.  Methods are required to correctly interpret the speech recognition output in a human dialog system.

Human dialog systems developed to date are few in number and can deal only with limited domains of knowledge, such as weather forecasts and flight schedules.  Further, the methods for their development are not commercially available.  Development of a human dialog system requires integration of domain knowledge into multiple technology areas.

OBJECTIVE: The objective is to investigate and demonstrate the feasibility of methods for automating the development of natural language understanding and human dialogue systems for improving cognitive readiness.

BENEFITS: The development of the tools to aid on the representation of human dialog for the ADL domain would reduce the risk of human dialog system development as well as improve the accuracy of such a system due to streamlining of the phraseology and consistency in method.  A tool set for producing human dialogue systems using natural language understanding has potential applications in any field where a human machine interface using a personal computer can be employed for training, instruction, or database query.

STATUS:  Two companies were awarded a Phase I contract. One company has been selected for a Phase II contract.

-----------------------------------------------------

PERSONAL EDUCATION AND TRAINING ASSISTANT 
FOR DISTANCE LEARNING (OSD)

DESCRIPTION: The Navy, Army, Air Force and Marine Corps must train their personnel to high levels of skills and knowledge to deal with increasingly complex weapon systems and wider ranges of missions.  Distance Learning (DL) has been identified as an instructional tool that can significantly contribute to this goal in The Navy-Wide Distributed Learning Planning Strategy (Director of Naval Training, 7 December 1998).

DL has also been identified as an instructional tool that can significantly contribute to improved training in the Marine Corps Multimedia Infrastructure Mission Needs Statement (MNS) number TNG 1.23 dated 04 August 1994.  The associated Operational Requirements Document notes that "The MNS identified a significant shortfall in the development, distribution, and management of resident and DL throughout the Marine Corps." This MNS focuses on the hardware and software necessary to make course materials accessible, to Marines via the network, 24 hours per day, seven days per week, and 365 days per year.

The other Services and the Department of Defense (DoD) are also strong advocates of DL.  Once DL networks are established, innovative methods will be required to schedule, monitor, assist, and provide performance feedback to individual trainees in DL.  One-on-one tutoring has long been recognized as the most effective method of instruction.  This attribution is so strong that a 1997 report from the National Academy of Sciences stated that “In military training …, a single instructor for every student is an instructional necessity and an economic impossibility."  This same report went on to suggest that one method for achieving this goal is to develop "instructional intelligence" using "Intelligent Agents."

OBJECTIVE: The objective of this Phase II SBIR is to develop, demonstrate and evaluate an intelligent interface agent that provides counseling, pedagogical information, scheduling, testing, performance feedback, and learning management.  The desired agent capabilities include compatibility with DoD networks (i.e., compliance with the Shareable Courseware Object Reference Model or SCORM), reasonable pedagogy, user selectable interface, scalability, open architecture, modularity, personification, and transportability.

BENEFITS: Current ADL applications are not tailored to the individual user.    The user must search and find the relevant information for performance support needs.   Training materials are presented with no pedagogical adaptation to the individual learner.    People learn more and in a shorter period of time when assistance and tutoring are tailored to their specific needs and capabilities.

STATUS: One company will be awarded a Phase II contract.
-----------------------------------------------------

MOTION COUPLING IN A DEPLOYABLE VIRTUAL ENVIRONMENT (VE) 

TRAINER (ONR and NAVAIR)

DESCRIPTION:  The military's vision of deployable training systems introduces a novel problem for application of Virtual Environments (VEs) in these settings.  Cybersickness, a type of motion sickness particular to immersion in a VE, is produced by discordance between the perception of motion in the VE and lack of actual motion.  This could substantially limit the usefulness of virtual training systems in the field.  One possible method of combating this problem is to include actual motion in the virtual trainer.

OBJECTIVE:  Creating a means of matching true motion to a VE could enable the effective implementation of deployed virtual training systems.

BENEFITS:  This effort will develop a means for effectively realizing deployable VE training systems.  The efficacy of deployed VE training systems could be severely compromised without coupling actual motion with the perceived VE motion feedback.

STATUS: The Phase II Effort was awarded in FY 01. 

.

-----------------------------------------------------

INERTIAL SENSOR TECHNOLOGY (NAVAIR)
BACKGROUND: Inertial sensors are essential components of Inertial Navigation Systems (INS) used in guidance instruments on aircraft, ships, and weapon systems.  Miniaturization of the basic INS components (angular rate gyroscopes and linear accelerators) has led to new uses of inertial sensors in automobiles (e.g., air bag release sensors).  Further size and weight reductions resulting from micro-machining technology now permit their use as inexpensive, high fidelity sensors for human body and object tracking.  Inherent properties of inertial sensors offer the potential for high resolution, low latency, unlimited range/working volume, and immunity from noise, electromagnetic interference (EMI), and line-of-sight obstructions.  One or more of these problems plague all other tracking technologies.  Inertial sensors measure angular rates and linear accelerations directly; therefore, they also greatly improve motion prediction capability.

In order to achieve the full potential of the technology, advanced sensor fusion based on Complementary, Extended, or other new Kalman filter techniques is required to perform dynamic correction of inertial sensor drift, and precise prediction of future object states. Increases in computational power allow formulation and validation of high-order, large state vector algorithms that can be optimized for a given error tolerance in either position or orientation accuracy.

The first Phase of the SBIR effort was directed at obtaining and testing samples of the latest Micro Electro Mechanical Systems (MEMS) gyros and silicon accelerometers.
OBJECTIVE: The objective of Phase II is to integrate MEMS gyros and accelerometers with an on-board embedded processor to provide a production-ready IMU package that exhibits the following improvements over existing IMUs:

· Improved Calibration and Compensation

· On-Board Processor

· Smaller Size

· Lower Power Consumption

Latency of the head tracker is expected to be on the order of 5 milliseconds.  When this latency is combined with the display generation time for a typical out-the-window scenario, it should permit end-to-end visual cue latency to be held to less than 110 milliseconds. At the option of the Government, the IMU will be integrated into a Government test bed to provide a fully functional head-tracking device.

BENEFITS:  This effort will extend the performance capabilities of miniaturized inertial sensors for use in critical Navy applications.  These applications include head tracked weapon targeting systems, greatly improved Head Mounted Display performance in Naval Aviation simulators and mission rehearsal/planning systems, and for inexpensive, accurate instrumentation/test data collection equipment for flight testing and telemetry.

STATUS: The Phase I testing resulted in the identification of key characteristics of the latest MEMS gyros and silicon accelerometers that, in turn, indicated the algorithms that should be incorporated in an onboard processor for error compensation.  In addition, a strategy for rapid calibration of the Inertial Measurement Unit (IMU) was formulated.  An 18-month Phase II award was made in FY01 with a planned 6-month option.

-----------------------------------------------------

TOOLS FOR LINKING TRAINING TO COMBAT READINESS (ONR)

BACKGROUND: Fleet training and readiness assessment systems have relied heavily on Measures of Effectiveness (MOE) strategies that attempt to describe mission outcomes, end states and results in quantitative terms. While MOEs can offer a valuable, high-level perspective, outcome-based analyses often are unable to separate an operator's performance deficiencies from system or tactical doctrine deficiencies, or from simple chance events.  MOEs do not yield appropriate diagnostic information on performance problems and, therefore, are ineffective in prescribing corrective training solutions, because they identify the results of an operator's action, without regard to the method the operator used.

Understanding “Why” a failure occurred is as important as identifying "What" failed because hardware, performance, and tactical deficiencies have dissimilar resolution strategies.  "Why" questions are addressed through Measures of Performance (MOPs), which focus on the processes that lead to outcomes.  MOPs describe the knowledge, skills, and abilities of individuals and/or teams.  Performance is successful if the best decision was made and executed -- regardless of outcome.  A process-based MOP training system must aim for consistent, systematic, and quantifiable performance and training improvement.  For that reason, it must provide programmatic feedback to training programs in order to determine and maximize training effectiveness.  If one can measure training effectiveness and link that metric to combat readiness, then for the first time a value-added approach can be applied to training investment.  Establishing these links is critical to the process.

During Phase I of this effort, a proof-of-concept demonstration of the feasibility and value of using Bayesian networks as a technological underpinning for a set of tools to support performance assessment, performance, analysis, and training analysis was performed.  Three demonstration models were developed to illustrate the use of Bayesian network technology to support:

· A MOP-based performance assessment and diagnosis tool

· Proficiency profiles for individuals and teams

· An approach for assessing the effectiveness of training methods

In addition, a preliminary conceptual and design framework for an automated performance assessment and debrief support tool and prototype instructor interface software were developed as part of the demonstration.

OBJECTIVE: The Phase II effort will develop a prototype assessment, debrief, and analysis tool to enhance the training process and improve the user community's ability to link training to performance readiness.  Within the overall scope, there are two primary objectives.  The first is to develop a prototype Tactical Warfare Instructional Support Environment (TACWISE) product that can be applied in a wide range of Government and commercial training environments.  The second is to populate the TACWISE tool with data necessary to meet the specific requirements and constraints of Sea-based Weapons and Advanced Tactics School (SWATS) training.

BENEFITS: Improving the training “process” through establishment of a performance based system (MOP) will improve safety and increase combat readiness as determined by properly measuring the outcome (MOE) and by providing rapid feedback to training.  The goal of this project is to provide a training model/road map to significantly improve combat readiness without increasing training resource expenditures.

STATUS: A 24-month Phase II effort was awarded in FY 00 with plans for a 6-month option.  The development of the TACWISE tool followed a classic "spiral design" approach.  This approach entails systematic introduction of new functional capabilities followed by immediate testing in a real-world setting.  Thus, each new function is added in a modular fashion to an already tested body of code.  

During FY00 and FY01 TACWISE software was extended to include improved data entry interfacing; linking of multiple raters over a wireless network; and the creation of a single, integrated database of rater observations.  The tool was also given design functions to produce an integrated scenario timeline immediately after an exercise using multiple sources of event and observational data, and authoring functions to modify and tailor the performance standards and measures beyond the original ASW domain.  The tool's analysis capability was also enhanced by permitting the creation of multiple tailored reports on specific performance measures.  Each of these functions has been tested in the context of a live Anti-Submarine Warfare (ASW) exercise monitored by SWATS raters using TACWISE software. The tool was also demonstrated to additional potential customers including Naval Strike and Air Warfare Center, Center for Naval Analysis, and Battle Force Tactical Trainer (BFTT).  

The planned acceptance of the Phase II option will permit the developer to convert the tool to a format that will permit multiple raters to collaborate during a large-scale exercise on a secure internet link.

-----------------------------------------------------

ACCESS CONTROL VIA REMOTE PERSONNEL IDENTITY VERIFICATION

FOR SENSITIVE DATA AND TRAINING APPLICATIONS

UTILIZING SMART CARDS (ONR)

BACKGROUND: The new Department of Defense Common Access Card may provide a solution for the growing problem of controlling who has access to sensitive on-line materials.  Situations exist where widely dispersed audiences, using wide area network (WAN) based applications, require various levels of access to sensitive data and information.  The use of a smart card, in combination with this new architecture (rSecure) can provide easy control over on-line access/user identity, and verifiable controls over sensitive data access.  

rSecure and off the shelf smart cards can put access controls into the hands of non-technical personnel, allowing them to decide to whom access to online data will be granted and what level of verification will be required. For example a smart card, when combined with rSecure, can allow for access control based on personal data such as rank/rate.  The architecture also provides a means of automating remote identity verification, via biometrics (fingerprinting, iris scans, facial identifiers, etc.) with identity verification done at the card level (users end) and not through a centralized data-base system.  With rSecure, a smart card can be used as a key to activate the correct security levels as well.  

Additional benefits include access control to training exercises (based on either a sailor’s proficiency ratings and/or certifications), as well as a vehicle to store a student’s course transcripts on the smart card. In industry, smart cards are currently used to provide easy access control over encrypted files and corporate Internet e-mail access.

OBJECTIVE:  The objective is to develop software to be used to control access to sensitive on-line material. New technologies are available to replace the username and password as a means of controlling access to sensitive online data.  Numerous smart card solutions, biometric tools, and public key infrastructure (PKI) products are being introduced into the market at a rapid pace.  rSecure addresses this situation by enabling the average computer user to access and (with mouse clicks) employ these new high-tech alternatives to the old login/password controls  over sensitive online data. 

BENEFITS: The Department of Navy is now using multi-media technical bulletins and distance learning opportunities, which require validation of personnel accessing the data from remote sites.  The control of access to sensitive data and training exercises, particularly for a WAN distributed exercise, is difficult and has been limited by the ability of the system to provide physical as well as software controls for user access.  The multi-level secure system (rSecure) helps to ensure physical and on-line software separation, restrictions to data access, and simultaneous validation of the user’s identity.  Additionally, smart card technology has tremendous potential in the commercial industry.  Multi-level access control can be used as a key to internet authorization, bank-teller access, automatic check cashing machines, personal medical information with limited access controls, university student identification cards, etc.

STATUS: A 24-month Phase II contract was awarded in FY00 with a planned 6-month option. So far the effort has completed development of a middle-tier, software application layer security architecture and implementation to enable security and access control features into distributed multi-media resources.  The prototype is being tested at Naval Surface Warfare Center Crane, and is ready for field testing at other sites.

-----------------------------------------------------

DECISION MAKING ABOUT MULTIMEDIA IN DISTANCE LEARNING:

INTERACTIVE MULTIMEDIA INSTRUCTION TRADEOFFS TOOL (NAVAIR) 

BACKGROUND:  Given the increase interest in Distance Learning (DL) for the military, intelligent, collaborative tools that focus on Interactive Media Instruction trade-offs will be valuable not only to Navy decision makers but also users in other Department of Defense, industry, and academia organizations. The intelligent and collaborative features are based on the fact that the tools will contain the knowledge (information, logic, processing capability) to coach and support the user with wizards, diagnostics, hints, and examples. 

There is a need for an interactive multimedia instruction tradeoff tool (IMITT) at several points in the life cycle of a training program. The tool is needed for new emerging systems, where a detailed syllabus and learning objectives do not yet exist.  It is also needed for existing, mature programs in which it is necessary to save dollars while keeping the level of training at least of the same quality. 

There is also a need for IMITT to support decision-makers at several organizational levels. These include the schoolhouse, where specific questions of where, how and for whom multimedia might be effective may be asked, as well users who ask strategic planning questions about the introduction of multimedia technology in order to reach organizational objectives and still live within real-world constraints. 

Thus, IMITT will be invaluable for training practitioners, policy makers, budget managers, and support agents of operation and maintenance of training. 

OBJECTIVE:  IMITT is intended to provide tools for decision making about multimedia instruction with a focus on DL.  IMITT is a web-based collaborative workgroup application that uses intelligent multimedia interfaces to aid decision-making about using multimedia for distance learning. By intelligent, we mean that the tools learn about the user and adapt the interface accordingly.

BENEFITS: IMITT supports training planning and analysis at all levels as well as coordination between levels.  Members of a planning and analysis team can be geographically distributed, and the decision resulting from the distributed decision-making process will be enhanced.  This is because IMITT has comprehensive data on various courses and can all of the right decision makers such as budget and finance people, instructors, fleet users, policy-makers, and technologists.  The use of IMITT will ultimately enhance performance of the trainees.

STATUS: The Interactive Media Instruction Trade off Tool (IMITT) was developed in Phase I.  The results are documented in the Naval Air Warfare Center Training System Division (NAWCTSD) Technical Report, TR97-009, dated June 1997. Phase II is nearing completion.  Several elements of IMITT have gained user interest.   These include a media asset repository, media analysis, and course development costing functions.  The media repository, in particular, has gained attention because it has promise to support the accessibility, reusability, and interoperability goals of the Office of the Under Secretary of Defense Advanced Distributed Learning (ADL) initiative and Sharable Content Object Reference Manual (SCORM) specifications.  

A one-year Phase III contract was awarded in September 2001 to enhance the repository to be implemented Navy wide.  The costing and media analysis functions are beginning to fill a gap in tools for the Navy air training community and although the entire trade-off functionality of IMITT is not being used at this time, these functions are being modified to better meet these needs.

. 

-----------------------------------------------------

ULTRA HIGH RESOLUTION PROJECTOR DISPLAY (NAVAIR and ONR)

BACKGROUND:  The availability of ultra-high resolution projectors is of high interest to the Navy in the development of present and future training systems.  Under Phase I, a bench model was developed that demonstrated 1280 x 960 pixel resolution on an LCD with only 640 x 480 pixel resolution.  This was accomplished with a patented optical illumination technique that accurately subdivides the individual display pixels. 

The Phase II effort is focused on further development of the technology and the demonstration of it's ability to achieve high resolutions.  Throughout this effort, developed bench models will be used to address the technical challenges inherent with the proposed light modulation approach.  These challenges include: an effective means to modulate light, illumination efficiency, optimal micro-lens placement, presence of visual artifacts and a high bandwidth interface.  The prototypes will undergo a series of performance and psychophysical tests to establish the technology's initial benchmark in terms of illumination efficiency, visual artifact visibility, image quality, and projected resolution.

OBJECTIVE:  The objectives are to: 1) develop and assemble a functional prototype projector with 2048 x 1536 resolution based on commercial 1024 x 768 display device, and 2) demonstrate the ability to increase the resolution nine-fold (triple in both the horizontal and vertical directions), yielding a monochrome image with 1920 x 1440 pixel resolution using a 640 x 480 device. 

BENEFITS:  This high-resolution display technology is scalable with increases in commercial display resolution and speed (i.e., the approach trades excess pixel switching speed for greater display resolution).  Department of Defense (DoD) applications include high brightness/high resolution, full color large screen command and control projection displays and flight simulator dome projectors, tactical/sensor/radar displays and ultra high resolution Head Mounted Displays (HMDs) and Heads Up Displays (HUDs).

STATUS: The feasibility of the core innovation has been proven, in Phase I.  A 24-month Phase II contract was awarded in FY01 with a planned 6-month option. From onset, the program was known to be ambitious in schedule relative to funds available.  Certain critical components have been delayed because of vendor difficulties.  Currently, the program is nearing completion of the test bed projectors, and a successful demonstration is likely, contingent on funding the 6 month option.  New high-speed LCD technologies have recently become available that can be exploited for a significant reduction in bandwidth requirements, and will doubtless help the transition to a commercially viable product. 

-----------------------------------------------------

ADVANCED DEVELOPMENT OF SHADOW BUFFER CONTROL 
MODULES FOR VISUAL SYSTEMS (NAVAIR-Fast Track)

BACKGROUND: The development of ShAAdow ™ Control Module is critical to the creation of low cost, high resolution, high brightness visual display systems.  The module integrates end-to-end control of the entire real-time visual pipeline from image generator to display device output, including advanced multiple channel support (e.g., tiling displays, edge matching, edge blending, color matching, geometry correction, screen space adjustments and warp features).

Phase I demonstrated the feasibility of the innovative integrated control of a PC-based image generator, real-time scene manager, LCD projector, and screen space attributes by the shadow buffer control module.  Further, feasibility was demonstrated of tiling multiple low-cost visual channels coupled with low-cost high lumen LCD projectors to produce high resolution, high brightness projected displays suitable for use in military simulations and civilian applications.

OBJECTIVE: The objective of Phase II is to continue development of Shadow Buffer Control Module automation of visual systems setup, calibration and operation to control the spatial, temporal and color spaces critical to realistic visual display systems.  This developmental effort has the following functional goals:

· Shadow buffering for tiled high resolution displays

· Fully functional PC image generator in operational, high fidelity aircraft simulations

· Shadow buffering enabled for graphics insertion into output image (Heads Up Displays (HUD), Maverick tracking, and graphics)

· Curved screen demonstration of low cost PC based graphics boards driving low cost, bright digital projectors for cost effective, immersive display solution meeting high performance standards

BENEFITS:  This control module will help reduce the acquisition cost of training simulator display systems and display system upgrades for Naval aviation training simulators and other military training simulators.  The Phase II Shadow Buffer Control Module Products will provide a capability to adjust the displayed images such that multiple projectors will create one continuous image wrapped displayed on a curved screen.  The ability to create high quality, low cost seamless video walls also has wide commercial applications.

STATUS:  An 18-month Phase II contract was awarded in March 2000, with a 6-month option awarded effective 2 January 2001. Throughout Phase II, the Shadow Buffer PC-IG was sold to numerous Air Force and Navy customers who use the technology to provide state-of-the-art, high-fidelity image generation for use in research, and test and evaluation. During a recent visit to AFRL Mesa, SDS also Recently, both the AAcuity™ PC-IG and the Quad Screen ShAAdow Buffer™ technology (3200x2400 pixels/channel resolution) was successfully demonstrated to key members of the Air Force Scientific Advisory Board. 

-----------------------------------------------------

ALTERNATE TIME MANAGEMENT SCHEMES FOR USE IN HLA

FEDERATE SIMULATION (NAVAIR-Fast Track)

BACKGROUND: Over the years, the Navy and other US Department of Defense (DoD) Services have invested considerable resources in developing and maintaining sophisticated training devices to ensure that we have the best fighting force in the world.  Systems have been developed to ensure that our soldiers are properly trained to successfully complete the required mission with the greatest chance of survival.  Due to technological constraints, these training systems have typically focused on the individual soldier or on specific skills required during a mission.  Advances in simulation technology over the last five years have created new possibilities for training that now allow teams of soldiers to "train as they fight."  

The High Level Architecture (HLA) is the new DoD standard for distributed simulation and it embodies many of the technological advances that enable this new paradigm of training.  It is now possible, in a cost-effective manner, to provide distributed mission training across Navy and Joint assets.  

The Navy has identified several key areas that can capitalize on the enabling infrastructure available with the HLA, which will turn the possibility of distributed mission training into a robust capability that readies our forces for the 21st century.  The most promising tool produced by the research is the Federation Application Integration Infrastructure (FAII).  The FAII will provide a low-cost solution to enable the current Navy assets to migrate to HLA and yield interoperable simulations/simulators that can be leveraged to provide realistic distributed mission training.

OBJECTIVE: The objective of this Phase II effort is to develop tools, such as the FAII, that will enable legacy simulations and simulators to quickly integrate with the HLA Run-time Infrastructure (RTI) and inter-operate with multiple federations without costly modification to simulation source code interfaces.

BENEFITS: This effort will develop a HLA-compliant software architecture to be used to reduce interface problems associated with the interoperability of multiple federates.  This is necessary to support efficient networking of different federates to provide a federated mission oriented training capability with the required fidelity to train crews in a total tactical (joint) environment.  This technology can be transitioned and support any HLA compliant federation in a wide variety of applications including both commercial and military.

STATUS: A 24-month Phase II contract was awarded in FY00.  The FAII tool is being developed on schedule and budget.  The tool has been used in the Department of Modeling and Simulation Office’s HLA Compliance certification. In addition, a “Beta” release of a commercial version is in testing; Navy, Army, and Air Force programs have been selected for or identified for trial uses of the tool; and commercial suppliers of training systems have chosen the tool to provide HLA Compliance for their existing (legacy) simulation products.

-----------------------------------------------------

SOFTWARE TOOLS TO CREATE BUMP-MAPPED TEXTURE (NAVAIR)
BACKGROUND: High performance Image Generators (IG) are beginning to transition to advanced phong shading and bump-mapped textures for greater simulation fidelity.  Existing database development systems cannot take advantage of this important technological improvement.  Bump-maps modulate texture surface normal vectors on a pixel basis.  The benefit is improved visual cues such as depiction of terrain roughness and glint from water and metal.  For full illumination effects, shadows must be complimented with effective phong shading which require bump-mapped textures.  However, cost effective implementation of this technology into Naval Air training simulation requires automated bump-mapped texture modeling tools that are currently unavailable.

OBJECTIVE: The objective is to develop software tools to create bump-mapped textures from a wide variety of source data types such as IG databases, geo-specific photo imagery, geo-typical imagery, stereoscopic image disparity, etc., with a smooth transition between levels of detail and into polygon models.  The bump-mapped tools will be used to produce a library of at least 300 patterns in support of on-going and future Navy programs.

BENEFITS: To reduce the cost of developing databases for Naval Aviation training simulators while simultaneously increasing visual system fidelity to currently unobtainable levels.  Dual-use application includes real time high performance simulation, such as commercial aviation flight trainers.  The ability to create complex textures also has wide commercial application for graphic arts and entertainment.

STATUS: A Phase II contract was awarded in FY00.  Significant accomplishments so far include the creation of 232 bump maps, and the testing of Stereo Extraction and an ocean wave synthesis tool.  A user's manual for Synthetic texture is under development.
-----------------------------------------------------

MULTI-RESOLUTION TERRAIN (NAVAIR)

BACKGROUND: In order for the next generation of force representation simulations to be effective, it will be necessary to produce multi-resolution correlated data sets that drive them more effectively than today.  These data sets differ from the layered terrain data typical of standard National Imagery and Mapping Agency (NIMA)/ Geographical Information Systems (GIS) products in their data integration and spatial organization.  This integration and organization is necessary to allow real-time simulation and interoperation of visual, sensor and Semi-Automated Force (SAF) systems.  Current techniques, that convert NIMA “source data” into “synthetic environment databases”, are usually iterative and complex.
For typical applications such as real-time visualization applications, interim terrain databases (TDBs) are created from standard digital terrain data sources such as digital terrain elevation data and digital feature analysis data by terrain database generation systems.  These databases are then compiled into spatial and size-optimized run-time formats, and finally loaded and manipulated by application resources.  At the center of the process are Database Generation Systems (DBGS) and the interim terrain databases they maintain and create, which are referred to as "DBGS Terrain Databases” or Synthetic Environment Databases (SE).

There are many points in the terrain database generation data flow pipeline where new approaches and improved methods can be applied with the goal of increasing fidelity and decreasing development times and costs associated with terrain database generation.  For example, increased automation could be applied in processes that currently require a high degree of human interaction.

Additionally, the impending arrival of very high-resolution commercially available satellite data will reduce the production cost and time, while increasing the fidelity of terrain databases for most applications.  New DBGS tools are required to more efficiently exploit this resource.

OBJECTIVE:  The Phase I effort resulted in a detailed examination of the issues associated with efficient terrain database production for a wide range of military applications.  An architecture was developed to provide the infrastructure for managing the production process, reducing the time and expense of producing visual system databases, and providing a means of source data reuse across a range of visualization systems of multiple aircraft platform simulation training devices.

The Phase II effort developed a prototype simulation database generation system for efficient creation of real-time multi-resolution terrain databases.  The system was enhanced during a 6-month option period. This database generation is being provided to the Air Force. The prototype focused mainly on imagery issues, leaving feature modification to 3rd party COTS tool sets. Documentation and ease-of-use are present concerns.

BENEFITS: The availability and commercialization of this software tool set for automated synthetic environment generation will provide several distinct benefits to the Department of Defense (DoD) and the modeling and simulation community.  The benefits include: decreased production time and higher quality databases through the automation of key functions and multi-resolution capabilities; a means for common process identification and exploitation across a variety of DoD acquisition and simulation programs; and significant cost savings due to usage of existing technology and re-use of data and databases.  Market potential for commercialization is large, as development of technology for the automated generation of synthetic environments supports advances in architecture, civil aviation, entertainment, and GIS exploitation.

STATUS: Prototype completed.

-----------------------------------------------------

TECHNOLOGY DELIVERY SYSTEM (NAVAIR)

BACKGROUND:  Current electronic classrooms are based on low bandwidth networks supporting computational intensive work being performed at the student's computer.  Advances in telecommunications, Operating Systems (O/S), and computing allow the use of high bandwidth systems to deliver streamed audio and video to the student.

The Advanced Training Technology Delivery System introduces a new training production paradigm for skill training.  Based on an extension of the concept of dynamic web pages, this paradigm greatly reduces the requirement for skilled personnel in the maintenance phase, shortens the update time for training, and automatically manages the consistency between the training and the equipment for which it is intended, such as aircraft. Consistency can be established in training given in the schoolhouse, in the squadron, and on the flight line by building training from a common set of elements.  By tying the training elements to the individual aircraft in which their target components are installed, a proper training configuration can be guaranteed.

During the Phase I effort, research was conducted in component technologies for a training network, the capabilities they provide, and the cost of implementing them over the next two years.  The analysis of trends, and research of emerging technologies in the information systems industry, suggest an object-oriented design for future courseware, and that these courseware objects be developed and distributed as Java applets on an Intranet server.  Key technologies exploited by the schoolhouse of the future will include:

· Internet standards and protocols

· Network computer architectures

· High speed networking

· Multi-dimensional and multimedia databases

· Digital multimedia technologies

· Object models and component-based applications

The Phase I results indicate that Network based training for the schoolhouse can clearly be implemented at a cost competitive with stand-alone systems.  A substantially lower lifecycle cost is possible since the system includes curriculum migration mechanisms.  The process of designing and building a cost-effective networked training environment entails a number of technological choices and tradeoffs.

OBJECTIVE: The objective of the Phase II effort was to develop the architecture and design for, and demonstrate a prototype of, an integrated network-based skills training system.  The system will coordinate and manage presentation of training in the schoolhouse, the tactical squadron, and the flight line, so that consistency of training is maintained across all three venues.  The system will incorporate a set of tools to enable training personnel to easily modify training materials while maintaining and tracking the configuration of the training.  The system will also incorporate an Electronic Performance Support System (EPSS) to assist maintenance personnel in the performance of diagnostic and procedural tasks on the flight line.

BENEFITS: The instructional goals and derived benefits of this technology approach are to:

· Reduce training time

· Increase training effectiveness

· Ensure continued courseware accuracy and consistency

· Tailor training to learner needs

· Certify student competencies at training completion

· Provide valid exportable courseware for use in squadrons and by the Reserves

STATUS: Completed a Phase II demonstration in October 2001.  Application of the technology beyond the initial emphasis on training is being examined.
-----------------------------------------------------

GPS INTERFACE EMULATION FOR FLIGHT SIMULATORS
(CDNU TRAINER INTERFACE UNIT) (NAVAIR)

BACKGROUND: The Control Display Navigation Unit (CDNU) with an Operational Flight Program (OFP) is used in an aircraft to control the navigation and communication equipment of said aircraft.  This project resolves the problems of applying a CDNU in a flight simulator (trainer system) environment.  Currently, to use the CDNU in a trainer system, the OFP must be modified to an Operational Training Program (OTP) in order to address the trainer-unique functions.  The OFP modification and/or the development of an OTP for each version of each platform are arduous and costly jobs.  In this project, an innovative approach is proposed and developed to address the trainer-unique functions externally to the CDNU; thus, the CDNU with an OFP can be directly integrated into the trainer system without modification.  The cost of modification of the OFP and/or development of an OTP is then eliminated.

In Phase I of the project, the CDNU, trainer system, and data transmissions on the MIL-STD-1553B bus defined by the OFP and OTP were analyzed.  A method external to the CDNU was defined to address the trainer-unique functions such as initialization/reset, freeze, run, slew, snapshot and present position calculation.  A computer-based CDNU Trainer Interface Unit (CTIU) was proposed and defined to realize the external method.  The communication between the CDNU with an OFP and the trainer system is controlled by the CTIU.  The CTIU also controls the trainer-unique functions.
OBJECTIVE: The objective of the Phase II effort is to develop and implement a prototype of the CDNU CTIU, test it in the laboratory and trainer system environments, and demonstrate it on multiple flight simulators.
BENEFITS:  Successful development of the CDNU CTIU will allow the CDNU OFP to interface with the flight training simulator via the CTIU, without changing the CDNU hardware/software configuration.  This will realize significant cost savings.  Additionally, the CTIU hardware/software configuration will be flexible to realize multi-platform capability, such as UH-1N, AH-1W, CH-46E, MH-53E, S-3B, EA-6, KC-130, and F-14.
STATUS:  Design, coding and testing of software primarily related to MIL-1553 interfacing is continuing under a Phase II contract that has been awarded. Major work has been devoted to solving the operating problems related to data archiving and Built-In-Test (BIT).  Also, archiving format and structures for analyzing the message files that will be collected from the Weapons System Trainer (WST) have been investigated.  

-----------------------------------------------------

WAVELET COMPRESSIONS TO INCREASE DESKTOP PERSONAL COMPUTER (PC) REAL-TIME TEXTURE AND TERRAIN PAGING (NAVAIR)

DESCRIPTION:  Over the past decade, graphics hardware and simulator manufacturers have pushed the synthetic environment database technology toward large image-based, texture-mapped systems with each successive hardware release containing significantly more texture memory on-board.  In the past four to five years, high-end systems such as Silicon Graphics Infinite Reality Engine and Evans & Sutherland Harmony have shown simulator customers the type of geo-specific image-based database content that they were eager to incorporate into their environments.  Unfortunately, these systems have resolved the high-resolution image database problem by simply using huge amounts of proprietary, expensive hardware.  This in turn has severely limited the potential applications that exist for this type of image-based approach primarily due to cost.  Also, even high-end applications systems employing huge RAID disk arrays and a gigabyte or more of memory quickly run out of storage area.  Large and medium sized simulator databases, which attempt to use geo-specific satellite imagery, can quickly swell to tens of gigabytes in size.

There is an obvious need to achieve some kind of meaningful technical breakthrough on handling large data sets in real-time.  While high-cost, proprietary hardware solutions can solve issues for some very high-end customers, it will not scale very quickly and will certainly not enable the broad spectrum of more price sensitive applications that require a solution based on standard Personal Computer (PC) technology.

OBJECTIVE:  The objective of the Phase II effort is to select and implement a new wavelet compression algorithm in graphics hardware with supporting drivers for Windows PC systems.

BENEFITS:  NAVAIR seeks the generation and display of large synthetic environment databases with high-fidelity imagery on open-architecture Personal Computer (PC) hardware at much lower cost than existing proprietary hardware and software solutions. 

STATUS:  A Phase II contract has been awarded.  Work is currently in-progress with selection of a wavelet compression algorithm.  Updates are being made to commercial-off-the-shelf software products to support the algorithm.

Technology Transfer Efforts

BACKGROUND: The Federal Technology Transfer Act of 1986 requires federal agencies to optimize the investment of tax dollars in R&D by sharing knowledge and products with other organizations, both public and private.  The Act provides for joint research projects between federal laboratories and others, as well as commercialization of laboratory products.  It also encourages federal laboratories to provide technical volunteers to the community in which they are located. 

NAWCTSD is actively pursuing involvement in the shared federally funded research and enhanced commercialization of government inventions through the Technology Transfer Office.  By sharing Navy training research with the non-DoD public sector, improvements in training and education will occur. NAWCTSD also gains access to subject matter experts and resources at the same time, and learns about civilian resources that can be shared with the Navy. NAWCTSD also receives feedback on its R&D products, which can be used to improve future systems.  Thus, through Cooperative R&D Agreements (CRADAs), the Navy gains R&D products as well as expanded research resources.  In turn, the Nation benefits from new commercial products and additional employment opportunities.

OBJECTIVES:  The objective of the Technology Transfer Office at NAWCTSD is to increase the development of partnerships with both public and private sectors in order to share the cost, development, and application of new technologies, and to foster development of commercial sources for these new technologies. 

BENEFITS:  Through technology transfer, Congress believes that there will be significant benefits to the public.  In the past, many government patents were not licensed and, therefore, government inventions were not commercialized.  To encourage licensing of government patents, Congress has built incentives into the Federal Technology Transfer Act. Government inventors, and the laboratories where they work, share part of the royalties generated from the commercial use of their inventions.  The inventor and the labs profit through this commercialization, and our economy is enhanced through manufacturing and sale of new products.

There are also benefits to the public from the exchange of knowledge and products within the government.  Exchange includes sharing information and products with other federal agencies, as well as with state and local governments.  By sharing knowledge and products on a wide basis, the public reaps the benefits from research conducted for one purpose or agency in many new ways.  The return on the investment of the tax dollar is increased.    

Another benefit of Federal Technology Transfer Legislation has been the establishment of the Federal Laboratories Consortium. (FLC).  This consortium is a network of over 500 federal labs.  The FLC is a clearinghouse for technology transfer and a source for helping agencies learn how to transfer technology.  NAWCTSD is a member of the FLC.

STATUS:  Today, NAWCTSD is actively pursuing technology transfer through a number of activities.  Some of the key initiatives are described below.

COOPERATIVE R&D AGREEMENTS (CRADAs).  NAWCTSD currently has a number of CRADAs in effect and several others under development.  Current CRADAs include:

· Technical Demonstration and Evaluation of an Electromagnetic Motion Platform.  NAWCTSD entered into a CRADA with Linear Motion Technology (LMT) to evaluate, test, and explore applications of electromagnetic motion base technologies.  NAWCTSD will gain no-cost access to a new force cueing technology to assess its potential for Navy, Marine Corps, and other DoD training applications.  LMT will receive a technical evaluation of their newly developed technology and its potential applicability to Navy and other military programs.

·  Affordances in the Design of Virtual Environment Training Systems.  This CRADA, between NAWCTSD and the Boeing Company, explores one of the most promising aspects of virtual reality - the design of systems to capitalize on human perceptual and cognitive consistencies and tacit knowledge. Known as "affordances", these characteristics of human perception and cognition present the potential to both simplify and maximize the communication of information to virtual reality users. Results of this collaborative work will benefit programs of both the Boeing Company and NAWCTSD. Results of this research will build expertise in Warfighter visualization, a DARPA research interest area. 

· Development and Use of a Reconfigurable Simulator Cockpit for Trainer Flight Model Evaluation.  NAWCTSD entered into a CRADA with BIHRLE Applied Research Inc. (BAR) to develop a mobile reconfigurable simulation cockpit that can decrease trainer development time and resolve potential scheduling conflicts during trainer flight model development. Once in operation, the cockpit will be used in flight model evaluations where software and hardware configuration will be further developed to facilitate testing and analysis. This flight model evaluation system is expected to minimize the use of actual trainer hardware for all flight model evaluation and can be used for the development of new automated as well as pilot-in-the-loop evaluation and analysis tools. These activities will result in additional tools and improvements to BAR’s simulation software and will aid NAWCTSD in the development of more effective simulation evaluation methodology.
· Virtual Reality Applications for Assistive Technologies Based on Movement Recognizer Research.  The objective of this CRADA between NAWCTSD and Duke University, acting for and on behalf of its Rehabilitation Engineering Research Center (RERC) for Communication Enhancement, is proof of concept for selected virtual reality applications aimed toward developing a prototype computer based Movement Recognizer. It is hoped such a prototype could be trained by any person, including a person with communication disorders, such that the computer program would learn to recognize and ascribe meaning to the individual’s movement.  This collaboration is expected to augment the quality of virtual reality research in an area with varied military training applications and to accelerate the development of practical tools for persons with communication disabilities. 

ADVANCED DISTRIBUTED LEARNING (ADL) CRADAs.  NAWCTSD works closely with the co-located DoD Joint Advanced Distributed Learning (ADL) Co-laboratory (Colab) in support of the their technology transfer activities. Several CRADAs support the Joint ADL Colab:

· Technical Training Applications in the Advanced Distributed Learning Environment. This agreement with Advanced Engineering & Research Associates, Inc (AERA) supports the White House and Department of Defense Advanced Distributed Learning Initiative.  ADL provides for anytime, anywhere learning.  The technical objective of this CRADA is evaluation and demonstration of ADL technology.  Specific evaluation topics may include: evaluation of software in terms of compliance with emerging standards; learning effectiveness; cost/performance trade-offs; and human system interface. NAWCTSD and the JOINT ADL Collaboratory will benefit from learning about commercial state-of-the-art technologies currently being developed and used in the area of Advanced Distributed Learning.  The military community will benefit from an improved product being made available for purchase.  AERA will benefit from having an objective evaluation from a potential user viewpoint and exposure of their technology through the Joint ADL Co-Lab demonstrations. 

· Advanced Distributed Learning Technology for Medical Application.  This CRADA between the Joint ADL Colab and the Florida Hospital College of Health Sciences (FHCHS) will further apply DoD ADL interoperability standards (SCORM) in dual use training products by developing a specific dual use medical training course/material. This collaborative work will also provide access by military and other potential users to medical Distance Learning training materials not customarily associated with hospital training programs.


· TEAMThink. The purpose of this agreement with Athenium is to test and evaluate TEAMThink, an internet-based collaborative e-learning process and unique patented pedagogy. 
· Learning Objects Network. The Joint ADL Colab is working with Learning Objects Network, Inc. Repository to develop a working prototype of a network of distributed learning repositories and search capabilities, initially using Medical and Allied Health Datasets. This is expected to facilitate development of the distributed components and technologies required for a robust learning objects network. 
OTHER TECHNOLOGY TRANSFER ACTIVITIES.
· Cooperative Efforts with the National Institute for Justice and the University of Central Florida.   NAWCTSD and the National Institute of Justice now share the "Partnership 1" Building with the University of Central Florida (UCF). This is a tangible symbol of the continuing interaction between NAWCTSD and UCF on many topics, including advanced distributed learning, web based and interactive courseware applications to university courses, and topics of interest to the National Institute of Justice. 

· Intergency Agreements.  Current interagency agreements involving technology transfer include agreements with the Federal Aviation Administration, NASA's Kennedy Space Center, and the National Institute of Justice.  The agreement with the latter organization is described in more detail in the next section. 
·  Public Safety Program.  NAWCTSD has a significant Public Safety program which, in close cooperation with the National Institute for Justice, works with law enforcement and other public safety officials representing many agencies and activities. One focus in this program has been the transfer of research and methodology for Team Dimensional Training which includes proven techniques for enhancing the performance of teams making decisions under stress.  This effort is described in more detail in the next section.  Many other technology areas are also shared with law enforcement and other public officials through the Public Safety Program.

WORK IN PROGRESS.  NAWCTSD has several CRADA or other partnership efforts under development. These are expected to address areas such as evaluation of software with potential for automating transfer of existing training course content into web based format, development of prototype job performance aids, and expansion of collaborative work on ADL technologies. 

ANCILLARY FUNDED TASKS


During the normal cycle of program reviews, some Navy R&D sponsored efforts are found by other organizations to contain elements which apply to their own requirements.  When this happens, NAWCTSD examines the similarities and differences in requirements and applications.  A determination is made as to whether there is a significant issue and, if so, who is best able to pursue the technology.


Likewise, the Navy trainer community's review of emerging R&D identifies applications which were not considered during technology development.  A determination is made as to whether a modification to the on-going effort would allow expansion to these additional applications or to establish a special ancillary funded task.  Finally, the Technology Transfer Office provides candidates for ancillary funded research tasks.


The research tasks described on the following pages were determined to be pursued best by NAWCTSD due to special talents, capabilities, or facilities.  They may be funded by other Navy activities or other services or agencies.

NATIONAL INSTITUTE OF JUSTICE 

INTERAGENCY AGREEMENT

BACKGROUND:  The National Institute of Justice (NIJ), the research and development agency of the U.S. Department of Justice, is responsible under the Crime Act for providing funding for technology development projects to enhance law enforcement, courts and corrections technologies, and the demonstration and evaluation of innovative approaches to the development, application and utilization of leading edge technologies.  As such, NIJ recognizes that the Naval Air Warfare Center Training Systems Division (NAWCTSD) promotes the use of modeling, simulation and training technology to improve military performance.  Through research, development and analysis, as well as partnerships with other federal agencies, industry and academia, NAWCTSD is recognized as a leader in simulation, modeling and training.   In 1997, NIJ and NAWCTSD entered into an interagency agreement that is renewed annually, and specific goals/tasks for the year are delineated.

OBJECTIVE:  The objective of the agreement is to promote collaboration between the civilian law enforcement and military training communities.  Additionally, NAWCTSD will participate in the development of joint strategies to explore and develop simulation technologies to support military and law enforcement requirements.  NAWCTSD will serve as a resource and clearinghouse for information on training and simulation technologies and their effectiveness for the law enforcement community.

BENEFITS:  Potential benefits of this agreement include assisting in the development and funding of effective training programs and solutions that address both military and law enforcement peace-keeping needs.  Information gathering and sharing of ideas through participation in workshops, conferences, system demonstrations and exhibits increases Navy and NIJ expertise and ultimately leads to more effective use of resources.  Through collaboration, both the Navy and NIJ will benefit from a reduction in the costs of individual technology products.  

STATUS:  Program management and technical personnel at NAWCTSD have participated in technology presentations and law enforcement workshops at major industry conferences.  A major effort under this agreement has focused on the commercialization of the Weapons Team Engagement Trainer (WTET), which was developed at NAWCTSD and commercialized under a CRADA between the Office of Secretary of Defense and FATS, Inc. NAWCTSD and NIJ are also working together on fielding a Voice Response Translator (VRT) device.  Originally developed for patrol officers, the VRT has potential applications for Navy force protection.  The FY02 effort is described in more detail in this section.  Additionally, NAWCTSD will continue to participate in the development of Training Technology and Simulation Training Seminars, surveys of user needs, reviews of selected training programs for law enforcement, and the implementation of a law enforcement online training information system.  Finally, during FY02, NAWCTSD will work with NIJ on two efforts related to training for school resource officers with a focus on employing Advanced Distributed Learning technology for law enforcement.
VOICE RESPONSE TRANSLATOR
BACKGROUND:  The Voice Response Translator (VRT) is a device originally designed to assist law enforcement officers who need to communicate with non-English speaking individuals.  It was developed under a grant from the National Institute of Justice (NIJ), the research and development agency of the U.S. Department of Justice. Under an existing Interagency Agreement between NIJ and NAWCTSD, described separately in this section, NAWCTSD provided assistance in developing training materials for the VRT and in conducting field tests for law enforcement agencies.  During the field tests, several potential military applications for this technology were identified.  These include potential use for peacekeeping missions and as a tool for anti-terrorism/force protection.  

The VRT is a one-way translator that will translate specific commands or phrases into a specified language.  Non-english speaking personnel can respond to it by gesturing, shaking their head, or writing.  The VRT is small enough to fit in a shirt pocket but can be mounted on a bullhorn and used to cover a broader area.  The VRT currently translates over 200 commands into Spanish, Cantonese, Creole, and Vietnamese.  It can be programmed to any new language and has capacity for up to eight languages.  

OBJECTIVE:  The objective of the effort is to identify and test specific applications as well as promote collaboration between the civilian law enforcement and military training communities.  Additionally, NAWCTSD will participate in the development of joint strategies to explore and develop technologies to support military and law enforcement requirements for dealing with non-English speaking populations.  

BENEFITS:  Through collaboration, both the Navy and NIJ will benefit from enhanced technology and potentially a reduction in the costs of individual products.

STATUS:  Continued field evaluations and development of the VRT will be a major component of the FY02 work, particularly with the current emphasis on military force protection and homeland defense.
TEAM DIMENSIONAL TRAINING TRANSITIONS 

BACKGROUND: Team Dimensional Training (TDT) is a process for debriefing teams after a simulation exercise or an actual performance event.  This process was developed under the Tactical Decision Making Under Stress (TADMUS) program, funded by the Office of Naval Research and performed by researchers at NAWCTSD.  TDT helps teams to diagnose and correct their own performance problems, enabling them to adapt quickly to unfolding events and to learn from and build on their previous experiences together.  TDT is structured around four dimensions of teamwork that have been linked to effective decision-making and tactical performance: Information Exchange, Communication Delivery, Supporting Behavior, and Initiative/Leadership.  

When compared to Navy teams debriefed using traditional methods, teams debriefed using the TDT process have been shown to use more effective teamwork processes, make more accurate decisions, and commit fewer tactical errors.  An instructor workshop has been developed to teach instructors and team leaders to facilitate TDT debriefs.  This workshop has been provided to over 1,500 Navy instructors who train engineering, seamanship, combat systems, and damage control teams on surface vessels, as well as aircrews and submarine attack center teams.

OBJECTIVE:  The objective of the current TDT transition program is to aid military and non-military organizations in implementing TDT as a strategy for improving team processes and procedures.  Toward this end, instructor-training workshops are provided, training tools are tailored to each new environment, and consultation is provided on how to most effectively integrate TDT within various training pipelines.

BENEFITS:  The transition of TDT is expected to result in more effective and efficient use of team training opportunities.  This strategy is also designed to reduce the workload of instructors through the utilization of teammates/trainees as additional evaluators and problem solvers.  Finally, the TDT strategy is expected to aid training organizations in providing more consistent training by standardizing debriefs given by instructors who may vary substantially in their debriefing skills. 

STATUS:  During the last few years, the Technology Transfer Team has provided TDT training to various corrections and law enforcement personnel throughout the country.  TDT was introduced to the correction's environment in 1999 and TDT training has been a part of the Mock Prison Riots at the National Corrections and Law Enforcement Training and Technology Center in Moundsville, WV, for the past three years.  Under sponsorship of the National Institute of Justice, NAWCTSD piloted a TDT Workshop for Law Enforcement personnel in Polk County, FL, in January 2001.  An additional transition effort is planned for the Northeast Counterdrug Training Center, in Fort Indiantown Gap, PA, in FY02.  TDT transition efforts have also been instituted for submarine training commands in Kings Bay, GA and Norfolk, VA. 

OBJECTIVE INDIVIDUAL COMBAT WEAPON (OICW)/
OBJECTIVE CREW SERVED WEAPON (OCSW)

BACKGROUND:  The results of recent small arms technology assessments conducted for the Joint Service Small Arms Program (JSSAP) office has led JSSAP to implement two systems analysis and concept development programs through contracts with industry.  These programs will ultimately produce unprecedented small arms weapons capabilities to the warfighter through the development of both an Objective Individual Combat Weapon (OICW) and an Objective Crew Served Weapon (OCSW).  

The OICW and OCSW contracts with industry are multi-phased and require the Government to decide which concepts should go forward, what design characteristics they must possess, and which technologies must be pursued.  Funds for decisions based on empirical data derived from live fire field studies are limited.  Hence, the need for a validated high fidelity simulator capable of conducting man-in-the-loop investigations.  JSSAP is currently overseeing the development, testing, and training of the OCSW program, while the Program Manager Small Arms (PMSA) is overseeing the development, testing, and training of the OICW program.

OBJECTIVE:  The objective of this effort is to develop state-of-the-art modeling and simulation solutions for the development, testing, and training of new weapon concepts.  The Naval Air Warfare Center Training Systems Division (NAWCTSD) is teaming with both government and contractors to develop a validated test bed and simulated weapons to support a multiyear weapons development plan currently supporting both the OICW and OCSW programs.

BENEFITS:  The development of a validated Small Arms Simulator Testbed (SAST) device and high fidelity simulated weapons (such as OICW and OCSW) allows the testing and training community to use modeling and simulation to augment live fire testing in support of developmental testing, operational testing, advanced technology demonstration testing and small arms weapons training.  As a result of using the SAST device and simulated weapons to support these activities, over $10M dollars of direct cost avoidance has been realized.

STATUS:  This year's activities include supporting both the OICW and OCSW programs.  The OCSW effort will consist of integrating a high fidelity OCSW (recoil, ballistics, and a functional Fire Control System) into the SAST device, developing OCSW testing and training databases, and providing technical support for OCSW advanced technology demonstration testing.  The OICW effort will include integrating optional OICW configurations and supporting OICW live fire and simulated testing and training requirements.

NORTHEAST COUNTERDRUG TRAINING CENTER (NCTC) RAID HOUSE

BACKGROUND:  The Northeast Counterdrug Training Center (NCTC) at Fort Indiantown Gap, PA, was established in October 1998, to provide a no-cost counterdrug training and education center supporting the northeastern United States. The NCTC is Congressionally funded through the Department of Defense and is managed by the Pennsylvania National Guard Counterdrug Program. This training center will provide all necessary facilities, instruction and support to enhance the capabilities to reduce and remove illegal drugs from our streets, and educate our communities in the most up-to-date prevention techniques.  

The Naval Air Warfare Center Training Systems Division (NAWCTSD), in partnership with the Naval Surface Warfare Center (NSWC), will be responsible for the development, management, procurement, installation, testing, documentation, and training of a complete Raid House project. The Raid House shall include weapons training devices utilizing state-of-the-art virtual reality technology as well as audio, video, and mechanical instrumentation for stimulating and recording law enforcement trainees using weapons firing simulated ammunition within a two-story multi-room building.  

OBJECTIVE:  The objective of this effort is to provide a fully interactive, computerized and instrumented Raid House consisting of audio/video recordings, interactive mechanical targets, shoot back, sound effects, smoke, smell, and a full after-action-review consisting of both audio and video feedback.

BENEFITS:  The Raid House technology will provide both the military and law enforcement personnel with the ability to practice decision-making under stress, room clearing, hostage rescue, search and seizure, warrant arrest, and drug arrest scenarios that would otherwise be cost prohibitive or not possible.  In addition, the Raid House provides for fully programmable interactive scenario development and unique after-action-review capabilities to enhance the training and learning experience.

STATUS:  The Raid House effort consists of three phases.  Phase I consists of the preliminary system design, pre-wiring and equipment acquisition.  Phase II consists of the final system design, equipment installation and software integration, and Phase III consists of the integration of numerous optional features such as shootback, target scoring, and virtual training systems.  This year's effort will finish the Phase I effort started last FY and complete the Phase II effort.

ADVANCED DISTRIBUTED LEARNING

BACKGROUND:  The Joint Orlando Inter-Service/Agency Advanced Distributed Learning Co-laboratory (Joint ADL Co-Lab) was established in November 1999 via a Memorandum of Agreement (MOA) between following organizations: 

· The Office of the Secretary of Defense Readiness and Training Office 

· Naval Air Warfare Center Training Systems Division

· U.S. Army Simulation, Training and Instrumentation Command

· U.S. Air Force Agency for Modeling and Simulation

· Air Force Institute for Advanced Distributed Learning

· Marine Corps Program Office (now PM Training Systems)

· U.S. Coast Guard Liaison Office,

· U.S. Army Research Institute

Orlando was chosen for the site of the Joint ADL Co-laboratory because of the presence of leading edge modeling, simulation, and training military organizations for all Services and the supporting industry-academic infrastructure.  

During 2000 and 2001, six additional organizations became members of the Joint ADL Co-Laboratory via amendments to the original  MOA.  New members are:

· U.S. Army Intelligence Center and Fort Huachuca

· U.S. Army Medical Department Center and School and Academy of Health Sciences

· Chief of Naval  Education and Training

· Air Force Research Laboratory Information Training Systems Branch

· Commander in Chief, U.S. Atlantic Fleet

· Bureau of Land Management National Interagency Fire Center

An inter-service, interdisciplinary team that works in partnership with industry and academia staffs the Joint ADL Co-Lab.  The Joint ADL Co-Lab is a part of the ADL Co-Laboratory Network working with the ADL Co-Laboratory in Alexandria, VA, and the Academic ADL Co-Laboratory at the University of Wisconsin.

OBJECTIVE:  The Joint ADL Co-Lab supports the implementation of ADL within the Departmernt of Defense (DoD) and as such, is an integral component of the Advanced Distributed Learning Initiative. This support includes developing prototype systems and providing technical expertise to program managers within DoD who are charged with developing and fielding ADL systems.

BENEFITS:  The Joint ADL Co-Lab serves as a focal point for collaboration between federal, state, local, academic, and industry organizations to promote the cost-effective development, demonstration, and resource sharing of ADL tools, content, and subject matter expertise. Through partnerships with industry and academia, the Joint ADL Co-Lab optimizes opportunities to reduce costs and promote the development of interoperable systems for individual, collective, and joint training, in support of the Secretary of Defense's vision for the Department's future learning environment.

STATUS:  The Joint ADL Co-Lab is fostering the implementation of Advanced Distributed Learning within the DoD through the funding and support of ADL Prototypes.  The Co-Lab has funded 26 ADL Prototypes that are implementing ADL within DoD.  

Another project designed to promote the advancement of ADL within DoD is the Guidelines Initiative, a compilation of guidelines for the design and development of ADL web-based applications.  It includes a set of checklists for use by instructional designers and web developers to check compliance with the guidelines.  This initiative will be expanded to provide a compilation of guidelines for the evaluation of ADL web-based applications.  The guidelines are available at www.jointadlcolab.org.

In November 2000, the Joint ADL Co-Lab hosted ADL Plugfest 3 in conjunction with the Interservice/Industry Training Systems and Education Conference (I/ITSEC).  Plugfest 3 provided an opportunity for early adopters of the Shareable Content Object Reference Model (SCORM) specification to experiment and demonstrate interoperability of content from multiple learning sources and separate organizations over multiple learning management systems.  In June 2001 the Joint ADL Co-Lab hosted a Joint ADL Symposium attended by over 140 people who work on DoD programs that are incorporating ADL.  In November 2001 the Co-Lab supported Plugfest 5 that focused on "Ultralite Sequencing”and content or systems that have been updated to implement SCORM version 1.2.

ACRONYMS

AAWC

Anti-Air Warfare Coordinator

ACT-R


Atomic Components of Thoughts - Revised

ADL


Advanced Distributed Learning

AIDTC

Advanced Interface Design and Training Capability

AMBR


Agent Based Modeling and Behavioral Representation

AWTD


Air Warfare Training Development

CAATS

Cognitive and Analytic Approaches to Tutoring Systems
CGF


Computer Generated Forces

CIC


Command Information Center

CNO


Chief of Naval Operations 

CQB


Close Quarter Battle

CRADA

Cooperative Research and Development Agreement

DISAF


Dismounted Infantry Semi Automated Forces
DL


Distance Learning

DoD


Department of Defense 

DOJ


U.S. Department of Justice

ETM


Electronic Technical Manual

FAA


Federal Aviation Administration

FAR


Federal Acquisition Regulations

FDLDP

Federal Defense Laboratory Diversification Program

FLC


Federal Laboratories Consortium 

FNC


Future Naval Capabilities

FY


Fiscal Year

GS-ASP

Georgia Tech Aegis Simulation Platform

HBR


Human Behavioral Representation

HCI


Human Computer Interface

HLA


High Level Architecture

IETM


Interactive Electronic Technical Manual

I/ITSEC

Interservice/Industry Training Systems and Education Conference

JSIMS


Joint Simulation Systems

JSSAP


Joint Service Small Arms Program

ILIR


In-house Laboratory Independent Research

IOS/JMPS

Instructor Operator Station/Joint Mission Planning System

ITS


Intelligent Tutoring System

LAM


Land Attack Missile

LMT


Linear Motion Technology

M&S


Modeling and Simulation

METT


Modeling for Effective Team Training

MOA


Memorandum of Agreement

MOE


Measure of Effectiveness

MOP


Measure of Performance

NAVAIR

Naval Air Systems Command

NAVSEA

Naval Sea Systems Command

ACRONYMS (continued)

NAWCTSD

Naval Air Warfare Center Training System Division

NCTC


Northeast Counterdrug Training Center
NFCS


Naval Fire Control System

NIJ


National Institute of Justice

OCSW


Objective Crew Served Weapon

OICW


Objective Individual Combat Weapon

OJT


On the Job Training

ONR


Office of Naval Research

OSD


Office of the Secretary of Defense

PFPS


Portable Flight Planning System
PKS


Personal Knowledge System

PMSA


Program Manager Small Arms

R&D


Research and Development

S&T


Science and Technology

SAST


Small Arms Simulator Testbed

SBIR


Small Business Innovative Research

SCOTT

Synthetic Cognition for Operational Team Training

SKATED

Supporting Knowledge Acquisition Through Enhanced Displays

SME


Subject Matter Expert

STRICOM

U.S. Army Simulation, Training, and Instrumentation Command

SWOS


Surface Warfare Officers 

SYNTHER

Team Training with Synthetic Teammates
TAMPS

Tactical Aircraft Mission Planning System
TCD


Task Centered Design

TDT


Team Dimensional Training

TRIAD

Tactical Readiness Instruction Authoring and Delivery

TTTD


Transportable Training Technology Demonstrator
TTWCS

Tactical Tomahawk Weapons Control System

UCF


University of Central Florida

VE


Virtual Environment

VIRTE


Virtual Technologies and Environments

VRT


Voice Response Translator

WTET


Weapons Team Engagement Trainer

ONR PROJECTS CROSS-INDEXED BY RESEARCH FUNDING CATEGORY

Basic Research - 6.1

Improving Non-Face-to-Face Developmental Interactions 

Natural Language for Maintenance Training and Support  

Overcoming Misconceptions in Science Education

Pattern Recognition Theory for Computer Generated Entities 

Performance Metrics for Evaluating Training Transfer Effectiveness in a Virtual

    
Environment Simulation 
Hierarchical Markov Pattern Recognition and Ontological Knowledge Bases for Semantic Processing 

Realistic Cognitive and Behavioral Model of Human Behavior 

Applied Research - 6.2

Strategies for Learner Self-Regulation On-the-Job 

Predicting Effective Development Interactions
Maintenance/Interactive Electronic Technical Manuals (IETMs)

Measuring, Developing and Linking Shared Cognition to Team Performance  

Intelligent Agents for Objective-Based Training 
Dynamic Tasks Using Scenario-based Training (DYNASSESS) 

Supporting Knowledge Acquisition Through Enhanced Displays (SKATED) 

Advanced Interface Design and Training Capability (AIDTC) 
Computer Generated Forces (CGF) 

Agent Based Modeling and Behavioral Representation (AMBR)
Team Modeling 

Atomic Components of Thoughts - Revised (ACT-R) 

Advanced Technology Development - 6.3

Dev of a Web-Based System for Mentoring, Coaching, and Knowledge Management 

Measures of Effectiveness/Measures of Performance (MOEs/MOPs) 

Intelligent Agents for Real Time Scenario Modification

Application of Multimedia Technology to Training (TRIAD) 

Learning Technology for Technical Courseware 

Assessment Tools for Effective Advanced Distance Learning 
Virtual Technologies and Environments (VIRTE) 

INDEX OF SMALL BUSINESS INNOVATION RESEARCH (SBIR) PROJECTS 

PHASE I
PC IG Sensor Simulation 

Texel Based Computer Generated Force 

Toolbox/Intelligent Advisor For Creating Pedagogically Correct, Interesting And Motivating 

Instructional Content 

Intelligent Assistant For Web-Based Training Vignette Design
PHASE II
Natural Language Understanding In Advanced Distributed Learning
Personal Education And Training Assistant For Distance Learning
Motion Coupling In A Deployable Virtual Environment (VE) Trainer
Inertial Sensor Technology
Tools For Linking Training To Combat Readiness

Access Control Via Remote Personnel Identity Verification For Sensitive Data And


Training Applications Utilizing Smart Cards 

Decision Making About Multimedia In Distance Learning: Interactive Multimedia 


Instruction Tradeoffs Tool
Ultra High Resolution Projector Display
Advanced Development Of Shadow Buffer Control Modules For Visual Systems
Alternate Time Management Schemes For Use In HLA Federate Simulation
Software Tools To Create Bump-Mapped Texture
Multi-Resolution Terrain
Technology Delivery System
GPS Interface Emulation For Flight Simulators (CDNU Trainer Interface Unit)
Wavelet Compressions To Increase Desktop Personal Computer (PC) Real-Time Texture 


and Terrain Paging
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