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Human Dimensions in Embedded  
Virtual Simulation 

(RTO-MP-HFM-169) 

Executive Summary 
The North Atlantic Treaty Organisation (NATO) Research and Technology Organisation (RTO) organized 
and conducted a Workshop on human factors and performance issues related to Embedded Virtual 
Simulation (EVS). The Workshop was held on 20 – 22 October 2009 at the University of Central Florida – 
Institute for Simulation and Training (UCF – IST) in Orlando, Florida. The purpose was to address human 
effectiveness issues related to application of EVS to the military domain. 

Seventeen technical papers were presented and discussed at the Workshop. In addition to the papers,  
the Workshop committee members conducted a series of mind mapping exercises designed to brainstorm 
concepts related to EVS:  

• Requirements identification; 

• Training management; 

• Interface technology; and  

• Learning.  

The technical papers and ensuing discussions led to the following generalizations: 

• Some of the most mature applications of EVS have been in Command and Control (C2) domains. 
Examples are command centres for missile defence and shipboard AEGIS systems.  

• Developments in visual simulation have led to significant advances in EVS for ground and air 
combat vehicle platforms. These advances are typified in the development of the FCS and the  
F-35, both of which explicitly required embedded training to be included in their overall design 
concepts.  

• Training for dismounted warfighters remains perhaps the most difficult application for embedded 
training. 

• The emerging technologies of intelligent agents and intelligent tutoring systems provide the 
capability to embed instructional support into the training system.  

• Although the effectiveness of EVS was documented, conference members expressed disappointment 
that the technology has not been more generally accepted by system and training developers.  

One factor that has inhibited the acceptance and application of EVS was the lack of NATO guidance on 
development of embedded training systems. It was suggested that the present NATO group continue to 
monitor the evolution of EVS technology to develop appropriate guidance and policy.  
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Les dimensions humaines dans la  
simulation virtuelle intégrée 

(RTO-MP-HFM-169) 

Synthèse 
L’organisation pour la recherche et la technologie (RTO) de l’Organisation du Traité de l’Atlantique Nord 
(OTAN) a organisé et animé un atelier consacré aux facteurs humains et aux problèmes de performances 
liés à la simulation virtuelle intégrée (EVS). Cet atelier s’est tenu du 20 au 22 octobre 2009 à l’institut 
pour la simulation et la formation (IST) de l’université de Floride centrale (UCF), à Orlando, en Floride. 
Son objectif était d’aborder les questions d’efficacité humaine relatives à l’application de l’EVS au 
domaine militaire. 

Dix-sept communications techniques ont été présentées et débattues lors de cet atelier. En outre, les membres 
du comité organisateur ont dirigé une série d’exercices de cartographie heuristique destinés à réfléchir  
aux concepts liés à l’EVS :  

• Identification des besoins ; 

• Gestion de la formation ; 

• Technologie des interfaces ; et  

• Apprentissage.  

Les communications techniques et les discussions qui ont suivi ont conduit aux généralisations ci-dessous : 

• Certaines des applications les plus avancées de l’EVS se rencontrent dans les domaines du 
commandement et du contrôle (C2). A titre d’exemple, citons les centres de commandement 
antimissiles et les systèmes AEGIS embarqués à bord des navires.  

• Les progrès de la simulation visuelle ont donné lieu à des avancées considérables dans le domaine 
de l’EVS à destination des plates-formes de véhicules de combat aériens et terrestres. Ces avancées 
sont illustrées par le développement des FCS et F-35, tous deux ayant expressément nécessité 
l’inclusion d’une formation intégrée dans leurs projets de conception globale.  

• La formation des combattants débarqués demeure sans doute l’application la plus difficile de la 
formation intégrée. 

• Les technologies émergentes relatives aux agents intelligents et aux systèmes tutoriels intelligents 
offrent la possibilité d’intégrer un soutien didactique dans le système de formation.  

• L’efficacité de l’EVS étant attestée par de nombreux documents, les membres de la conférence 
ont déploré que cette technologie ne soit pas plus généralement acceptée par les concepteurs de 
systèmes et de formations.  

L’absence de guide OTAN concernant le développement de systèmes de formation intégrée a constitué 
l’un des facteurs limitatifs de l’acceptation et de l’application de l’EVS. Il a été proposé que le présent 
groupe OTAN poursuive la surveillance de l’évolution de la technologie EVS en vue de développer une 
politique et un guide appropriés.  
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Abstract


The North Atlantic Treaty Organization (NATO) Research and Technology Organization (RTO) organized and conducted a workshop on human factors and performance issues related to embedded virtual simulation (EVS). The workshop was held on 20 – 22 October 20, 2009 at the University of Central Florida – Institute for Simulation and Training (UCF – IST) in Orlando, Florida. The purpose was to address human effectiveness issues related to application of EVS to the military domain. Papers were presented describing the current state of EVS technology. The conference participants generally agreed that technological and conceptual advances have led to the increased utility and effectiveness of EVS. At the same time, participants also noted that the technology has not been generally accepted by system and training developers. Reasons for the resistance to adopt EVS were identified, and a possible way forward was discussed.


1.0
Introduction


The North Atlantic Treaty Organization (NATO) Research and Technology Organization (RTO) organized and conducted a workshop on human factors and performance issues related to embedded virtual simulation (EVS). The workshop was held on 20 – 22 October 20, 2009 at the University of Central Florida – Institute for Simulation and Training (UCF – IST) in Orlando, Florida. 


1.1 Background


In its “Call for Papers,” the NATO RTO identified the need for units to deploy with little or no notice and to adapt to evolving situations. This places units in locations where they do not have the facilities and infrastructure needed to train for, optimally plan, and rehearse complex missions. The use of EVS is seen as an essential tool to provide more effective deployed training. EVS is a concept that tightly integrates training and mission functionality into operational equipment. Recent advances in training concepts, intelligent agent technologies, computers, communication, and display technologies offer new opportunities for embedded training and mission preparation/rehearsal capabilities in a highly mobile military.


Although embedded virtual simulation is a known concept with many advantages, it has been rarely implemented in air and land platforms. The most challenging applications are deployed settings that provide little support to users in the way of instructional staff and/or infrastructure. To meet this challenge, embedded simulation will have to include a range of capabilities, e.g., an intelligent tutor, beyond those of existing simulation centres and simulators. Integrating Virtual Reality (VR), Augmented Reality (AR), and intelligent agent technologies in novel ways can significantly enlarge the area of application and introduce new capabilities that would enhance the systems’ effectiveness. By utilizing network-enabled capabilities, it is possible to provide team, collective, joint, and coalition training and mission preparation/rehearsal on a wide variety of military skills, including warfighting, peace keeping and maintenance.


The military needs to understand the risks and benefits of embedded virtual simulation. It is important to carefully consider the science that can produce new embedded virtual simulation strategies and technologies.  It is also important to understand how individual performance is changed by the use of embedded virtual simulation.


Based on this need, NATO RTO issued a call for papers to be presented and discussed at the workshop. In addition to the papers, the workshop committee members conducted a series of mind mapping exercises designed to brainstorm concepts related to EVS: requirements identification, training management, interface technology, and learning. A detailed agenda of workshop papers and activities is provided in the Appendix.

1.2 Workshop Goals and Objectives


In their introductory presentations to the workshop, Dr. Robert Sottilare (USA) and Dr. Thomas Alexander (DEU) and set the workshop goals and objectives. Dr. Alexander described the workshop’s primary goal was “...to address human effectiveness issues across conceptual, functional and technological levels when using embedded virtual simulation in the military domain.” Dr. Robert Sottilare (USA) identified the specific workshop objectives as follows:


· Military requirements for embedded simulation including policy and user requirements


· Operational constraints of embedded simulation


· Training and mission support requirements including intelligent tutoring, training management, performance measurement and feedback (e.g., after-action review in embedded simulation)


· Human-Technology Interfaces


· Application of intelligent agents


· Current and future directions for virtual simulation in operational platforms


2.0
KEYNOTE ADDRESSES


Following the introductory presentations, four invited speakers were asked to describe the current state of the art in EVS with examples from differing applications. The first of the keynote addresses was presented by Dr. Lochlan Magee (CAN), who described a number of applications to NATO militaries that illustrate recent progress in EVS technologies. Nevertheless, embedded training continues to pose significant problems for general application to military problems. The challenges he posed to the workshop were to identify gaps and to find potential solutions that will allow effective implementation of embedded virtual simulation. 

Lt. Col. Gerbe G. Verhaaf of the Royal Netherlands Air Force Command discussed EVS technology from the user’s perspective. He maintained that the requirement to fight asymmetric threats while deployed in a multinational coalition demands a training method that promotes high levels of proficiency but is less dependent on traditional instrumented ranges. As an example of such an advanced method, he described test versions of the F-16 MLU (“Orange Jumper”). This demonstration aircraft employed an EVS systems that allow training on the entire live and kill chain. This test bed serves as a prototype for the F-35 Joint Strike Fighter, for which embedded training is a design requirement.


Dr. Dirk Schmidt (DEU) of Krauss-Maffei Wegmann reviewed EVS from the research perspective. He presented his company’s research into EVS technology for the Infantry Fighting Vehicle (IFV) Puma. His research findings indicated that embedded training systems can be successfully incorporated in ground combat vehicles. However, he noted that, for embedded training on a single vehicle, the vehicle commander needs to be trained as instructor and needs support by a Learning Management System (LMS). Dr. Schmidt also argued that, in addition to crew training, an EVS potentially provides a technological basis for mission rehearsal and decision support during missions.


Mr. James A. Shiflett (USA) of Science Applications International Corporation (SAIC) discussed EVS from a developer’s perspective. His example was the Future Combat System (FCS), which was recently significantly restructured and no longer includes the development of manned ground vehicles. In its original concept, the FCS vehicle development program included embedded training as a key performance parameter (KPP) in system development. (KPPs are those system attributes considered most critical or essential for an effective military capability.) The FCS experience demonstrated that embedded training is a technically feasible and mature application to any ground vehicle. Cost estimates for building embedded training into FCS was about 3% of total system costs. Despite the redirection of FCS, embedded training remains a KPP for any new Army combat vehicle. Mr. Shiflett further argued that embedded training can be incorporated into existing systems if they are linked by a system-of-systems common operating environment (SOS COE) architecture and provide appropriate warrior-machine interfaces (WMIs).

3.0
SESSION 1:
POLICY AND USER REQUIREMENTS FOR EMBEDDED TRAINING


Session 1 was led by Dr. Stephen Goldberg (USA) of the US Army Research Institute (ARI). This session identified and defined policy and user requirements for EVS technology through the examination of lessons learned from specific embedded training applications. By way of introduction, he reminded the workshop that policy toward embedded training dates back to 1987 when GEN Max Thurman, commander of TRADOC, wrote an instruction that embedded training was considered the first option for any newly acquired operational system. Although the policy was clear, it lacked appropriate enforcement provisions and was, for the most part, effectively ignored.


3.1
Presentations in Session 1


Brian Crabb, Jennifer Phillips, and William Ross asserted that the future Network Centric Environment (NCE) adds substantial lethality and effectiveness to ground units. At the same time, such increases in technical capability also add to the cognitive complexity of unit leader tasks and skills. Crabb et al. used the Dreyfus and Dreyfus (1986) model of expert development to describe how future leaders could acquire the necessary levels of competence required by the NCE. Such models typically specify that expertise is dependent on long periods (> 10 years) of deliberate practice. They proposed that embedded training technology could possibly break the 10-year rule by providing high levels of repetitive practice with automated guidance on a wide variety of conditions.


Bills, Flachsbart, Olson, and Kern discussed applications of embedded training in the F-35 (Lightning II), previously referred to as the Joint Strike Fighter. The training system is in this aircraft is fully embedded in the aircraft’s integrated core processer (ICP), but partitioned into two components. One component is the virtual training (VT) system, which represents an extension of the system developed by Royal Netherlands Air Force for the F-16. The VT system enhances the training environment by overlaying constructive simulation on the real world. The other component is the P5 Combat Training System that is integrated with the air combat manoeuvring instrumentation (ACMI) to provide on-board “rangeless” live combat training capability. Cost models of the F-35 program have projected cost-avoidance savings of nearly $3B USD over the full life cycle of the aircraft.


3.2
Mind Mapping Exercise for Session 1


The first mind mapping exercise was facilitated by Drs. Goldberg and Magee and sought to identify EVS requirements. The following describes the three specific questions asked, and some of the answers provided through the exercise:


3.2.1
What potential operational systems are good candidates for application of EVS?


The breakout groups provided examples of EVSs for a variety of operational systems. However, some examples had more challenges than others. For instance, C4ISR systems have computation power that could be used to realistically stimulate/simulate EVS targets. On the other hand, EVS systems on fast moving aircraft pose challenges in space requirements and simulation fidelity.


3.2.2
What are the human factors challenges for training and performance?


The blending of live and virtual simulation poses fidelity as well as safety issues. The primary pedagogical challenge is how to incorporate secondary roles (e.g., battle master, scenario generators, and role players) in a constrained operational environment.


3.2.3
What are the limitations of applying EVS, particularly those that have hampered implementation of the technology?


Concerns include space requirements, wear-and-tear on operational equipment, interference with operational equipment/effectiveness, and limited realism (particularly for close-in targets).


4.0
SPECIAL SESSION: STRESS AND SUICIDAL BEHAVIOR

One of the hallmarks of embedded training is that it is designed to be used in the deployed environment. In this special session, Pregelj pointed out that this environment has considerable negative emotional or behavioural consequences that could be associated with higher suicide risk. Research conducted in Slovenia on psychiatric populations indicated that patients with stress-related disorders expressed suicidal thoughts and attempted suicide more often than patients with non-stress-related problems. Comparisons with suicide victims having no previous histories of aggressive behaviours, victims with aggressive pasts were more likely to have more negative life events connected with private life in a month before suicide, to have attempted suicide more often, and to be successful in first suicide attempts. Preglj also presented possible physiological mechanisms for the link between stress and suicide that involved dysfunctions of the serotoninergic neurotransmitter system.

5.0
SESSION 2:
HUMAN EFFECTIVENESS AND EMBEDDED TRAINING ENVIRONMENTS


Session 2 was facilitated by Dr. Dee Andrews (USA) with the US Air Force Research Laboratory (AFRL) and by Dr. Jan Roessingh (NED) with the Dutch National Aerospace Laboratory. Topics included the management of embedded training and distributed modes for embedded training.


5.1
Presentations in Session 2


Roessingh and Verhaaf explored the training effectiveness of embedded training in a multi-fighter environment. They cited research showing gains of 30% in effectiveness at the same cost by using embedded training in fighter aircraft. They also considered more qualitative benefits. For instance, they explored how embedded training relates to user needs and how embedded training could best contribute to the fulfilment of the training objectives for fighter pilots. They also provided a qualitative identification of the training effectiveness of embedded training when compared with “legacy” live training exercises or tactical training on simulators. Finally, the integration of embedded training with other forms or live, virtual, and constructive training was examined.

Cannon-Bowers reviewed the application of embedded training for high performance teams. The prototypical decision environment for her discussion was the AEGIS Combat System, which involves highly complex team interactions under time pressure. Her experience with such systems indicated that there are two essential questions: (1) How do experts perform their tasks? (2) How do we turn a team of experts into an expert team? The implications of these questions have been, first, to create realistic simulations that provide synthetic experience to accelerate the development of individual expertise. Second, these simulations must immerse teams in realistic, multi-player scenarios that build shared mental models, foster self-correction, enhance explicit coordination, and promote implicit communication. The challenge of embedded training is to implement scenario-based training with minimal external support. Intelligent tutoring systems is a possible approach to automating functions such as scenario generation, data collection and interpretation, diagnosis of performance deficiencies, and provision of feedback.


Endsley, Riley, and Strater viewed embedded training as an appropriate platform for enhancing high-level cognitive skills, including situation awareness (SA). They described a set of principled approaches for training the cognitive skills that underlie situation awareness (SA) and decision making that can be easily employed in future embedded training systems and can enhance their capabilities.  These training approaches are (1) the SA Trainer, which employs systematic experiential-based training to build essential knowledge bases and higher-order cognitive skills; (2) the Virtual Environment Situation Awareness Review System (VESARS), which employs informed feedback on SA skills, team communications, and the accuracy and completeness of SA; and (3) the SA Virtual Instructor (SAVI), which builds critical SA skills by calibration of good and poor SA practices. The purpose of these tools is to develop and hone the needed SA skills for achieving high levels of performance.


5.2
Mind Mapping Exercises for Session 2


Dr. Andrews and Dr. Roessingh moderated the second round of mind mapping exercises, which focused on the following four questions:


5.2.1
What are viable instructional strategies for EVS?


Although a wide variety of strategies may apply, EVS is best used in deployed (vice school house) situations. Different aspects of deployed training apply, such as reachback, cross-training, and refresher/sustainment training.


5.2.2
What categories of metrics can be use to manage EVS?


Again, the full range of metrics applies to EVS, from behavioural process measures (including psychophysiological indicators, such as eye movements) to tasks outcomes. However, the applicability of qualitative judgments (i.e., “style” points) may have limited applicability to the extent that they require additional experts outside of team/crewmembers.


5.2.3
How do you manage training sessions?


The principal question in management of EVS is determining the trainer. Can a leader or other team member also assume the role of trainer? Implementation of intelligent tutoring systems may help, at least in part. Also, an EVS must incorporate aspects of learning management systems (LMSs), such as trainee profiles. Such profiles would contain data related to experience, learning styles, and so forth. Prototypical LMSs are implemented in Sweden (Saab system) and Canada.


5.2.4
How do you envision tasks currently accomplished by “white cell” personnel?


In order to be implemented in EVSs, control functions normally performed by white cells must be automated to the extent possible. However, there is still a role for human white cell participants to provide instruction aimed at higher echelons or to provide reachback capabilities.


6.0
SESSION 3:
HUMAN INTERACTION WITH EMBEDDED VIRTUAL SIMULATIONS


Dr. Thomas Alexander (DEU) and Dr. Sylvain Hourlier (FRA) moderated the third session, which focused on interface technology including sensors and controls. The effectiveness of such interfaces was discussed with respect to visual perception and decision making processes, such as target detection and identification.


6.1
Presentations in Session 3

Neuhöfer discussed a training system that embedded augmented reality for a dynamic industrial task requiring human-robot cooperation. The task was to remove undesired sand relics on cast metal parts using deep frozen CO2 as residue-free detergent. In this task, the robot performs the heavyweight part handling whereas the human focuses on control, relics removal, and inspection. An immersive simulation was used to emulate this industrial environment and to test two control configurations. The augmented reality (AR) provided an optical see-through display where the user sees the real control tool in his hand. This configuration was compared to a pure virtual reality (VR) mode where object visualization was artificial.  Comparison of performance in execution times and shooting accuracy indicated no differences between AR and VR. NASA TLX surveys indicated relatively low mental and physical loads for both conditions, but there was a clear personal preference for the AR configuration, especially among women.

Embedded training has the capability to combine virtual or augmented input with real inputs from aircraft cockpits. Sandor et al. explored the possible deleterious effects of mismatches between synthetic inputs from embedded training systems and real inputs. Their first experiment examined the effects of visual structure in a virtually tilted environment. Results indicated that greater visual structure induced greater perceived distortion in tilt. Also, purely virtual controls induced greater distortion than did a combined virtual-kinetic control. The second experiment looked at the perceiver’s frame of reference on the fusion of auditory with visual inputs. Previous research indicated that visual-auditory fusion is most affected by disparities in azimuth. Findings from the present research indicated that fusion was also affected by an integration of egocentric (bodily orientation) and allocentric (external visual) cues.

Dyer reported on the application of embedded training concepts in the Ground Soldier System (GSS) prototypes that are currently in development. The major components of these prototypes are a wearable computer and a global positioning system. The soldier receives input from this system via helmet-mounted or goggle-mounted display and manipulates the input via a soldier/system control unit. The GSS prototypes were examined for their capability to provide training in two areas. The first is individual instruction on a subset of soldier tasks, which were selected to meet both psychological criteria (e.g., hard to perform, infrequently performed) and warfighting criteria (e.g., lethality and survivability). The second area is collective training in a virtual environment. The current collective concept under examination was to integrate the GSS operational system in an external virtual environment. The conclusion of initial testing was that the potential for EVS training exists for GSSs, but its application is limited.

6.2
Mind mapping Exercises for Session 3


Dr. Alexander and Dr. Hourlier moderated the third mind mapping exercise, which addressed a single question: What are the limitations of embedded virtual simulation interface technology? It was generally noted that dismounted soldier systems, such as described by Dr. Dyer, present the most difficult implementation problems for EVS. More specific conclusions were discussed with respect to the following interface sensory modalities:

6.2.1
Vision


With respect to all modalities, visual displays are the best developed capabilities. Whereas visual cues are best when simulating day vision with the unaided eye, difficulties exist for night vision. Also, visual displays may be problematic for tasks that depend on depth cues and field of view.


6.2.2
Sound


Impressive Hollywood sound effects have been demonstrated. Localization effects are more difficult to simulate. Such problems and individual differences in sensitivity may be mitigated by the fact that many performers wear headphones in operational environment, which would also be employed in EVS.


6.2.3
Motion and Vibration


The most advanced work on motion cuing has been done in aircraft research. This research indicates that full motion simulation is expensive and its effectiveness is questionable. Lower cost motion simulations (haptic belts and vests) provide cheaper and potentially more effective alternative.

6.2.4
Chemical Senses

Devices exist to simulate certain odours, but problems pertain to dissipation in environment. Except for some medical tasks, it is also questionable whether there are many tasks that are cued or regulated by smells.

7.0
SESSION 4:
LEARNING AND HUMAN EFFECTIVENESS IN EMBEDDED VIRTUAL SIMULATIONS


Ms. Claudy Koerhuis (NED) acted as facilitators for the fourth session, which focused on topics in student modeling, coaching strategies, and tutor perception.


7.1
Presentations in Session 4


Dr. Robert Sottilare (USA) made the argument that one of the ways that a human tutor adjusts one-on-one instruction is on the basis of the perceived affective state of the learner. Adjustments to instructional strategy can alter those moods, which in turn impacts the effectiveness of learning. Some initial research findings indicate that there are computer algorithms for detecting affective states that could be applied to intelligence tutoring systems. To be implemented in embedded training such algorithms should be accurate, portable, affordable, passive, and effective. Given deficiencies in these areas, Sottilare recommended three areas for further research: sensors, predictive models, and building trust.

Jensen, Mosley, Sanders, and Sims explored the efficacy of feedback methods for intelligent embedded tutoring systems. Their paper reviewed two case studies of embedded training designed to deliver feedback with little or no instructor involvement. The first was a man-wearable trainer for dismounted operations, which provided feedback on the individual soldier position and tracking behaviour, and presented semi-automated force (SAF) entities to simulate other soldiers. Feedback from soldiers indicated that most effective training was provided for simple procedural tasks (maintain muzzle awareness and maintain sectors of fire), whereas the least effective training were those requiring coordination with SAF entities (team movement and room clearing. The second case study involved a robotic vehicle control station trainer, and compared two feedback conditions: Immediate Directive Feedback (IDF) provided by the intelligent tutoring system versus human-facilitated after action reviews (AAR)s using open-ended, content neutral prompts.  The relative effectiveness of these two approaches depended on type of tasks: Results indicated decreased errors for IDF condition on procedural tasks, but increased retention for AARs on conceptual tasks.

Bell and Short noted that communication and team coordination have been overlooked in embedded simulation because complex and highly verbal interactions are difficult to simulate without human role players. The capability to train communication and coordination was seen as particularly relevant to deployed NATO units. To address this issue, the authors employed a cognitive modelling tool that encapsulates human expertise and behaviour in synthetic agents. These agents incorporate speech recognition, conversation management, and speech generation capabilities. These tools were implemented in synthetic environments for training two different domains. One domain was air-ground communications task between pilot and the tower controller wherein the role of the controller, as well as the instructor pilot, was simulated. Use of this system was positively correlated with reduced time to achieve a rating of “good” on flown sorties. The other domain was mission planning and rehearsal for close air support (CAS). The same system was embedded in the Combined Arms Gateway Environment (CAGE) which is design to plan, rehearse, and conduct missions. Within a CAS scenario, synthetic agents were used to role play the Joint Terminal Attack Controller (JTAC) and interact with a pilot user. An operational evaluation of this system showed that voluntary use was positively correlated with training gains in situation awareness, communications, and in-flight checks.

To minimize the need for instructional staff or infrastructure, Heuvelink, van den Bosch, van Doesburg, and Harbers advocated the use intelligent agents that emulate the actions of fellow team members, opponents, and instructors. The thesis of their paper was that there is also a need for a director agent (DA) to diagnose the trainee’s task performance, instruct agents to perform certain behaviour, and steer the simulation. The goal of the DA’s actions is to tailor the training scenario so that it is a bit more difficult than the trainee’s current level of performance. This concept was tested on a single-player table-top system that simulates fire fighting on board a Royal Netherlands Navy frigate. In this system, the trainee assumes the role of the commanding officer, the Officer of the Watch (OW). To perform his tasks, the OW communicates with four other officers, all of which are simulated by intelligent agents developed using the Belief-Desire-Intention (BDI) framework. The DA is also modelled as a BDI agent but operates “behind the scenes” based on information from the virtual simulation and the trainee. The DA affects training through control of the simulated environment and/or the behaviour of the other agents. The authors concluded that their project demonstrated that the DA provided value added for embedded virtual simulations.

7.2
Mind mapping Exercises for Session 4


Dr. Robert Sottilare (USA) and Ms. Claudy Koehuis (NED) acted as facilitators for the fourth mind mapping exercise, which concerned issues related to learning in EVS. The discussion was centred on the following two issues:

7.2.1
What are the factors that enable or limit learning in EVS training?


Some of the key factors include


· availability of instructors and role players


· noises and other distractions inherent in the operational environment


· whether trainees possess appropriate metacognitive/learning strategies to support training


· ability of training strategy to adapt to individual learning needs


· ability of training strategy to adapt to individual stress levels or affective states


· competition of training with operational requirements.

7.2.2
How is feedback provided to trainees during embedded training?


8.0
CONCLUSIONS


Some of the most mature applications of EVS have been in command and control (C2) domains. Examples are command centres for missile defence and shipboard AEGIS systems. The advantages of such domains are that EVS systems are not subject to severe weight and space limitations, and that computational resources are relatively plentiful. Also, typical C2 displays do not require high-fidelity visual systems to create realistic virtual environments.


On the other hand, developments in visual simulation have led to significant advances in EVS for ground and air combat vehicle platforms. These advances are typified in the development of the FCS and the F-35, both of which explicitly required embedded training to be included in their overall design concepts. Both systems have been depicted as archetypes for the application of embedded training systems in new combat vehicles.


Training for dismounted warfighters remains perhaps the most difficult application for embedded training. This is partly due to the severity of size and weight restrictions for man-carried systems. Also, simulation and/or augmentation of unaided vision remain significant challenges. Although prototype embedded training systems for dismounted warfighters exist, limitations such as these have seriously restricted their capabilities.

A fundamental requirement for EVS systems intended for deployed personnel and crews is they minimize the need for external instructional support. The emerging technologies of intelligent agents and intelligent tutoring systems provide the capability to embed instructional support into the training system. However, the technologies are relatively immature and progress has been limited to demonstration projects. 

Although the effectiveness of EVS was documented, conference members expressed disappointment that the technology has not been more generally accepted by system and training developers. One inhibiting factor that was identified in mind mapping exercises was the lack of NATO guidance on development of EVS systems. It was suggested that the present NATO group continue to monitor the evolution of EVS technology to develop appropriate guidance and policy. 
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� 	A fifth question was able posed: How will you manage training in different modes (home station, in transit, in theatre)? None of the breakout groups was able to answer this question within the time allotted.



� 	All references are papers from: Human Dimensions in Embedded Virtual Simulation (NATO Workshop HFM-169). University of Central Florida – Institute for Simulation and Training (UCF-IST). Orlando, FL. October 20-22, 2009.
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ABSTRACT


Unlike many other U.S. Army procurement programs, the Future Combat Systems (FCS) program placed a premium on the design of training platforms and training content.  All developers of FCS technologies were required to develop training concurrently.  Thus, developers of the Unattended Ground Sensors (UGS), now being tested, delivered new equipment training with the UGS themselves.  In addition, the FCS program required the widespread use of embedded training (ET) across platforms.  This paper discusses both the tremendous opportunities and serious challenges of ubiquitous embedded training as proposed in the FCS program.  While such widespread ET seems to offer near “any time any place” training, it also places heavy costs on the unit.  In addition, widespread ET could cause the misapplication of ET technologies to training that could best be addressed using other approaches.  That is, ET could drive the content of training and the design of training strategies, rather than the content and strategy driving the selection of appropriate training approaches and platforms.  Thus, a major challenge is how to fit ET into a training strategy in an effective and efficient manner.  To illustrate these issues, the training of leaders and battle staff will be used as a case study.  


1.0 INTRODUCTION


To be successful in this networked environment, future leaders and staff must understand how to: a) employ the assets of a future unit to their fullest capabilities in an integrated manner; b) organize, comprehend, and utilize the vast amount of information available via the network, c) collaborate across operational roles, echelons, and unit types, in a distributed, fluid, networked environment; and, plan continuously in order to adapt capabilities to the perceived or predicted enemy situation.  


Effective training of its leaders and staff will be key to the success of the Future Force. In the future, training must be available anywhere, anytime to meet a wide range of dynamic requirements. To provide this availability, the primary method of training the Future Force will be through the embedding of training, and supporting information, materials, and tools in operational networks and platforms. Training will thus be accessible through any computers serving as a portal to operational networks; this will include computers that Soldiers use on operational systems or platforms, as well as desktop or portable computers. The capability to provide embedded training at individual- and collective levels in live, virtual, and constructive training environments will be an essential part.


The Army’s Future Force Integration Directorate (FFID) has identified that the requirements of network-enabled battle command requires novel training approaches that will train leaders and staff how to think in this environment. This reflects a change from how most battle command training occurs. Traditionally, battle command training tends to be of three types: task-based, button-based, or process-based. Task-based training focuses on the performance steps in the completion of an individual, Leader-Battle Staff, or collective task. Button-based training focuses on how to operate the battle command systems (e.g., what sequence of buttons to press to send a situation report). Process-based training focuses on the procedures followed by staff as they work together within a command post or operations center. While each of these kinds of training will be necessary to train future leaders and staff, FFID has identified the need for cognitive-based training. 


The US Army Research Institute for the Behavioral and Social Sciences (ARI) unit at Fort Knox, KY has been conducting research on methods of cognition-based training.  The methods are designed to effectively and efficiently train the expert cognitive behaviors needed during the execution of rapidly changing military operations.  In particular, ARI has developed the Adaptive Thinking Training Methodology and the corresponding Think Like a Commander (TLAC) and Red Cape training programs.   


The Adaptive Thinking Training Methodology and TLAC apply deliberate practice concepts to train tactical battle command skills that enable students to model their thinking, understanding, plans, visualizations, and decisions after expert thinking patterns.  A critical component in the construction of the TLAC training is the explicit development of a set of expert tactical considerations.  In TLAC training, the expert patterns are:  (1) keep a focus on the mission and higher intent, (2) model a thinking enemy, (3) consider effects of terrain, (4) use all assets available, (5) consider timing, (6) see the big picture, (7) visualize the battlefield, and (8) consider contingencies and remain flexible.  These eight cognitive behaviors are called the Themes of Battlefield Thinking and represent the elements of expert form that the coaches exhibit and the students learn to model.  


 There are four distinct phases to the deliberate practice training approach.  First, students are presented with a short multimedia situation.  Following the presentation, students are required to perform the appropriate tasks.  In the case of the TLAC training for battlefield thinking skills, the task is to identify considerations that are key and critical aspects of the situation.  Next, students are provided with a discussion of expert considerations pertaining to each of the battlefield thinking skills.  In the original TLAC, this discussion is led by an instructor.  A DVD and web-based version of TLAC (Captains in Command) presents a simulated discussion led by a 3-D animated coach.  Finally, the students are required to compare and score their considerations based on the expert considerations.  The deliberate practice method has been used to train tactical skills in brigade, battalion, and company commanders and assists in converting knowledge into actual cognitive behaviors that can be observed, measured, and coached.  


The purpose of this paper is to present the cognitive requirements identified as unique to FCS operations and describe their use as the basis of exemplar training vignettes targeting FCS cognitive skills. We begin with a brief description of the CTA conducted to identify the eight themes, describe the content validation study and its resultant set of eight FCS cognitive themes, describe our methodology for developing the training vignettes, and conclude with a discussion of the study’s limitations and requirements for future research. 


2.0 INITIAL COGNITIVE TASK ANALYSIS


We specified three research objectives to guide our exploration of the FCS cognitive domain. First, we sought to identify the cognitive requirements in the FCS envisioned world. Second, we questioned whether the cognitive processes and skills required of FCS operations were qualitatively different from those of the current force. Finally, we investigated the cognitive challenges of FCS operations most likely to be accountable for mission failures. We then applied CTA methods to address these questions. 


2.1 Data Collection


The data collection consisted of individual interviews and focus groups. We generated protocols for each type of data collection session, implementing aspects of the Critical Decision Method (Hoffman, Crandall, & Shadbolt, 1998) and Knowledge Audit (Militello & Hutton, 1998) knowledge elicitation techniques. 


The FCS operating environment is an envisioned world (e.g., Decker & Woods, 1999). Therefore, the CTA could not rely on Soldiers and leaders with extensive FCS operational experience as interviewees. Instead, we relied on a range of experience sets to glean the required data. Realizing we would not find “experts” in FCS operations, we targeted the following types of people as the best Subject Matter Experts (SME) available to us: 


· Individuals possessing personal experience with simulated FCS or other Future Force operations


· Individuals who have observed simulated FCS operations, trained personnel to operate in the FCS environment, or analyzed FCS environments from an operator’s perspective


· Individuals with extensive personal experience operating current forces, and enough knowledge of the FCS platforms and technologies to contrast the two environments


2.2 Data Analysis


We conducted a three-phase iterative process of qualitative data analysis. In the first phase, Data Reduction, we transformed interview and focus group notes and transcripts into items for analysis. In the second phase, Construct Identification, we iteratively identified and sorted data items into FCS cognitive themes. In the third phase, Elaboration and Refinement, we defined each theme, identified how the FCS cognitive requirements were unique compared to current force cognitive requirements, and specified cognitive challenges associated with performance of the theme. For a full description of the analysis process, see Phillips, Ross, Crabb, & Grover (2009). We concluded by producing eight FCS themes representing the primary cognitive requirements of FCS, which were distinct from current force operations. Within each theme, we specified the elements of the cognitive task that were unique to the FCS environment and thereby generated a list of Unique FCS Features. We confirmed with our military SME that the features identified were indeed unique to FCS. We also specified cognitive challenges related by interviewees. We again confirmed with our military SMEs that the challenges we had identified from the data were 1) accurate depictions of FCS task requirements and 2) sufficiently novel in the FCS environment to warrant inclusion as a cognitive challenge, which would later translate into an implication for training. We then generated a list of Cognitive Challenges for each theme. 


2.3 Initial FCS Cognitive Themes


Based on our data analysis, we present the following eight initial FCS cognitive themes: 


· Employ FCS Capabilities


· Develop Intelligence


· Visualize and Describe the Area of Operations


· Perform Predictive Analysis


· Share Situational Understanding


· Demonstrate Individual Initiative


· Sustain Unit Operations


· Plan Continuously


3.0 Content Validation of the FCS Cognitive Themes


The purpose of the content validation stage was to conduct an objective analysis of the eight FCS cognitive themes to determine whether they adequately and accurately captured the cognitive requirements of FCS operations. Specifically, we sought to validate the operational definitions, Unique FCS Features, and Cognitive Challenges. Data were collected in the context of the Initial Mission Training (IMT-1) Tactical Leader Course at Fort Bliss, TX.


3.1 Methodology


We designed a content validation approach using quantitative and qualitative data collected from Soldiers to assess the relevance of the eight cognitive themes for FCS operations. The methods employed included focus groups, interviews, and surveys to obtain data required to confirm the themes and their components as descriptive of the critical cognitive requirements associated with FCS operations.


3.2 Sample


We implemented our data collection plan in the context of the 10-day IMT-1 activity in which the battle staff from the 1st Combined Arms Battalion (CAB), Army Experimentation Task Force (AETF) performed battle command functions from instrumented mocked-up combat vehicles. Of the 1st CAB’s 130 personnel, 52 participated in IMT-1, and we obtained 20 Battle Staff and Command Soldiers and leaders for our sample. The criteria included participation in other experiments and adequate length of service with the AETF, having had assignments with digitized Army units, and having had assignments with Stryker BCTs. 


3.3 Focus Groups


We planned focus groups as the primary means of collection of qualitative validation data. We prepared eight focus group protocols, each addressing a single cognitive theme. Each protocol consisted of a purpose statement, a definition of the theme under examination, a priming question, and a series of specific probes that followed. We identified the desired participant qualifications by duty position for each focus group, and the unit selected the specific individuals who would participate. Each group consisted of three or four Soldiers. No Soldier participated in more than two focus groups, and we facilitated each group discussion and digitally recorded every focus group.  


3.4 Interviews


We prepared an interview protocol for FCS SMEs to allow for feedback on each theme. The protocol was based on Competency Analysis and Knowledge Audit (Militello & Hutton, 1998) techniques, and consisted of a purpose statement, a priming question, and a series of probes to elicit information about cognitive abilities and training requirements for FCS operations. We conducted two 1-hour SME interviews. 

3.5 Survey


We administered a five-part survey to collect quantitative data to determine the content coverage and applicability of the proposed eight cognitive themes. In Part 1, we collected demographic information. In the second section, respondents rated the difference between a sample of 45 Unique FCS Features and the Current Force Capabilities on a scale from one to five with one being “Not at all different from current force operations” and five being “Completely different requirements for my duty position in the CAB.” Each Soldier was asked to cluster the 45 Features under one or more themes or none at all. In Part 3 of the survey, Soldiers were asked to rate the criticality of each of the 58 Cognitive Challenges to mission success on a five-point scale with one meaning “Not at all important” and five representing “Extremely important.” The final section entailed the Soldiers clustering the 58 Cognitive Challenges under one or more themes or none at all. 


3.6 Data Analysis


We independently assessed the eight cognitive themes to determine content validity. This resulted in the restatement of the theme definition from the Soldiers’ perspective, the verification of the Unique FCS Features that distinguish the FCS environment from legacy systems, and the validation and rank ordering of the Cognitive Challenges. We conducted qualitative and quantitative analyses to examine the data set. Because of the small number of survey responses, we heavily weighted the qualitative focus group and interview data when validating the theme definitions, Unique FCS Features, and the Cognitive Challenges.


3.7 Qualitative Analysis


We hypothesized that the initial CTA produced accurate themes, definitions of the themes, Unique FCS Features, and Cognitive Challenges, which Soldiers would accept as important to unit performance.  These estimates were the focus to our validation process. For qualitative data like the focus group discussions, we established validity in three stages.  


· Concept Saturation. As we introduced a number of topics, trends began to emerge. When Soldiers reported the same type of finding or conclusion during the session and there was generalized, within-group agreement, we judged that we had achieved concept saturation. We achieved a complete data set when SME interviews and focus groups began to reveal the same findings as previously reported.  


· Traceability. Over time, we reduced and represented the narratives in analysis worksheets and maintained a record of the specific source for each entry to prevent data contamination.


· Review. An experienced, knowledgeable individual reviewed the analysis worksheets to confirm relevant and attributable trends.  


We used evidence of concept saturation, repeated instances of the same issue or concept across several interviewees or focus group participants, as our primary test for validity. Each focus group participant and interviewee confirmed that the eight themes, judged by their titles and definitions, represented key cognitive requirements in the FCS operational environment. Soldiers judged each theme as distinct from the others and assessed that the eight themes captured the critical components of FCS cognitive performance. Therefore, the qualitative analysis process focused on revising the theme definitions and descriptions of Unique FCS Features and Cognitive Challenges within each theme as opposed to the themes themselves.    


We utilized analysis worksheet outputs from the focus groups to initiate the qualitative analysis. These worksheets specified each group’s agreement on revisions to the three aspects comprising each theme, including additions, deletions, and changes to existing descriptions. We found that in most cases, focus group participants and interviewees agreed on the revised theme descriptions. Because of the high experience levels of the interviewees in our sample, we justified their additional insights for inclusion to the themes. 


3.8 Quantitative Analysis

We used quantitative measures of content validity to validate the Unique FCS Features and Cognitive Challenges. Analysts applied the Cohen’s Kappa method to measure inter-rater reliability (Cohen, 1960) and Lawshe’s Content Validity Ratio (CVR) (Lawshe, 1975) to measure content validity of the survey data. 

3.9 Ranking of Cognitive Challenges


After revising the eight cognitive themes in accordance with the findings, analysts and a SME independently ranked ordered the Cognitive Challenges by theme by a priori stating the ordering criterion as: The extent to which the absence of the cognitive ability would result in a mission failure. Thus, Cognitive Challenges ranked highly were more likely than lower ranked items to result in mission failure if Soldiers were unable to perform the challenge adequately. The rankings guided the training development portion of the effort. Cognitive Challenges of high relative importance must be the primary objectives for training interventions. 


4.0 Results


The qualitative analysis resulted in additions, revisions, and deletions to the original theme descriptions. Focus group participants and interviewees were in agreement that the themes adequately captured the full range of cognitive requirements they have encountered and envisioned within the FCS operational environment. We, therefore, considered the eight themes as valid general descriptions of FCS cognitive requirements. 


Of the 20 Soldiers providing survey data, we compared 190 pairs of responses to assess reliability. For the Unique FCS Features items, we eliminated one respondent’s data because of incomplete responses. For the Cognitive Challenges data, we eliminated two Soldier surveys because of incomplete data. This provided 19 Soldiers for the Unique FCS Features questions, and 18 for the Cognitive Challenges items, creating 171 and 153 pair wise comparisons, respectively.

We investigated the Likert scale data for content validity using the CVR. The CVR is a value between -1 and 1, representing the validity of the specific challenge. Of the 20 Soldier respondents, 2 of them gave no answers at all on these sections, and 1 provided only a few. We eliminated other Soldiers from the sample because of their lack of experience as reported in Part 1 of the survey. Thus, we only identified 11 Soldiers whose responses could be used in the analysis. This small sample size makes this measure less than compelling, but instructive nonetheless.


4.1 Cohen’s Kappa Analysis


Of the 171 pairs using the Unique FCS Features questions at the 0.05 level of significance, only 26 pairs revealed a significant correlation or close agreement among pairs of Soldiers. This is only slightly greater than the roughly eight or nine false positives that one would expect at this level of significance. Together, this suggests very low agreement among Soldiers and fails to quantitatively validate the results of the original CTA. Combined with the very low sample size, this does not validate content validity. 


Of the 153 pairs evaluated using the Cognitive Challenges questions at the 0.05 level of significance, only 20 pairs revealed a significant correlation. This is only slightly greater than the roughly seven or eight false positives that one would expect at this level of significance. Again, this suggests very low agreement among Soldiers and fails to quantitatively validate the results of the original CTA. 


4.2 Lawshe’s CVR Analysis 


For Unique FCS Features, we took responses of 3, 4, or 5 to indicate a meaningful difference from current force requirements. Note that these ratings are skewed because of sample size. While a positive CVR indicates some degree of uniqueness, we used a value of 0.63 to suggest significant differences. Table 1 shows the range of CVR values achieved for the Unique FCS Features.


Table 1. CVR Values for Unique FCS Features

		CVR

		#



		< 0

		3



		0 to 0.19

		2



		0.20 to 0.40

		4



		0.40 to 0.59

		3



		0.60 to 0.79

		9



		0.80 to 0.99

		5



		1.00

		19



		Total

		45





Using the same 11 Soldiers from the Unique FCS Features CVR ratings, we analyzed the Cognitive Challenges Likert data. Each of the Soldiers rated each Cognitive Challenge on a five-point scale to determine its importance to mission accomplishment. We used these ratings to calculate the CVR for each Challenge. 


All Challenges, except one, received a positive CVR when measuring whether they were deemed important to mission success. Table 2 reports the results, taking any result of “important,” “very important,” or “extremely important” as an indication that the Cognitive Challenge is necessary.


Table 2. CVR Values for 58 Cognitive Challenges


		CVR

		#



		< 0

		1



		0 to .19

		0



		.20 to .40

		1



		.40 to .59

		0



		.60 to .79

		8



		.80 to .99

		26



		1

		22



		Total

		58





As the table shows, 48 out of 58 Cognitive Challenges had a CVR of 0.80 or higher, and all except one had a value of 33% or higher. Because of the small sample size, a CVR of 0.62 or above is required to ensure that these results were not achieved by chance alone. Therefore, this investigation suggests content validity for 55 of the 58 Cognitive Challenges. 


As a general rule, we considered Unique FCS Features with CVRs greater than 0.62 and Cognitive Challenges with CVRs greater than 0.64 valid and retained them as items in their corresponding themes. However, given the small sample of survey respondents and their lower levels of experience compared to focus group participants and interviewees, analysts weighted the outcomes of the qualitative analysis more heavily than the quantitative findings. Thus, in some cases, we deleted items with acceptable CVRs and retained others with relatively low CVRs when strongly recommended by the Soldiers we spoke with in person. 


We cannot answer all questions about the extent of agreement among Soldiers with regard to assigning the Unique FCS Features or Cognitive Challenges to individual cognitive themes because of the low reliability of the data. Since the Soldiers clearly had at least two different approaches to the survey (some gave multiple answers; some did not), we cannot directly compare their responses. 


4.3 Ranking of Cognitive Challenges


The ranking process produced two sets of ordinal lists for each theme: an analyst list and a SME list. We then assessed the lists to determine a level of agreement using Spearman’s Rank Order Correlation, rho (Spearman, 1904). Each ordinal ranking by theme correlated to estimate the level of inter-rater reliability and the significance of the correlation as shown in Table 3.


Table 3. Inter-rater Reliability for Each Theme


		Theme

		Spearman’s rho

		p-value



		Theme 1

		0.72

		0.04



		Theme 2

		0.65

		0.02



		Theme 3

		0.80

		0.16



		Theme 4

		0.61

		0.14



		Theme 5

		0.69

		0.07



		Theme 6

		0.90

		0.01



		Theme 7

		0.80

		0.02



		Theme 8

		1.00

		0.01





Taken together, the qualitative and quantitative analyses suggested the need for several revisions to the component parts of the themes, and those revisions were made. Here, we report the final set of themes with their validated definitions and Cognitive Challenges. We ordered the Cognitive Challenges by priority according to the SME’s rankings. We did not consider the Unique FCS Features to be sufficiently validated by the analysis; therefore, we do not report them here. However, for a list of the features, the reader can reference Phillips et al. (2009).


4.4 Theme 1: Employ FCS Capabilities


Theme 1 is defined as the ability of individuals and collective organizations to understand and apply the capabilities and limitations of a new system-of-systems, which is connected through the network. The systems include Soldiers, manned and unmanned weapons and sensors, networked communication and collaboration, and customizable interfaces. The top four of the eight Cognitive Challenges associated with Theme 1 are the following, in order of importance: 


· More capabilities exist at lower echelons. Requirements to coordinate, monitor, adjust, and communicate produce high cognitive workload. 


· Soldiers must assess performance against mission goals across the network over time. Leaders must integrate Soldiers and robotic assets to perform cooperative ISR and fire missions. 

· Soldiers must optimize use of Non-Line of Sight (NLOS), Beyond Line-Of-Sight (BLOS), and sensor platform standoff capabilities to shape the battlefield.

· Soldiers must develop understanding (mental models) of affordances and limitations of new weapons platforms.


4.5 Theme 2: Develop Intelligence


Theme 2 is defined as the ability of individuals and collective organizations to visualize operations, identify Commander’s Critical Information Requirements (CCIR), focus and prioritize reconnaissance and surveillance assets, turn information gained from an integrated network of human and robotic sensors capable of seeing and analyzing the entire operational environment into intelligence, redirect sensors based on new information and recommend courses of action (COA) as part of the Collaborative Multi-Echelon Planning (CMEP) process. 


TRADOC Pam 525-66 Force Operating Capabilities describes CMEP as a way to expedite the classic Military Decision Making Process (MDMP) by utilizing advanced technological tools. These tools have the ability to operate in dynamic and uncertain information environments.  Given this ability, they allow for better and timelier decisions.  The top 4 of the final 13 Cognitive Challenges associated with Theme 2 are:


· Since the quantity of information is so great, Soldiers must understand what they need to know, identify what they don’t know, and be disciplined in the collection process. 


· The Unit must establish effective collaborative teams to analyze, interpret, or fuse information into usable/actionable intelligence. 


· Soldiers must develop new strategies to gather information needed to accomplish mission goals such as taking an action to obtain information when required feedback is not received from a typical source. 


· Soldiers must de-conflict or assign significance to information sources or collection platforms. 


4.6 Theme 3: Make Sense of Information


Theme 3 is defined as the ability of individuals to make sense of the multiple, simultaneous data elements from a range of digital, electronic, and other sources and generate a visualization of the operational environment in support of the mission as well as the ability to express that visualization in a way that can be disseminated to higher and/or subordinate units using the FCS suite of tools. The four Cognitive Challenges associated with Theme 3 are: 


· Soldiers must use a new digital cue set via the Warrior Machine Interface (WMI) to develop situational awareness (SA) and turn it into situational understanding (SU). They must transform digital cues into a mental picture of the operational environment. 


· Soldiers must assess the reliability of hard-to-believe information. 


· Soldiers lose important cue sets—hearing, seeing, smelling, feeling the area of operations (AO)—for developing SA. 


· Soldiers must judge and test the credibility of information, acknowledging that first reports will still be inaccurate and that multiple ambiguous reports may still require de-conflicting. 


4.7 Theme 4: Perform Predictive Analysis


Theme 4 is defined as the ability of trained and experienced Soldiers to apply the information obtained through the FCS network about the situation to anticipate the actions needed to plan and act more quickly than the adversary, i.e., the threat and affected population. Soldiers use what they know about current and past adversary behaviors, consider the factors of Mission, Enemy, Terrain, Troops, Time, and Civilian Considerations (METT-TC), and develop perceptions about the situation and their understanding of the adversary’s goals to project how the adversary will likely change. They use their knowledge about the adversary to shape the enemy’s decision cycle and behaviors. The top four of seven Cognitive Challenges related to Theme 4 are:


· Rapid predictive analysis requires each Soldier to know where he/she fits in the big picture and is enhanced when the Soldier understands why his/her analysis is important. 

· Collaborative Intelligence Preparation of the Battlefield (IPB) must be conducted between echelons. 


· Networked sensor systems may give a false sense of near complete knowledge of the enemy if there is no follow-up to verify accuracy, completeness, or consistency. 


· Soldiers must take the perspective of an overmatched, asymmetric adversary. 


4.8 Theme 5: Share Situational Understanding


Theme 5 is defined as the ability of individuals to communicate what they understand about the situation across the collective organization in a manner that is continuously accessible and understood by others. Shared understanding enables Soldiers and leaders to make better decisions and plans, anticipate decision points, apply individual initiative based on their shared understanding, and recognize when differences in understanding result in inconsistencies that must be corrected. We validated eight Cognitive Challenges for Theme 5. The top four are: 


· Soldiers must verify information and its interpretation as the situation evolves, using the full range of FCS network tools. 


· Soldiers must express the rationale for their SU to others when there are differing interpretations of information. This can be difficult when it is experienced as a gut feeling. 


· Soldiers must break tendency to assume that shared SA equals shared situational understanding. 


· Soldiers must know information requirements of others by role and mission. 


4.9 Theme 6: Demonstrate Individual Initiative


The definition for Theme 6 is the ability of Soldiers and Leaders to operate rapidly, confidently, and independently as the situation evolves, making use of intuition, judgment, and understanding of the Commander’s intent and guidance. Individual initiative enables effective, decentralized execution and requires shared situational understanding of METT-TC and proficiency with the roles and responsibilities of each FCS node in order to accomplish mission goals. We validated 12 Cognitive Challenges for Theme 6. The top four are: 


· Soldiers must understand how to work with new information management tools. 


· Soldiers must understand what other units are doing in order to take appropriate initiative. 


· Soldiers must develop measures of effectiveness tied to mission end state, objectives, or effects so that the Soldiers and Commanders know when to change mission focus with minimal pause. 


· Soldiers must assess 2nd and 3rd order effects in order to better capitalize on follow-on operations. 


4.10 Theme 7: Sustain Unit Operations


Theme 7 is defined as the ability of Soldiers and Leaders to generate a sustainment concept and plan to rearm, refuel, refit, and reconstitute manned, unmanned, mounted, and dismounted systems without disrupting the pace of operations. Use total asset visibility through the WMI to support current and planned operations and efficiently adapt to logistics requirements before they impact friendly operations. Provide for the needs of Soldiers in order to sustain their vigilance and readiness. Identify capabilities and constraints due to sustainment requirements. The top four of the nine Cognitive Challenges associated with Theme 7 are: 


· Soldiers must track logistics consumption rates and personnel loss information to support in-stride planning for sustainment of future operations. 


· Soldiers must synchronize pulse logistics requirements based on the current and anticipated missions, taking into account time required to order and transport supplies. 


· Soldiers must understand how current and projected logistics status will affect tactical operations. 


· Soldiers must anticipate where and when sustainment pauses might be necessary. 


4.11 Theme 8: Plan Continuously


Theme 8 is defined as the ability of individuals and collective organizations to use SU to continuously, collaboratively, and simultaneously plan for and execute the commander’s vision of end states while conducting current operations. Continuous planning encompasses in-stride planning and planning for next missions. The planning activities depend on the integration and synchronization of the current situation template (SITTEMP) with the projected future enemy SITTEMP as it relates to the terrain, friendly forces, and non-combatants. Individuals must also assess progress toward current mission objectives to maintain or modify actions or priorities. The top four of the eight Cognitive Challenges associated with Theme 8 are:


· Soldiers must continuously translate understanding and intent, at multiple echelons, of current operations into implications for future plans. 


· Soldiers must know when they have enough information to plan for, prepare for, and execute a mission; they must not search for the 100% solution. 


· Soldiers must understand that collaboration does not equal synchronization. 


· Soldiers must accurately communicate analysis and COA input from geographically dispersed locations. 


5.0 FCS Cognitive SKILLS Training


To implement our goal of reinforcing the cognitive themes in FCS Soldier performance, we developed a series of five multimedia vignettes with the intent to provide training and exemplars to the FFID for what cognitive skills training could look like. Our intent was to provide a platform for the FFID and AETF to develop additional training vignettes to be embedded in line with FCS training concept and requirements. We developed a series of four training FCS scenario vignettes to integrate individual and collective FCS tasks that included: 1) the battalion commander, 2) the battalion staff, 3) the company commander, and 4) a platoon leader. In addition, an introductory vignette provided a robust overview of the FCS and the integration and interoperability across all levels of battalion, company, and platoon operating spectrums. 


5.1 Method


The scope of a single vignette was not sufficiently broad enough to incorporate all eight themes. Therefore, we addressed a subset of the themes in each vignette, ensuring that we addressed all themes at least once across the four training vignettes, not including the introduction vignette. We then identified which themes would be addressed within each vignette with some iteration to determine which themes would fit together in a story line. Following this, we correlated these themes to determine causal links across the themes and ranked the cognitive challenges to determine the priority of delivery within the vignettes. We then initiated vignette development using storyboarding, which we used to choreograph the vignette scenarios. 


The storyboarding process began with SMEs developing a tactical scenario and integrating the FCS net-centric functions within the vignettes to provide a visual representation of the integrated WMI functions across the battalion, company, and platoon levels. Once we developed the initial concept and FCS integration functions, the FFID and AETF SMEs validated our concepts, which we then finalized production development at the user level. At this point, our multimedia developers finalized these vignettes and provided us with the opportunity to review and update following SME review. The learning tool we used to evaluate learning objectives was Checks on Learning (COL). These COL were a mix of text response, “Drag and Drop,” traditional 3D animation, and MetaVR Virtual Reality Scene Generator (VRSG) animations. The text responses allowed for the learner to write a response to the COL; the Drag and Drop allowed the learner to drag FCS on an electronic sand table based on tactical requirements within the vignette to allow for a cognitive-based learning evaluation tool.

5.2 Results


5.2.1 Introduction Vignette


This vignette introduces a series of tactical vignettes to assess the vignette characters’ actions based upon the cognitive themes developed during this research. Within this vignette, we developed a sample scenario to introduce the learner to the other four scenarios. This vignette demonstrated how CAB staffs and leaders would use the cognitive themes and FCS capabilities to conduct the CMEP process at the CAB, company, and platoon level. The embedded vignette shows a CAB staff using FCS tools, systems, and capabilities to conduct battle planning on the move as they respond to a rapidly changing operational and tactical situation.


In addition, this vignette (and each of the training vignettes) highlighted the use of the CMEP process in staff and unit leader roles in tactical situations identifying specific FCS cognitive capabilities, which will require CMEP in lieu of the former Military Decision Making Process (MDMP). The Future BCT (FBCT) focused on seizing, retaining, and exploiting the initiative while executing operations and emphasized how the commander uses maneuver as the primary method to achieve this objective. 


For the FBCT to maneuver effectively, the critical learning points delivered were that it must compete for knowledge and achieve information superiority, retain operational freedom of action through maneuver, and sustain combat power. In addition, this vignette demonstrated that units maintain their freedom of action throughout maneuver by conducting precise movements on multiple axes, avoiding terrain and obstacles that degrade their mobility. The five key tenets of tactical maneuver of the FBCT include: 


· simultaneous and continuous operations that imposes unrelenting pressure on the adversary, 


· conduct decisive maneuver, maintaining access to joint capabilities at the lowest tactical level, which facilitates the FBCT effort’s to complete operations decisively while sustaining resources to move from one objective to the next without pause, 


· integrating self-synchronization and cooperative engagements with the brigade’s precision maneuver to generate effects that the FBCT uses to exploit and destroy the threat, 


· and execute tactical maneuver based on the concept of “See First, Understand First, Act First, and Finish Decisively” using superior situational understanding, knowledgeable leaders and Soldiers, and other supporting capabilities.


5.2.2 Vignette 1


This vignette was entitled, “Introduction to Cognitive Leader and Battle Staff Training, Vignette 1, FCS Battalion Commander Cognitive Behaviors in Planning a Deliberate Attack.” The cognitive themes, Share Situational Understanding, Make Sense of Information, and Plan Continuously, were addressed in this vignette.

This vignette utilized a 3D avatar to create a personal, adaptable, and engaging delivery approach. The 3D avatar acted as both a mentor and instructional agent. The avatar was  the 1st Combined Arms Battalion Commander, LTC Rogers, and he introduced staff planning in a deliberate attack using the WMI. The scenario began with the 1st CAB located in a tactical assembly area (not in contact with enemy forces), conducting continuous planning processes where the FBCT Operations Order, to include a Brigade ISR Annex, ISR Matrix, and operations graphics, had just been issued. LTC Rogers determined that a collaborative session using the WMI Collaborator was required with his staff and commanders to describe his mental image or visualization of the upcoming mission, to synchronize his staff, and to build situational understanding. The collaborative planning process determined LTC Rogers’ desired end state. Four learning points are addressed:

· Introduce the WMI.


· Understand how company commanders participate in collaborative sessions.


· Review the issuance of battalion level orders process.


· Integrate the battalion staff, to include the operations, ISR, and Engineer officers and staff positions.


5.2.3 Vignette 2


The second vignette was entitled “Introduction to Cognitive Leader and Battle Staff Training, Vignette 2, FCS Staff Cognitive Behaviors in Responding to a Fragmentary Order.” It addresses four of the cognitive themes: Share Situational Understanding, Perform Predictive Analysis, Sustain Unit Operations, and Employ FCS Capabilities. This vignette, designed for battalion staff members, utilized a 3D avatar as both a mentor and an instructional agent. The 3D avatar was portrayed as a Commander, 2nd CAB of the 5th FBCT. The instructional agent/3D avatar demonstrated how he uses his staff to respond to changing situations. The four learning points in this vignette pertain to how the 2nd  CAB commander’s ISR Officer:

· Reacted to the receipt of a fragmentary order (FRAGO)


· Collected information to develop situational awareness to share to assist in developing his situational understanding 


· Employed the unique capabilities of the FBCT to conduct predictive analysis and develop orders 


· Worked with the CMEP to respond to the receipt of a FRAGO


5.2.4 Vignette 3


The third vignette was entitled, “Introduction to Cognitive Leader and Battle Staff Training. FCS Company Commander Cognitive Behaviors in Conducting an Attack.” In this company-echelon vignette, Share Situational Understanding, Develop Intelligence, and Employ FCS Capabilities were developed. This vignette brought to life a 3D avatar  named CPT Stewart, the Commander of Charlie Company, 2nd CAB. This vignette demonstrated how he moves his company from a Sustainment Replenishment Operations (SRO) site to execute a company-sized attack to destroy a defending enemy dismounted infantry platoon. The SRO provides an accelerated exchange of supplies consisting of rearm, refuel, fix, and medical support. The three learning points in this vignette are:

· Understand how the company developed situational awareness and how the commander shared his vision and Situational Understanding.


· Observe techniques of how the commander and subordinate units developed intelligence and used predictive analysis.


· Observe how the company employed unique FCS capabilities to conduct the attack.


5.2.5 Vignette 4


The final vignette was entitled “Introduction to Cognitive Leader and Battle Staff Training. FCS Platoon Leader Cognitive Behaviors in Conducting an Attack.” In this platoon-level vignette, five themes were addressed: Develop Intelligence, Perform Predictive Analysis, Share Situational Understanding, Sustain Unit Operations, and Employ FCS Capabilities. This vignette utilized the instructional aid of the 3D avatar, LT Michaels, platoon leader of 2nd Platoon, Charlie Company. It demonstrates how he supports the Company attack of the objective by establishing blocking positions to block enemy forces attempting to flee the objective. The four learning points include:


· Understand how FCS units developed intelligence at the lower levels.


· Understand how FCS units performed predictive analysis at lower echelons.


· Understand how Sharing Situational Understanding allowed for interoperability of FCS-networked units.

· Observe a demonstration of How to Sustain Unit Capabilities within the FBCT.

6.0 Discussion and Conclusions


This research and training development effort contributed to the collective understanding of requirements for preparing Soldiers and leaders for Future Force capabilities. We identified a set of FCS cognitive requirements and generated exemplar embedded training vignettes to more rapidly prepare operational units for the challenges of the FCS operating environment.  


Given the limited depth of this research and the small sample size obtained during the content validation phase, the identification of the eight cognitive themes lacks statistical rigor. There remains some doubt that the constructs comprising these themes could be replicated across time in similar situations. Furthermore, it is important to note that the FCS environment remains an envisioned world as opposed to a fully developed, tested, and implemented operational environment. The design of the command and control technologies and the concepts and processes for operating within the environment continue to evolve and change as new Soldier and unit demands are revealed. Therefore, it is conceivable that the cognitive requirements we have described would also continue to evolve over time as FCS development and CAB training continues. It is possible that if we repeated the CTA effort at a later date, the cognitive requirements would closely resemble, but not identically replicate, those described by our eight themes. Despite the potential for FCS cognitive requirements to mutate over time, we have confidence that the CTA and Content Validation efforts have produced a set of pilot themes to guide the development of robust cognitive skills training for FCS Soldiers.


Just as the FCS concepts and technologies evolve with exercise and experimentation, so must the analysis of cognitive requirements for Soldiers and leaders and the cognitive skills training that is produced as a result. We recommend a follow-on study with the intent of using the eight cognitive themes described in this initial research as a starting point in conducting a confirmative factor analysis using structural equation modeling. 
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ABSTRACT


The purpose of this paper is to provide an overview of Embedded Training (ET) in the Joint Strike Fighter (JSF). This paper will cover early ET concept development, the implementation of ET in JSF, now F-35 Lightning II, the pilot perspective of the ET training syllabus, and future development of F-35 ET. In the JSF concept development phase the training system solution included the deployable training device and added ET training capability built into the aircraft. ET was brought to the forefront with fighter pilots’ heavy involvement in extended periods of aircraft deployment to international theaters of war. During these periods fighter pilots were away from continuation training opportunities. In response, the JSF training system concept integrated the ET Virtual Training Model (VTM) in the synthetic training environments to support “anywhere/anytime” interactive combat training while in-flight.


The objective of F-35 ET is to enhance and maintain fighter pilot proficiency. ET is implemented by functionally partitioning the aircraft integrated core processor (ICP). ET consists of the VTM hosted in the ICP and the P5 Combat Training System (CTS) contained in P5 Internal Subsystem (IS). Both VT and P5 CTS provide brief and debrief capabilities. 


From the pilot perspective, VT is an overlay of constructive simulation on the real world to provide an enhanced training environment to the pilot. VT mission planning data is inserted in the aircraft via the preloaded portable memory device (PMD). A coordinated data link distribution of VT provides synchronization between a four-ship flight of F-35 aircraft. Pilots may train to a coordinated attack against virtual targets with appropriate threat reactions and kill responses that are shared across participants. All participating aircraft follow the same realistic, virtual pre-planned training scenario. Following the event, the pilot takes the PMD back to off-board mission support for debriefing. The result is combat team training in live flight supplemented and enhanced by a virtual combat environment. 


1.0 Introduction


Lockheed Martin is developing the F-35 Joint Strike Fighter (JSF), the next generation strike fighter weapons system to meet an advanced threat (2010 and beyond) while improving lethality, survivability, and supportability over legacy platforms. The F-35 is a three variant family consisting of the Conventional Take Off and Landing (CTOL), the Carrier Variant (CV), and the Short Take Off and Vertical Landing (STOVL). The F-35, designated Lightning II, is a multi-role aircraft designed to execute critical air defense and power projection missions. Built into F-35 is an Embedded Training (ET) capability that supports core missions such as counterair, air strike/interdiction, and suppression of enemy air defenses (SEAD). This paper provides an overview of F-35 ET capability covering early ET concept development, the implementation of ET in F-35, the pilot perspective of the ET syllabus, and future development of F-35 ET.


2.0 Overview


The F-35 ET consists of both a Virtual Training (VT) capability and a P5 Combat Training System (P5CTS) capability. VT extends the Embedded Combat Aircraft Training System (ECATS), developed by the National Aerospace Laboratory (NLR) and Dutch Space (DS). The P5CTS is being integrated to train pilots to effectively and efficiently employ the aircraft in a combat environment. Both VT and P5CTS include mission planning and debriefing capabilities.


VT provides the virtual threat software environment which executes preplanned threat scenarios supporting up to 4 virtual air threats (threat aircraft), 10 virtual surface threats (SAM sites) and associated virtual threat missiles, all of which can interact with and tactically engage the F-35. The VT capability is implemented as a software model that is hosted on the aircraft’s integrated core processor (ICP). VT scenarios provide the training capability for preplanned and reactive threat responses for beyond visual range (BVR) training missions. 


P5CTS/RedAir capability is provided on the F-35 as an integrated P5 Internal Subsystem (P5 IS). This training capability includes rangeless air combat maneuvering instrumentation (ACMI) supporting F-35 to F-35 interaction as well as legacy P5 dissimilar air combat training (DACT). Post mission debrief uses P5CTS recorded debrief data. A ground system provides live monitoring of training missions with uplink controls. Note: In order to use this training capability, ranges will need to be upgraded to the F-35 P5 IS standard.


3.0 Early Embedded Training Concept Development


During the JSF concept development phase, the training systems team found limited research literature on the training effectiveness of ET. In this phase they defined ET as a capability that could be integrated in the aircraft systems architecture to provide an advanced pilot training tool wherever the aircraft is deployed.  For the pilot, ET would simulate realistic threats, targets, stores, and scenarios in conjunction with the air vehicle operational configuration without overriding established performance parameters.  ET alternatives considered in the concept development phase included:


· 
Fully Embedded—Training capability is present or could be loaded as software on the operational equipment or hardware without use of additional hardware.


· 
Appended—Training capability requires attaching or connecting additional equipment or hardware to the operational equipment.


· Networked—Training capability requires electronic linking of individual systems to achieve the training objectives. Linked systems may be live, virtual or constructive.


4.0 Advantages and Disadvantages


Training advantages of ET were weighed against the cost impact to the training organizations. Identified advantages included the following:


· Reduces the number of support aircraft required by using virtual or constructive entities


· 
Eliminates the need to carry actual weapons during a training mission


· 
Provides training capability when an instructor is not present or readily available


· 
Can reduce need for installation of actual equipment in trainer aircraft


Potential disadvantages of ET included the following:


· Increase in procurement and sustainment costs


· 
Inadequate existing analysis limiting guidance for training effectiveness and efficiency


· 
Safety of flight or equipment impacts


· 
Increase in gaining unit operational budget


At that time, extended periods of aircraft deployment to international theaters of war limited pilots’ access to resources required for continuation training, including proficiency and mission qualification training. In response, the JSF training system concept integrated the ET Virtual Training Model (VTM) synthetic training environment to support “anywhere/anytime” interactive combat training while in-flight. The desired approach to interactive combat training was modeled after existing live training exercises, such as the United States Air Force Red Flag exercise.  Design included Blue and Red forces, mission planning, inflght interactive combat with air combat maneuvering instrumentation, and a robust debriefing capability. 


5.0 Design Challenges


Design challenges for incorporating ET in the JSF aircraft included how to maintain safety of flight, how to transition between the virtual and live training environments, and how to provide meaningful training capability without exceeding onboard limits.


Safety-of-flight considerations were foremost in ET design.  Software for ET would be partitioned from aircraft flight software to prevent interference with critical aircraft systems.  Virtual weapon loads and responses would be partitioned from onboard weapon control.  Accidental releases of real bombs would be inhibited by simulating all weapon employments onboard the aircraft while in TRAIN (ET ON) mode.  Actual weapon releases would be prohibited in TRAIN mode and allowed only in the LIVE (ET OFF) mode.   


ET architecture would require the ability to ‘instantly’ purge all virtual artifacts from the cockpit upon exiting TRAIN mode to restore the pilot’s real world situational awareness in case of emergency or pilot disorientation.  ET design included monitoring aircraft state in relation to both the virtual and the real training environment, so that aircraft (ownship) violations of real world ‘hard decks’ and preplanned safety boundaries would provide immediate, automatic transitions back to LIVE mode and termination of the training exercise. 


The aircraft design mandated physical space and weight limitations as well as memory limitations on the additional ET capabilities. Consequently, ET software was to be designed to fit within existing aircraft integrated core processor (ICP) space limits, the virtual presentation to the pilot would use the same glass cockpit and aircraft controls as normal operations, and ET communications would use existing  radio and data link communications systems.  Scenarios generated for virtual training would be loaded via the same portable memory device (PMD) alongside the real world mission plans. 


6.0 ET’s Time Has Come


Burkley, Slaton, and Neubert (1996) concluded from their review of ET system reports that recent technological advances showed that ET would overcome the challenges for implementing ET. They foresaw ET as becoming a key component of the total training system for the next generation of tactical aircraft. ET’s time had come for JSF.


7.0 Implementation of F-35 Embedded Training


ET was implemented in the aircraft by functionally partitioning VTM embedded simulations within the aircraft ICP.  Air combat maneuvering instrumentation (ACMI) is integrated via the P5 Combat Training System (CTS), a missionized internal subsystem (IS) to provide an on-board ‘rangeless’ live combat training capability. The notional ET partitioning diagram is shown in Figure 1. ET TRAIN mode enables the pilot to train with real aircraft as surrogate threats or with computer-generated targets. The off-board mission support environment (OMSE) used to create, edit, and store ET Scenarios. Scenarios are then loaded into the PMD and transferred to the aircraft as a mission pilot-selectable data.


 SHAPE  \* MERGEFORMAT 




Figure 1.  F-35 Embedded Training Block Diagram


8.0 F-35 ET TRAIN Mode


F-35 ET is activated when the pilot selects TRAIN mode from the pilot vehicle interface (PVI), which enables weapon and expendable countermeasures employment simulations. From TRAIN mode the pilot can access interactive combat training through an ET Scenario option. The RedAir Scenario option uses the P5 range instrumentation exercise to engage real aircraft as threats. The Virtual Threat (VT) Scenario option engages training using the on-board synthetic threat environment. Cockpit aural cues inform the pilot of the scenario state during execution. Both options have debriefing tools, independent capabilities that support the important after action reviews.


The inflight training scenario options of RedAir and VT can be executed independently as mutually exclusive exercises or they can be run concurrently as a combined exercise. 


Virtual Threat. The ET Context Diagram in Figure 2 shows the flow for how missions planned with ET Scenarios are supported by the ET VTM and the P5 Internal Subsystem. The VT capability uses a simulation model that provides a virtual training environment overlay on the real world, supporting deployable, on-demand (“anywhere/anytime”) interactive combat training while inflight. This model executes threat scenarios containing interactive virtual surface and air threats for use in training combat tactics. VTM supports single-ship as well as multi-ship exercises up to a four-ship configuration. Multi-ship exercises allow each participating F-35 aircraft to interact in a coordinated engagement with the same simulated air and surface threats. Coordination among the multi-ship is performed using the F-35 data link multifunction advanced datalink (MADL).


Each virtual surface or air threat can support engagement simulation by modeling dynamic threat missile flyout. Virtual missile flyout can be employed against participating F-35 aircraft and provide real-time ‘kill assessment’ (RTKA) of the participating aircraft. In addition to RTKA determination, virtual missile flyout simulations produce synthetic system/missile tracks which are represented on the aircraft cockpit displays alongside real tracks.  RTKA results in a Hit or Miss determination and stimulates an aural and visual notification of “Ownship Killed” to the pilot under missile attack, removing the killed aircraft from the training scenario.  F-35 simulated missile launches against virtual threats are also assessed using a basic kill probability, resulting in removal of the virtual threat when a kill is determined. The virtual surface and air threat simulations may be programmed to provide defensive (air threats only) or offensive response based on a variety of triggering conditions, such as F-35 detection, missile launch, scenario time, or geographic position.
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Figure 2.  F-35 Embedded Training Context Diagram for Virtual Threat and RedAir Scenarios


The embedded VTM software generates the VT Truth Data which is used by the ET Fusion Simulation Model (ET FSM) to produce all-in-one (AIO) pre-correlated fused Synthetic System/Missile Tracks. ET FSM will send/receive Synthetic System Tracks over MADL between F-35 VT Scenario participants.  ET FSM will be able to correlate (merge) on-board with off-board MADL Synthetic System Tracks. ET FSM will assign combat identification/rules of engagement (ID/ROE) to the synthetic threat missile. The ET FSM provides its air Synthetic System/Missile Tracks to the air-to-air (AA) Tactical Situation Model (TSM) for processing, while its surface Synthetic System Tracks are provided to the air-to-surface (AS) TSM for processing. Currently, no virtual threat or threat missile data is provided via the P5 IS (i.e. no synthetic tracks are generated via a P5 RedAir Exercise); however, F-35 kill status may be shared across VT and P5 exercises.


During the VT scenario execution, scenario states, events, and virtual entity dynamics will be recorded. These recording are to support a comprehensive post-mission debrief and scenario playback. 


9.0 Pilot Perspective of Embedded Training


From the pilot perspective, VT is an overlay of constructive simulation on the real world to provide an enhanced training environment to the pilot. VT mission planning data is inserted in the aircraft via the preloaded PMD. A coordinated data link distribution of VT provides synchronization between a four-ship flight of F-35 aircraft. Pilots may train to a coordinated attack against virtual targets with appropriate threat reactions and kill responses that are shared across participants. All participating aircraft follow the same realistic,  virtual pre-planned training scenario. Following the event, the pilot takes the PMD back to off-board mission support for debriefing. The result is combat team training in live flight supplemented and enhanced by a virtual combat environment.


10.0 F-35 ET Activity


The F-35 activity model is depicted as three events. These activities start with Plan ET Event (1.0) which results in the PMD Load. The next activity is Fly ET Event (2.0) which provides output to the PMD. The final activity is Debrief, Grade and Report ET Flight Event (3.0). 


Plan ET Event (1.0). The Joint Mission Planning System (JMPS) enables planning of both VT and P5 scenarios. A Scenario Generation Tool (SGT) provides VT Scenario planning. The P5 Unique Planning 


Component (UPC) is used to plan P5 missions, also known as ‘RedAir’ Exercises, via the Mission Line Up (MLU) tool. Geographic Safety Boundaries may be defined to limit application of the synthetic training environment for safety of flight considerations. In TRAIN mode, engagement simulation is provided by modeling the actual weapons inventory characteristics.  In addition, virtual weapons can be simulated on empty stations, to allow for training with a wide range of air-to-air and air-to-ground weapons. Real and virtual weapons can simultaneously co-exist in the inventory for seamless employment training. During the event, virtual weapons decrement on simulated employment, while real weapons always represent the actual inventory count. 


Models use tabularized parameters that include the capability to tailor classification levels by country or service. When the ET event plan is complete, scenarios, participants, and other data are loaded on the PMD for transfer to the F-35 aircraft.


Fly ET Event (2.0).  When the PMD is docked in the F-35 aircraft, the pilot can fly the ET event. The pilot selects TRAIN mode to initiate ET. For VT events, the pilot selects an ET option.  For coordinated VT scenarios, the flight lead selects a preloaded scenario (VT 1, VT 2, VT 3, or VT 4), while wingmen select VT Group.  This allows the flight lead to select the training scenario without wingmen knowledge for instructional purposes. The scenario is then executed by the flight lead selecting VT Run, which is announced to all scenario participants.


In VT mode training, the pilot can:


· Detect synthetic threats using All-In-One (AIO) Sensor Model, including simulation of Radar, ESM, and DAS sensor perspectives


· 
Engage and destroy synthetic air threats (less than or equal to 4 threats) based on preplanned scenarios defined in mission planning, to include route to be flown and planned reaction


· 
Engage and destroy synthetic SAM sites (less than or equal to 10 sites) defined in mission planning to include loadout and planned reaction


· 
Defeat incoming missiles with maneuvering and counter measures.


During the ET flight event, a mix of both real and virtual weapons can be loaded into the inventory.  Real and virtual weapons are distinguished on the stores management display by different colors. In TRAIN mode all weapon releases, whether a real or virtual weapon has been selected for deployment, are simulated. As weapons are released, virtual weapon quantities in inventory will be decremented on the stores management page while the real weapon quantities will not decrement. Weapons bay door operations are normally simulated, but a pilot-selectable option is provided to allow for actual weapons door actuation. In TRAIN mode, the pilot may also select either a real or simulated countermeasure (CM) inventory.  The CM inventory will decrement upon usage for virtual and real inventories. However, the CM dispenser doors on the aircraft will not open during simulated CM expenditure.


Ownship kill criteria are defined within the ET scenarios. These criteria can be tailored to specific training objectives.  For VT successful threat missile flyout (with no F-35 reaction) will likely result in a kill notification. However, it is possible for a valid shot not to result in a kill, as a probabilistic determination is included in kill assessments.  VT kill notification is shared with all flight members. Members will see the killed participant represented by a coffin symbol superimposed on the F-35 symbol presented on participant cockpit displays. When F-35 missile launches against synthetic threats are assessed as kills,  the killed target symbol is removed. Note: Kinematic flyouts of ownship missile launches are not currently modeled.


P5 CTS events are initiated when the pilot selects REDAIR mode.  For P5 CTS, when missile flyout results in a kill assessment, kill notification is provided to the targeted aircraft.  Real-time engagement simulation requires precise position determination, therefore, aircraft equipped with unencrypted legacy P5 CTS systems will be unable to assess kills against F-35 aircraft in real-time.


Debrief, Grade and Report ET Flight Event (3.0).  Post flight, pilot data is merged to support integrated mission debrief. Different debrief environments have been defined for P5 CTS and VT scenarios to provide compatibility with the existing P5 debriefing system. P5 CTS uses the Individual Combat Aircrew Display System (ICADS), while both P5 and VT may use the Personal Computer Debriefing System (PCDS).


Table 1.  F-35 Embedded Training Cost Avoidance Implementing Activity Model


		

		($M)

		Air to Air

		Air to Ground

		Total



		Start Up

		CY15

		$67.6

		$21.6

		$89.2



		

		CY16

		$103.3

		$30.8

		$134.1



		

		CY17

		$146.5

		$41.7

		$188.2



		Steady State

		CY30

		$775.5

		$270.5

		$1,046.0



		Life Cycle

		CY13-57

		$2,370.0

		$606.0

		$2,976.0





11.0 ET Cost Avoidance


Implementation of the F-35 ET activity model has projected program savings shown in Table 1. In terms of student costs, the projection reduction is 14 Red Air sorties, equivalent to 23.8 flight hours for $100k, and SAM/EW range reductions of 7.2 hours for $25.5k. Looking at start up, calendar years 2015 through 2017, the projected cost avoidance is $411.5M. When the F-35 reaches steady state at calendar year 2030, the projected cost avoidance is $1,046M. Over the expected life cycle of calendar years 2013 through 2057, the program savings could reach $2,976M.


12.0 Future Development of F-35 ET


Modern forces must train as they operate.  Since our forces operate together as a cohesive unit, our training capabilities must have the same characteristics.  DOD Directive 1322.18 (January 13, 2009) states that “training realism shall be maximized through use of the live training domain supplemented by integrated virtual and constructive capabilities,” including integration of joint and service virtual and constructive simulations, opposing force capabilities, and range instrumentation. 


The F-35 training development strategy provides architecture for achieving integrated, distributed training within live, virtual, and constructive (LVC) environments.  Key constituents to achieving this LVC strategy include distributed network connectivity, improved training instrumentation, and enhanced ET capabilities. These ET enhancements will extend existing embedded constructive-scenario generation with on-aircraft simulation support services. This extension includes the capability to generate sensor perspectives of simulation entities and to communicate aircraft state data for representing the aircraft as a simulation entity in LVC domains. 


Achieving integrated, distributed ET within LVC environments will take coordinated development based on common training architectures. This achievement will also take open, net-centric, interoperable standards. Using these achievements, developers will not only achieve interoperability with the existing training infrastructure, but will also provide the foundation for forward-compatibility with emerging and evolving enterprise training solutions. This vision of the future puts ET within LVC for service, joint, and coalition training.


13.0 Summary


The F-35Embedded Training (ET) consists of both a Virtual Training (VT) capability and a P5 Combat Training System (P5CTS) capability. VT extends the Embedded Combat Aircraft Training System (ECATS), developed by the National Aerospace Laboratory (NLR) and Dutch Space (DS). The P5CTS is being integrated to train pilots to effectively and efficiently employ the aircraft in a combat environment. Both VT and P5CTS include mission planning and debriefing capabilities.


VT provides the virtual threat software environment which executes preplanned threat scenarios supporting up to 4 virtual air threats (threat aircraft), 10 virtual surface threats (SAM sites) and associated virtual threat missiles, all of which can interact with and tactically engage the F-35. The VT capability is implemented as a software model that is hosted on the aircraft’s integrated core processor (ICP). VT scenarios provide the training capability for preplanned and reactive threat responses for beyond visual range (BVR) training missions. 


P5CTS/RedAir capability is provided on the F-35 as an integrated P5 Internal Subsystem (P5 IS). This training capability includes rangeless air combat maneuvering instrumentation (ACMI) supporting F-35 to F-35 interaction as well as legacy P5 dissimilar air combat training (DACT). Post mission debrief uses P5CTS recorded debrief data. A ground system provides live monitoring of training missions with uplink controls. Note: In order to use this training capability, ranges will need to be upgraded to the F-35 P5 IS standard.


F-35 ET is activated when the pilot selects TRAIN mode from the pilot vehicle interface (PVI), which enables weapon and expendable countermeasures employment simulations. From TRAIN mode the pilot can access interactive combat training through an ET Scenario option. The RedAir Scenario option uses the P5 range instrumentation exercise to engage real aircraft as threats. The Virtual Threat (VT) Scenario option engages training using the on-board synthetic threat environment. Cockpit aural cues inform the pilot of the scenario state during execution. Both options have debriefing tools, independent capabilities that support the important after action reviews.


From the pilot perspective, VT is an overlay of constructive simulation on the real world to provide an enhanced training environment to the pilot. VT mission planning data is inserted in the aircraft via the preloaded PMD. A coordinated data link distribution of VT provides synchronization between a four-ship flight of F-35 aircraft. Pilots may train to a coordinated attack against virtual targets with appropriate threat reactions and kill responses that are shared across participants. All participating aircraft follow the same realistic,  virtual pre-planned training scenario. Following the event, the pilot takes the PMD back to off-board mission support for debriefing. The result is combat team training in live flight supplemented and enhanced by a virtual combat environment.


The F-35 training development strategy provides architecture for achieving integrated, distributed training within live, virtual, and constructive (LVC) environments. Achieving integrated, distributed ET within LVC environments will take coordinated development based on common training architectures. This achievement will also take open, net-centric, interoperable standards. Using these achievements, developers will not only achieve interoperability with the existing training infrastructure, but will also provide the foundation for forward-compatibility with emerging and evolving enterprise training solutions. 


ET is becoming a key component of the total training system for the next generation of tactical aircraft. Over the expected life cycle of calendar years 2013 through 2057, the program savings could reach $2,976M.


This vision of the future makes ET an important factor in achievement of LVC service, joint, and coalition training. ET’s time is here.
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ABSTRACT


By feeding simulated threats into the available sensor channels of the fighter aircraft in-flight, the threat appears lifelike to the pilot. This allows tactical training against a virtual force, or against a real force that can be “virtually augmented”: embedded training. 


Since the late 1990s, NLR and Dutch Space have cooperated in transforming embedded training from a concept to reality for the F-35 Joint Strike Fighter. Single-ship capability was demonstrated in 2004 on an operational Royal Netherlands Air Force F-16 (see Krijn and Wedzinga, 2004). In 2007, the multi-ship demonstration at Lockheed Martin provided further insight into the technical maturity and the additional advantages of multi-ship embedded training. Using multi-ship embedded training, fighter pilots can train in-flight within one shared tactical environment. To implement this capability, each aircraft is fitted with a computer system with embedded training software. The software uses an existing data-link to ensure each aircraft has the same tactical picture. Early 2009, Dutch Space and NLR received the go-ahead from Lockheed Martin to further develop embedded training for the F-35 Joint Strike Fighter.


Analysis has shown 30% increase of training effectiveness at the same cost when using embedded training (estimates concerning RNLAF for F-16 Continuation Training) (Stokkel and Wegkamp, 2006).


However, implementation of an embedded training capability, as foreseen for the Block-3 version for the F‑35 Joint Strike Fighter is probably only the beginning of an excitingly new training paradigm. Little research has yet been devoted to the analysis of training objectives to which it could contribute, given the full range of operational tasks of the user organization. In addition to fitting embedded training to the training objectives, the training practices and processes within the user organisation should be reviewed.  After all, careful adaption of existing training practices is crucial for successful embedding within the armed forces.


In this paper, we explore how embedded training relates to user needs and how embedded training could best contribute to the fulfilment of the training objectives for fighter pilots. Further, my aim is to sketch a qualitative identification of the training effectiveness of embedded training when compared with “legacy” live training exercises or tactical training on simulators. Finally, the integration of embedded training with other forms or Live-Virtual -Constructive training is looked at.

1.0 Introduction: What is embedded training for fighter aircraft?


By feeding simulated threats into the available sensor channels of the fighter aircraft in-flight, the threat appears lifelike to the pilot, which allows tactical training against a virtual force, or against a real force that can be “virtually augmented”. This technology on-board the aircraft is called Embedded Virtual Simulation (EVS), and it enables Embedded Training (ET).


ET can be supported with playback and debrief capability on the ground. A current evolution in ET is that it will be possible to receive and transmit threat information via data-link between the EVS-equipped aircraft in a formation, such that a common tactical picture can be provided to all members of the formation, which enables multi-ship ET. In a more advanced form it would be possible to influence the tactical picture (notably, threat behaviour) by data-link from a “scenario management” or instructor position, e.g. on the ground. From there, the step in which ET equipped aircraft can participate in Live-Virtual-Constructive (LVC) training scenarios seems to be a tangible one. Live-Virtual-Constructive (LVC) training combines training applications falling under the three discrete categories: 


· live training, on actual platform hardware;


· virtual training, on manned simulation;


· constructive training, with computer generated battlefield conditions.


In fact, by this definition, ET is already a form of LVC training, since it combines live training on actual fighter aircraft with a manned simulation of components of the own-ship and on-board computer generated threats that represent battle-field conditions. This combination of training applications makes ET a “light” and easy to organise form of LVC-training, which is enabled by the EVS on-board the aircraft, which is essentially a software-module that interfaces with the aircrafts’ mission system via the aircraft’s data-bus. 


2.0 What can ET do for the user?


ET for fighter aircraft addresses user requirements at multiple levels. At the National level, ET would increase the efficiency of training with reduced environmental impact and would increase the combat readiness of the force. The latter advantage is not to be underestimated in an era of shrinking defence budgets and an increasing Ops Tempo, with out-of-area deployments and reduced opportunity for training in the homeland. At the level of the Air Operations Centre, ET would enable realistic air campaign planning and would provide a means to validate the Command and Control chain under realistic conditions. At the squadron level, ET enables training of the full sortie-generation cycle, on a day-to-day basis. ET eliminates the need of mimicking adversary weapon platforms, and eliminates the high costs for equipment, logistics, planning and personnel imposed by the use of instrumented ranges. Finally, at the level of the end-users, i.e. the flight crew, a high-fidelity tactical training and rehearsal environment is provided. This includes an enlarged training range, Surface-to-Air Missiles (SAM) training anywhere, any time, secure low-cost readily available Electronic Warfare (EW) training, realistic emissions of ground threats and the possibility to train several scenarios in one sortie. At the same time, this would minimize the need for flights acting in the role of opposing force. All these factors would significantly increase the effectiveness of flight hours for the participating pilots.


However, when considering EVS as a training medium, it is legitimate to pose questions like:


· Which tasks can be trained with ET and how would that affect the learning-curve of pilots and others involved in the sortie generation process?


· What transfer-of-training can we expect when the pilots are exposed to actual battlefield conditions, rather than the simulated battlefield used in ET, and are there elements in the ET system that carry the risk of negative training?


· What are the current limitations of ET, e.g., thinking of real-life scenarios in which adversaries might come into visual range, visual effects of weapon fly-out and battle damage assessment and truly intelligent adversaries?


3.0 What are the main components of the EVS system?

An EVS system, carried on-board of aircraft, consists of three main simulation modules (see figure 1): 


· First, the simulation management module performs many functions, such as starting and stopping training exercises and taking care that all players participating in the exercise have synchronised information.


· Second, the own ship simulation module stimulates the on-board sensors and simulates the own weapons and electronic warfare systems. 


· Third, the virtual world simulation simulates the virtual players (Computer Generated Forces, CGF’s) in the exercise. The virtual world simulation also comprises models for the terrain over which the exercise takes place and atmospheric conditions.


In either case, the design requirements for the ET simulation modules should be a direct function of the training needs, and consequently, essential for the fulfilment of the training objectives.


[image: image1.emf]

Figure 1: multi-ship implementation of EVS, as it was implemented in the demonstration test bed (from Lemmers, 2007)


4.0 Inserting ET into a Training Program


Fighter pilot training proceeds through several stages of initial training and continuation training. Pilot training starts at the elementary military pilot school, via the combat ready stage to Fighter Weapons Instructor Training and mission rehearsal directly preceding the in-theatre sorties. 


The decision to include a certain training method in a training program is governed by the expected efficiency and effectiveness of the training method. Transfer-of-training is a central concept to this decision. Pilots confronted with an actual battlefield situation (situation B) will try to apply the solutions or operative procedures that they have already applied in previous situations (situation A). When performance in situation B is made easier after training in situation A, transfer is said to be positive. Transfer of A to B could also be negative when the effects on the pilot’s performance in situation B are negative. In addition, transfer effect can be null when the training situation (A) has no effect on actual battlefield performance (B). For ET, transfer-of-training would depend on the actual capabilities of the EVS, including the perceived realism of the simulated air power, features that would promote instruction, training management and its usability at the squadron and training-organization. 

Under the assumption that transfer-of-training of ET is positive, there are additional conditions that determine the position of ET in a training program. Firstly, it depends on the type of platform on which it is implemented. For example, when Embedded Virtual Simulation would be implemented on a trainer aircraft, ET could be used in the early stages of initial training, addressing different training objectives than when implemented on an operational fighter aircraft. In the latter case it could be used in the later stages of initial training and in continuation programs throughout the pilot’s career. Secondly, the position of ET in the training program depends on the planned sequence of training activities. This, in turn, depends on such issues as the availability of other training methods and the gamut of available devices, ranging from part-task training via distributed mission training to ranges for live weapons firing. 


5.0 Possible training tasks and training objectives for ET


In theory, all operational tasks aboard a fighter aircraft that can be trained in-flight can also be trained with ET. It would go beyond the scope of this paper to specify the competencies that pilots participating in a specific training program are to gain as a result of specific ET exercises. However, ET offers unique opportunities in terms of realistic perception of the battlefield environment while at the same time co-ordinating with other members in the formation. Since Embedded Training (ET) has numerous Beyond-Visual-Range (BVR) benefits, and because wars cannot be contained to the BVR regime -- that is, pilots involved in an air-to-air engagement will eventually enter within visual range of their opponents and/or their weapons -- to preserve the value of ET, the transition to the visual arena needs to be natural and realistic. 


However, in the current form, lack of visual display of the simulated entities on the battlefield in ET-enabled aircraft will require additional forms of training, e.g. using augmented role-play or ground-based simulation. Particularly for air-to-ground and close range air-to-air tasks, realistic visualisation of targets may be challenging. This may require high-resolution/ high-contrast display of simulated targets on the see-through visor mounted to the pilot’s helmet conformal with the physical environment. This would also rather complicated management techniques for such targets, conformal with head/eye position of the pilot, clouds, mountains, sun rays, and etcetera.  Therefore, today, ET in fighters is restricted to scenarios in which the visibility of simulated threats, targets, wing men and other entities by the human eyes is not a critical component of the tasks to be trained.  Tasks to be trained would however include most important elements of the kill chain - i.e. the stage target cycle of find-fix-track-target-engage-assess, and the 

survivability chain, i.e. preventing of being detected, tracked and/or shot, breaking enemy missile guidance, and eventually surviving after being hit. This could include the following tasks of a typical air-to-air engagement (Roessingh et al, 2003):


(1) In the detection and localisation task, locations of hostiles are communicated by GCI or AWACS via data-link or voice communication, or  are obtained by scanning the radar display for possible targets (autonomous detection via radar is common, even with AWACS/GCI present). In the latter case the possible targets need to be in the radar scan volume. It is also possible to detect and localize targets using RWR indications (when under attack), using electro-optical means (infra-red), via adversary’s electronic counter measures, or via data-link/ link 16. All pilots in a flight participate in detection and localisation. Flight members will usually concentrate on different, pre-briefed, sectors. When a possible target is detected, the information is shared with all flight members via radio (voice) and/or via data-link (data-link message). Current EVS is restricted to detection with BVR means. Visual detection of simulated hostiles WVR is not yet supported by EVS, unless other flights take-on the role of WVR targets, which would require flights in the adversary role and reduce the advantage of ET. Fighter pilots can however gain importantly by improving the skill to detect targets in the peripheral visual field (Schallhorn and  Daill, 1990).


(2)  Identification (ID) of intercepted aircraft, a mandatory step prior to weapons employment,  is preferably done via electronic means (Electronic Identification, EID) at longer (BVR) ranges, using IFF codes of targets on radar, RWR indications, aircraft emissions, RCS or IR signature. However, if EID fails, Visual Identification (VID) must be done, which is not yet supported by EVS.  VID would only be possible when the pilot can clearly see discernible features of the (simulated) target, such as plane shape, number of vertical tails, inlet shape, etc. The range between the two aircraft is typically inside 5 NM, and may be as close as 1-2 NM when similar looking aircraft types are on opposing sides (e.g. Hornet versus Fulcrum). Once target ID is determined, the pilot must further decide if the target is ‘hostile’, i.e. from the enemy nation, which may also require visual contact. It is clear that these type of visual tasks call for EVS with sophisticated visual modelling and display of targets.


(3) Targeting, i.e. assigning each flight member’s radar to a unique enemy group such that the maximum number of enemy targets can be engaged, is a standard procedure, typically dealt with in the flight brief. Flight members target and further divide responsibility for targets (sorting) at a pre-planned range, usually BVR. Multi-ship ET is suited to train targeting and sorting tasks. However, visual sorting may also occur. 


 (4) The attack phase is heavily intensive, decision times are short and the attack is characterised by a highly dynamic environment and intensive team-co-ordination. The attack task may heavily rely on visual contact with the target, such as (maintaining) target acquisition and manoeuvring. WVR-Manoeuvring is based on visual estimation of the target range, aspect (the angle-off-tail of the target as viewed from the own-ship, which can be primarily determined when features of the target can be distinguished), closure (the relative speed between own-ship and target, which can be primarily determined by the change in visual angle, growth or shrink, of the target) and Line-Of-Sight (the drift of the target across the own-ship canopy). To train a WVR attack-phase would pose a considerable challenge for development of EVS. However, BVR- and other components of the attack phase can be realistically trained with multiship-ET. Examples of these tasks are to maintain situation awareness with the other flight members, monitoring the ownship energy state, weapon selection and (simulated) weapon release. The feel of the aircraft provides an important ‘subjective’ measure of energy-state. Current EVS is well suited for the latter type of tasks. 


6.0 Embedded Virtual Simulation as a training medium


For pilot training, EVS is a relative new training medium which must be positioned somewhere on the high-end of the spectrum (in terms of both fidelity and costs) ranging from Courseware to Part-task devices to Cockpit Procedure Trainers to Full Mission Simulations to Distributed Mission Simulation to Live (Weapon) Training with non-EVS equipped aircraft, and eventually to Live-Virtual-Constructive training. But does EVS provide the appropriate learning environment in a training program for fighter pilots?

One important characteristic of multi-ship ET as a training medium is that it is suitable for team training, i.e. crew of all EVS-equipped aircraft that are connected via ET data-link, the flight lead and wingmen. This puts ET in the same league as DMT, LVC and live exercises with red air. 


In terms of realism, the working hypothesis in fighter pilot training applications is that competencies only transfer from a situation that is identical or almost identical to the battle-field situation. This is a solid hypothesis in the absence of convincing counter-evidence. Moreover, with regard to these competencies, one should not rule out the possibility of negative transfer from training environments that depart considerably from full realism. With EVS one should distinguish between (1) the own-ship itself, which is real, (2) the degree of realism of the virtual world environment, i.e. the simulated battlefield conditions, and (3) the degree of realism of the own-ship sensor stimulation. Where ground-based simulation is challenged with achieving realism in all three domains, EVS is mainly concerned with creating realistic battlefield conditions, particularly realistically behaving Computer Generated Forces (CGFs). To exhibit realistic (intelligent and sense-making) behaviour, CGFs (either red or blue) need to be able to reason with knowledge, for example concerning the doctrine, battlefield intelligence, rules-of-engagement, (tactical) operating procedures, manoeuvres, platform capabilities, and etcetera. As is the case for ground-based simulation, the creation of realistic behaving CGFs is a grand challenge for EVS.  In terms of EVS as a medium that is suitable for the provision of instruction, one may consider the following qualifications: 


· Control over the training task by an instructor or scenario manager is obviously more complicated than with ground-based simulation, in which the Instructor Operating Station is an integral part of the simulator.


· EVS provides the opportunity for detailed and objective assessment of performance. 


· The potential to vary the content, order, repetition and timing of training elements is higher that with the various forms of live training and exercises. However, it is yet an R&D challenge to develop an appropriate instructor interface.


· Similarly to LVC, EVS is particularly suited for training in a whole-task/ full mission context.


· Unlike other high-end training media, EVS is deployable to bare-base conditions.


· The high fidelity of the flight and mission environment reduces the risk for negative training. In the current capability simulation-induced sickness is fairly improbable.


· Currently, the possibilities for instructional techniques involving real-time extrinsic feedback (using guidance, cueing, or prompting) by an instructor are limited. 


Considering the acquisition and life-cycle costs of training media, a cost driver of EVS will be the implementation on-board of the aircraft and this is preferably addressed in the design phase of the aircraft. Also, depending on the implementation, airworthiness certification has to be taken into account. However, when compared with other forms of training at the high-end of the spectrum, important cost-savings are apparent. The cost-savings relative to conventional live training, i.e. less “red air”, less expensive EW ranges, etc. have already been mentioned. When compared to full mission simulation and distributed mission simulation, the aircraft motion, control loading, and aircraft flight data package are integral parts 

of the aircraft, and no built infrastructure is needed for EVS. However, fuel and other aircraft life cycle costs must be added.


7.0 Discussion points

In the preceding sections, some use-aspects of EVS in multi-ship configuration were discussed. EVS as an enabler of ET potentially provides advantages from the National level to the end-user level, but to realise some of these advantages, challenges need to be encountered.


As with ground-based simulation, one may distinguish between low-fidelity EVS and high-fidelity EVS, just like some low-fidelity ground-based flight training devices are suitable for instrument training only, while other training devices provide full-mission capability. Although ET implies a high fidelity flight environment, a hypothetical single-ship EVS implementation may only be suitable to simulate SAM threats, which would mean that other elements of mission training have to be provided in the conventional way. This illustrates that there will be tasks and training objectives for training of which current EVS can only offer a partial solution. The description of the air-to-air engagement in the previous section showed that visual tasks, such as visual detection and identification of targets, requires solutions that are not yet available in current EVS designs.


Since the overall objective of EVS on fighter aircraft is to provide mission training at the later stages of initial training, during continuation training or for mission rehearsal, the positive training (transfer) would depend on the actual capabilities of the EVS, including CGFs, instruction aids, scenario management and usability features at the squadron level, and the other available training methods and equipment. In any case, the position of ET in the training program, like any other training medium, should optimise the learning curve towards the required mission competencies. This requires an analysis of training objectives to which it could contribute, given the full range of operational tasks.

In summary, from a training and simulation view, we see the main R&D challenges for EVS and ET as the following:


· Truly intelligent CGFs that exhibit convincing blue or red behaviour, integrated in a C4ISR simulation model in a joint environment;


· Visualization of WVR targets (e.g. by projection on a Helmet Mounted Display, possibly using symbology);


· Real-time interface between EVS and instructor or scenario manager for scenario manipulation  and other instructional interventions;

· Use aspects of ET at different organisational levels to ensure sustained embedding in the Defence organisation;

· Development of a link between ET mission evaluation and competency based training program.
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ABSTRACT


Embedded training systems have several unique requirements as compared to more traditional training systems.  For the most part, these requirements stem from the fact that traditional instructors and other technical support personnel are not typically available in the operational environment.  Hence, embedded training must be essentially stand-alone systems.  This requirement means that embedded training systems must be highly automated and intelligent.  


As a starting point, it must be noted that developing effective embedded training systems should hinge on sound research into how people learn.  In addition, modern technology offers a variety of capabilities that were not available even 5 years ago.  Taken together, principles of learning supported by technology can yield effective embedded training systems.  The sections that follow lay out the components of an effective embedded training system.  It begins with tenets from scenario-based training and then adds components of intelligent tutoring.

1.0 Science behind scenario-based training


The challenge of building adaptive expertise is a major thrust in most modern Military training.  Over the past thirty years, the development of expertise has been the focus of much study.  Based on this body of work, theoretical justification has been amassed for the proposition that providing trainees with realistic scenarios can be an effective means to accelerate the development of expertise.  Such justification can be found in several lines of research into how people learn.  In this regard, Glaser (1989) argued that “beginners’ knowledge is spotty, consisting of isolated definitions and superficial understandings of central terms and concepts” (p. 272).  Over time, these items of information become more structured and are integrated with past organizations of knowledge, eventually being stored as condition-action rules in memory.  Thus, through acquisition of domain knowledge, experts build up a repertoire of instances—or patterns--indexing them in such a way that they are rapidly accessible when triggered by environmental cues (Chi, Glaser, & Farr, 1988, p. xvii; Gobet & Simon, 1996; Logan, 1988).  Experts also appear to “chunk” information into related packets, and recognize meaningful patterns in the problem space, a finding that has been replicated across domains (Egan & Schwartz, 1979; DeGroot, 1965).


Based on this and other work, principles for the design of effective learning systems are numerous.  First, the notion that learning should occur in a meaningful or relevant context is supported by these theoretical positions.  Second, expert knowledge is conditionalized (i.e., specific to a context) and develops over time through repeated exposure to instances of the task (which is another way of saying experience).  New learning, in turn, must be integrated into this existing world knowledge. 


Research over the past 20 years has produced results that can enable the development of learning environments that are consistent with principles noted above. For example, simulations that afford trainees opportunities for practice and experimentation have proven very effective in a variety of contexts (Stout et al., 2008).  However, the effectiveness of any training system—simulation-based or otherwise—depends on how well the system is designed and whether it embodies sound instructional features (Salas & Cannon-Bowers, 2000).  In the case of simulation, much of the instructional power is actually attributable to the nature of the scenario that is expressed in the simulated environment.  Hence it is imperative to understand how to design and implement effective scenarios as a means to optimize scenario-based training.  


2.0 A framework for designing effective scenario-based training (SBT)


Cannon-Bowers et al. (1998) proposed an overarching framework to describe the SBT process based on extensive experience in training Navy combat teams.  This process has been modified over the years; the updated version can be seen in Figure 1.


[Insert Figure 1 about here]


The SBT process shown in Figure 1 provides an organizing framework for couching a discussion of SBT.  The following sections provide more detail about the SBT process and describe how each step in the process contributes a crucial component that optimizes the overall system performance and effectiveness. 


2.1 Task Analysis and Learning Objectives


It has long been acknowledged that a detailed task analysis is a first essential step in developing any training system.  It stands to reason that the targeted task and domain must be well understood before training can be developed, and job/task analysis methods to accomplish this have been existence for many years (Annett & Stanton, 2006). However, traditional task/domain analysis processes are deficient for several reasons.  


First, more attention is being paid to higher order skills, especially critical thinking, decision-making and problem solving.  This has resulted in efforts to better understand how experts perform in realistic environments, including specification of the tacit or implicit knowledge that is involved—such knowledge is crucial to task performance, but not well articulated by the experts themselves (Cianciolo, Matthew, Sternberg, & Wagner, 2006).  Hence, cognitive task analysis—which represent less direct methods of eliciting knowledge from experts--have been developed in recent years as a means to understand more completely how an expert would perform the task.  


Next, task analysis data must cast into a set of observable, measurable learning objectives for an exercise or training event.  This step may seem obvious, but is often overlooked; it is crucial for several reasons.  First, it helps to organize the scenario and ensure that the most important knowledge and skills are addressed.  Second, it helps to ensure that the exercise is targeted appropriately for the learners—so that it is neither too easy (and hence not challenging), nor too overwhelming so that trainees cannot gain maximum benefit.  In addition, formally stating learning objectives at the onset of an exercise is important so that it is clear what is to be covered and that trainees are practicing a manageable number of skills.  Finally, the learning objectives for an exercise or event should lead directly to a set of measurable outcomes (more will be said about performance measurement in a later section).


3.0 Scenario: Events and Story

Once the learning objectives have been established, they can then be used as input to develop scenarios, which form the basis of a training exercise.  With respect to developing effective scenarios, past researchers have conceptualized this process in terms of embedding events into scenarios that represent the learning objectives.  An event, in this context, is any stimulus condition that is purposely scripted into a scenario in order to elicit a particular response.  Scenario events have also been conceptualized as triggers—specific scenario conditions that will allow the trainee to practice the targeted learning objectives (Fowlkes et al., 1998) as a means to demonstrate proficiency and/or as a basis for feedback.  Hence, the scenario events are the basis of a trainee’s practice opportunities.  


The scenario in SBT also serves another purpose; that is, to provide a context or narrative that ties events together.  In this sense, the scenario or story also serves a motivational purpose because it engages the trainee in a realistic context. Researchers have recently begun to theorize that narrative elements may actually enhance learning by helping guide trainees through the system (Ironside, 2006).  Further, recent research into concepts such as immersion and presence seems to indicate that learning can be enhanced when trainees are psychologically engaged in the scenario (Whitmer & Singer, ).  Stories and story-based learning also help to ensure that the experiences trainees gain in training (as opposed to the real world) are authentic—that is, they are rich, faithful representations of the world that will enable the trainee to transfer his/her virtual experience into the real environment.  This includes the affective or emotional aspects as well as more cognitive and behavioral.


3.1 Performance Measurement/Metrics/Diagnosis


Once scenario events are scripted and instructional strategies selected, the next step in the SBT development process is to specify the performance measures that will be implemented to assess trainee actions and behaviors.  In general, performance measurement is challenging in high performance environments because it is difficult to assess complex, and often times unobservable, performance.  For example, in many cases, the situation is unfolding rapidly and there are many things going on at once (this is particularly true in team situations).  Therefore, simply sorting tracking and sorting through trainees’ performance is complicated.  


It is also often difficult to evaluate performance since it is impossible to track a trainee’s thought process directly.  Hence, instructors may not be able to comment on the process that the trainee used to arrive at a conclusion or action.  Further, establishing standards of performance—this is, a set of criteria that describe desired performance—is not feasible in uncertain, ambiguous decision making situations where there are many possible ways to solve a problem.


Perhaps the most important function of performance measurement is the ability to diagnose the causes of observed performance.  That is, it is not sufficient to say that a trainee performed poorly--in order to intervene so that performance can improve, it is essential to understand why the behavior was demonstrated.  For example, if the student’s performance can be attributed to a lack fundamental knowledge, this would suggest one remediation strategy, while a deficiency in skills (e.g., communication) would suggest an entirely different one.

3.2 Instructional Strategies


SBT environments provide a context in which learning can occur, but they are not training systems in and of themselves, without additional elements displayed in Figure 1. The establishment of instructional strategies that optimize learning is of primary importance here; there are several possible approaches to embedding instruction in SBT.  For example, instructional decisions can be made regarding the difficulty of tasks presented to trainees, the form and timing of feedback (more will be said about this in a later section), the nature of hints and cues provided to trainees, the spacing of practice opportunities, and the like.  Consideration of the nature of the learning objectives, as well as the trainees’ level of mastery, are critically important in this regard.


3.3 Feedback & Remediation


As noted, feedback is an essential element in SBT, as it is in all forms of training.  Feedback provides trainees with a detailed understanding of their performance and what needs to be corrected in order to enhance subsequent performance.  Much has been written about feedback in training, including issues such as: when and how often to give feedback, the format of feedback (e.g., directive or reflective), the specificity of feedback, and who provides feedback (instructors or trainees themselves.  The literature provides much useful guidance on how best to implement feedback mechanisms in training.   In SBT, feedback is a primary mechanism for imparting targeted objectives; hence it must be carefully developed and implemented.


3.4 Learning Management


A final step in the SBT process is to record trainee performance, and use that information to guide future training exercises.  In operational environments this is often accomplished informally, rendering subsequent training sessions less effective than they could be.  The requirement is to accurately identify and record the trainees’ level of mastery so that future training events can be tailored to their needs.  Otherwise, the possibility of repeating practice on learning objectives that have already been mastered is high.  It is necessary in this regard that performance outcomes from SBT exercises be carefully recorded so that they can inform subsequent training.


3.5 Intelligent Tutoring

Traditional intelligent tutoring systems seek to automatically track, interpret and act upon real time trainee performance data.  The history of intelligent tutoring spans the last 20 years, and for the most part, successful tutors have been implemented for static tasks (such as math, programming).  More complex environments have typically exceeded the ability of systems to track and interpret data.  Further, models of complex performance have typically not been available.   Modern technology is providing new capabilities that may be able to address these deficiencies.


3.5.1 Components of Intelligent Tutoring

Traditional intelligent tutoring systems have several key components.  These include:


· Expert model—detailed model of expert performance used as a means to compare observed student performance.  


· Student model—executable model of student performance that is built up over time based on observed (on-going) student performance.


· Instructional model—model that guides the specification of what should be done (feedback/remediation) in response to various student performances


· Tracking mechanisms—instrumentation that allows collection of a variety of performance data including, keystrokes, eye gaze, head movements, body movements, verbal responses, and/or instructor input.


· Simulation—typically, intelligent tutoring for dynamic tasks are based on some type of simulation.


These components are compatible with the scenario-based training model offered above.  When combined, these capabilities have the potential to provide Intelligent Embedded Training systems that can be implemented in operational environments—without much support from instructors or other technicians.


A vision of intelligent embedded training includes automated scenario generation capabilities that allow instructors to easily develop new scenarios that correspond to changing mission requirements.  Importantly, this process would also result in specification of performance measures and diagnostic routines, most likely developed through an interactive authoring dialog with the instructor.  Once scripted, a new scenario would be easily implemented in the embedded training system so that trainees could automatically receive feedback about their performance.  


4.0 The Way Ahead


Early attempts to develop Intelligent Embedded Training met with only limited success, and few, if any such systems are in use.  However, emerging technologies offer promise in this regard, and computing power has grown to the point where even data intensive systems are feasible.  
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Abstract


Embedded Training Systems provide a new opportunity for training not only procedural or systems skills, but also the higher-level cognitive skills that are critical for successful performance on today’s battlefield.  We have developed a principled approach for training the essential cognitive skills underlying high levels of situation awareness (SA) and decision making that can be easily employed in future embedded training systems so as to significantly enhance this critical commodity.  These training approaches include (1) SA Trainer which employs systematic experiential-based training to build essential knowledge bases and higher-order cognitive skills, (2) Virtual Environment Situation Awareness Review System (VESARS) which employs informed feedback on SA skills, team communications, and the accuracy and completeness of SA, and (3) the SA Virtual Instructor (SAVI) which builds critical SA skills by calibration of good and poor SA practices. 


1.0
INTRODUCTION


New systems being built for C4ISR and other battlefield operations increasingly include embedded training capabilities – that is training that occurs on the actual systems and devices the soldier normally uses to perform his or her duties.  While some of this training may take the form of more traditional Interactive Media Instruction (IMI), it also involves simulation based training in which actual operations can be simulated (with either live or virtual team mates and opponents) and the soldier being trained can interact with the controls and displays of the system in the same way he would in the real world.  This train-as-you-fight concept has considerable advantages in terms of costs, time utilization and opportunities for better training outcomes. 


Embedded training is likely to be used for training soldiers in system interaction, and in military doctrine and procedures. The real advantages of embedded training, however, go far beyond these standard training objectives.  Embedded training systems also provide the perfect platform for providing the enhanced cognitive skills training that is critical in the future battlefield.  In particular, we have been involved in ongoing work using these types of virtual simulations to train situation awareness (SA) skills and knowledge in military settings. SA is the key cognitive construct upon which decision making rests and one of the most challenging to develop and maintain in dynamic environments such as combat. These training approaches are based on research that shows the key challenges for SA and research on factors that distinguish experts from novices in these domains.  They are also built on detailed cognitive task analyses in the military domain settings that reveal the critical SA elements for a given warfighter role and the challenges they must contend with.   


1.1
Cognitive Skills Underlying High Levels of Situation Awareness


In talking about situation awareness, we encompass all three levels of SA in our approach.  Situation Awareness is “the perception of the elements in the environment, within a volume of time and space, the comprehension of their meaning, and the projection of their status in the near future” [3]. It therefore includes:


· Level 1 SA—Perception of the elements in the environment.  The first step in building SA is to perceive the status, attributes, and dynamics of relevant elements in the environment.  This will include important elements such as enemy, civilian, and friendly position and actions, terrain features, obstacles, and weather. Inherent in military operations is the difficulty associated with determining all the needed aspects of the situation due to obscured vision, noise, smoke, confusion, and the dynamics of a rapidly changing situation. Additionally, the enemy works hard to deny information on their troops and operations or to intentionally provide misleading information.

· Level 2 SA—Comprehension of the current situation.  Comprehension of the situation is based on a synthesis of disjointed Level 1 elements. Level 2 SA goes beyond simply being aware of the elements that are present to include an understanding of the significance of those elements in light of the warfighter’s goals. This level of SA is sometimes called situation understanding (SU). The warfighter assimilates Level 1 data to form a holistic picture of the environment, including a comprehension of the significance of objects and events. For example, an intelligence officer may need to assimilate the data from multiple sensors and reports to determine enemy intent or the impact of friendly operations on the degree to which an enemy unit can shoot, move, and communicate. Typically Level 1 SA (perceived data) must be interpreted (with reference to goals or plans) in order to have meaning as Level 2 SA. For example, a commander must understand the impact of discovering a new enemy unit on the conduct of a mission operation, so that he can rapidly make needed adjustments to ensure its success

· Level 3 SA—Projection of future status.  The third and highest level of SA is the ability to project the future actions of elements in the environment, at least in the very near term.  This is achieved through knowledge of the status and dynamics of the elements and a comprehension of the situation (both Level 1 and Level 2 SA). Commanders with a very high level of SA are able to project where and when the enemy will strike or what their next move might be. Warfighters with Level 3 SA are able to project how much time they have until reinforcements arrive or until a second volley of artillery fire arrives. This gives them the knowledge and time necessary to decide on the most favourable course of action to meet their objectives

1.1.1   Challenges for Novices


Expertise in a particular domain has a significant role in allowing people to develop and maintain SA in the face of high volumes of information transfer and system complexity [4]. This can best be explained in terms of two divergent ends of a continuous spectrum, as shown in Figure 1.


A person who is completely new to the systems and situations in a particular domain (e.g. a brand new first lieutenant or a soldier who is new to a combat zone) will be considerably overloaded in seeking to gather information, understand what it means and formulate correct responses.  They will be severely hampered in their efforts by both limited attention and limited working memory.  Lacking other mechanisms, they will have to think through each piece of data and try to process it in working memory along with other pieces of data.  Reading each report or listening to radio communications and interpreting that data will impose a significant burden. Properly understanding the significance of what is perceived will likely be problematic as well, as they will not have the experience base on which to interpret that information.  So they will often remain far behind the demand curve in taking in and processing the information that forms the basis for good SA in this dynamic environment. 


Their mental processes are further compromised by inefficiency.  They lack the knowledge of when which information is really most important.  Scan patterns tend to be sporadic and non-optimal. They may neglect certain key information or over-sample other information unnecessarily.  This is not just a matter of needing to learn a set way of taking in information. Without knowledge of the underlying relationships between entities in the battlefield, they do not realize what information to seek out following receipt of other information. Thus the prototypical novice is quickly overloaded, inefficient, and error prone in developing SA.  Decision-making and performance are highly compromised as a result. This is often the case reported today for new pilots or platoon leaders, for example, or for commanders facing a new kind of insurgent or weapon system.  Luckily, development of expertise in a particular domain significantly reduces these problems through a number of mechanisms. 


1.1.2 Mental Models


With increasing experience in a particular domain the model also details how people are able to develop a number of mechanisms that help to overcome these significant hurdles.  The first of these is a mental model of the systems being operated and the operational domain. For example a pilot develops not only a mental model of how the aircraft operates, including its many subsystems and its aerodynamic performance in the physical environment, but also a mental model of flight operations including air traffic control (ATC) procedures and expected behaviour associated with interacting with ATC and with other pilots. 


Mental models have been succinctly defined as “mechanisms whereby humans are able to generate descriptions of system purpose and form, explanations of system functioning and observed system states, and predictions of future states” [5].   They are generally used to describe a person’s representation of some physical system (e.g. how an engine or computer works), but also can concern other types of systems (e.g. how the enemy operates or how the military decision making process works).  Mental models embody stored long-term knowledge about these systems that can be called upon to direct problem solving and interaction with the relevant system when needed. Mental models are highly useful in the process of developing SA [3, 4] and provide several advantages:


· Knowledge regarding which aspects of the environment are relevant and critical cues that have significance (e.g. a flattened area of grass or a hum of an engine). This knowledge is critical for directing attention in taking in and classifying information in the perception process, making that process much more efficient in the face of a large amount of information to potentially be processed.


· A means of integrating various elements to form an understanding of their meaning (level 2 SA).   Understanding the significance of perceived system information is often very difficult without a mental model. Mental models provide the basis for interpreting perceived information (singularly or together) in terms of the individual’s goals to form Level 2 SA.


· A mechanism for projecting future states of the environment based on its current state and an understanding of its dynamics (level 3 SA). Similarly, the projection of future system states is very difficult without a mental model. Accurately projecting what the enemy in a battle is likely to do requires a very detailed mental model of not only the battlefield (terrain features, weather, obstacles), but also of the enemy (objectives, capabilities, doctrine, culture, tactics, techniques and procedures).  


1.1.3 Schema of Prototypical Situations or Patterns


Over time, people will encounter many situations and from this will develop a type of library of prototypical situations, or schema, in memory.   Schema can be thought of as prototypical states of the mental model (i.e. a pattern consisting of the state of each of the relevant elements).  By pattern matching between the current situation and schema, people can instantly recognize known classes of situations.  “Oh, this is just like what happened last month”.  These prototypical situations can be learned through direct experience or vicariously through formal training or the case studies and storytelling that are endemic in many professions.  “This is just liked what happened to the aircrew in the Azores accident”.   A critical feature of schema is that new situations need not be exactly like previously encountered situations to achieve a match.  Rather only a few critical cues may be required to lead to a match or a near match. 


Pattern-matching to learned schema provides a considerable short cut for SA and decision-making.  Rather than processing data to determine level 2 or 3 SA (requiring working memory or exercising the mental model), that information is already a part of the schema and must merely be recalled.  Klein has called this recognition primed decision making [6].  The critical factors for achieving good SA through this mechanism are recognizing the critical cues that are used for pattern matching, and having a good stock of such schema in memory.  In addition, it appears that some people are better at pattern matching than others, and this attribute has been shown to be correlated with SA [7]. 

Very often scripts, set sequences of actions, have also been developed for these schema, so that much of the load on working memory for generating alternate behaviours and selecting among them is also diminished.  These mechanisms allow the commander to simply execute a predetermined action (e.g. follow doctrine or rules of engagement) for a given recognized class of situations (based on their SA).  The current situation does not even need to be exactly like one encountered before due to the use of categorization mapping — as long as a close-enough mapping can be made into relevant categories, a situation can be recognized, comprehended in terms of the model, predictions made and appropriate actions selected. In that people have very good pattern matching abilities, this process can be almost instantaneous and produce a much lower load on working memory making high levels of SA possible, even in very demanding situations. 


1.1.4   Critical Skills


In addition to the key knowledge constructs of mental models and schema, experts also tend to develop superior skills for acquiring and processing information in their environment that must be learned or trained. Pilots learn to communicate with ATC and to scan their instruments to make sure their knowledge of the situation does not get out of date.  Air traffic controllers learn how to scan their radar maps efficiently based on traffic patterns in the sector.   Military officers learn how to gather and disseminate key information on the radio, how to listen for information that is relevant to them while ignoring other information, and where to post troops as listening and observation posts to insure that key information is gathered and passed on in the first place.  Much of the gathering of SA is not just passive, waiting for key information to be presented, but is an active process.  The information that is available to military pilots, for example, is dependent on how they setup and operate their radar (search patterns, where it is focused, modes), what frequency they tune their radios to, and when they request information from others. Thus their actions determine what information they will obtain.  All of these are examples of learned skills, specific to each domain, that improve with expertise and that contribute to higher SA among experts.   


1.1.5   Study of SA Training Needs in Infantry Operations


As an example in the military domain, Strater, Jones and Endsley [8] surveyed 43 individuals who train new platoon leaders on problems observed with SA in these new officers.  Issues that were rated as a frequent problem by more than 25% of the respondents are shown in Table 1. Problems in communication posed a major problem for new platoon leaders leading to poor SA. These problems ranged from not requesting information to not communicating key information.  In addition there were significant problems reported in gathering information on the combat readiness status of the opposing force and one’s own troops. 

Comprehension problems were also noted, including failing to assemble bits of information together into a coherent picture and not specifying alternate courses of action (COAs), along with not understanding task priorities, the impact of load and travel on fatigue, and soldier positioning to minimize fratricide. Instructors rated understanding enemy strengths and weaknesses, likely areas of strategic significance to the enemy, and enemy expectations of friendly actions as major problem areas for SA in new platoon leaders.  


With regard to Level 3 SA, a lack of contingency planning was identified as a problem area, as was failure to project the usage rate of ammunition and supplies.  Problems with SA regarding the opposing force were also found at the projection level, as trainers noted that new platoon leaders have difficulty projecting a likely enemy COA, as well as their disposition around heavy weapons.

Poor skills for gathering information are particularly problematic in military settings, as very little information presents itself otherwise. It was found that the officers often were not communicating key information because they assumed they knew what was going on, or that the information did not need to be passed on. In addition, it appears that novice platoon leaders suffer greatly from not having good mental models or schema. They are quickly overwhelmed by information, are slow to grasp which information is important and where to look for important follow-up information.  Without these schema, they also faired poorly in integrating information to understand its significance and to carry out projection and contingency planning.   These findings are well in line with the types of SA problems experienced by those in other domains [1], and are indicative of the areas that future SA training programs should address. 


Table 1.  SA problems for new platoon leaders (% reporting) [8]

		Level 1 SA: Failure to Correctly Gather/Detect the Critical Information in the Situation 



		Not detecting information due to attentional narrowing

		27 %



		Not utilizing a standard reporting procedure

		30 %



		Not carrying out standard operating procedure

		28 %



		Poor intelligence information due to:



		Not requesting pertinent intelligence

		31 %



		Not employing squads tactically to gather needed information

		30 %



		Not determining reliability/timeliness of intelligence information

		26 %



		Poor communication caused by:



		Not requesting information from squad leaders

		30 %



		Not requesting information from commander

		30 %



		Not communicating key information to commander

		35 %



		Not communicating key information to squad leaders

		30 %



		Not communicating key information to other platoons

		44 %



		Not monitoring company net

		28 %



		Not communicating overall situation/Commander’s Intent to squads

		28 %



		       Not determining own combat readiness status



		Experience and training

		26 %



		Timing/location of direct/indirect fire support

		30 %



		       Not determining combat readiness status of opposing forces



		Number and severity of casualties

		37 %



		Physical fatigue

		30 %



		Mental fatigue

		31 %



		Movement and current position of troops

		28 %



		Weapons types, characteristics and quantities available

		33 %



		Location of direct/indirect fire support

		44 %



		Ammo and supplies availability

		33 %



		Availability of reinforcements

		37 %



		Heavy weapons location

		40 %



		Past behaviour and tactics

		26 %



		Impact of current and future weather factors

		26 %



		Level 2 SA: Failure to Comprehend the Situation (although basic information is detected) 



		Not assembling bits of information together to form a coherent picture

		29 %



		Not specifying alternate/supplemental plans/courses of action

		32 %



		Not developing an understanding of:

		



		Task priorities

		33 %



		Impact of soldier load and distance travelled on troop fatigue

		33 %



		Positioning soldiers to minimize the risk of fratricide

		25 %



		Enemy strengths and weaknesses

		29 %



		Likely areas of strategic significance to enemy

		27 %



		Enemy expectations of friendly actions

		34 %



		Level 3 SA: Failure to Project the Future Situation (though current situation is understood)



		Lack of contingency planning

		39 %



		Failure to project the following:

		



		Usage rate of ammunition and supplies

		36 %



		Likely enemy COA from available information

		33 %



		Location of enemy troops around heavy weapons

		32 %



		Failure to Effectively Perform the Necessary Mission Tasks 



		Poor mission planning

		27 %



		Poor responses to unexpected/unplanned events

		36 %



		Poor time management

		45 %



		Poor task prioritization

		28%





2.0   Training Approaches for Improving Situation Awareness


We have been building a set of training approaches for improving the cognitive skills and building the cognitive structures underlying high levels of SA.  These training approaches selectively target those skills and structures that are specifically needed in a given domain, based on both the cognitive model described above, as well as detailed analyses of the SA requirements and challenges that exist in each domain. These approaches are not a “one size fits all” solution, but rather an integrated set of tools that can be customized for the domain, the needs of the trainees in that domain, and the objectives and operational realities of the organization.   

2.1 SA Trainer


The SA Trainer employs rapid experiential learning in support of mental model & schema development.  In normal operations, over the course of many months and years, individuals will gradually build up the experience base to develop good mental models and schema for pattern matching upon which SA most often relies.  With the SA Trainer, we work to boot strap this natural process, by exposing the trainee to many, many situations in a very short period of time using IMI and embedded training techniques.  This experiential learning is very structured, so as to help the trainee get the most out of the information they are exposed to. 


The SA Trainer employs realistic mission scenarios with opportunities for complex operational decisions. The target is to provide an increased opportunity for exposure to a variety of situations which supports the development of situation-based knowledge stores, to train recognition of critical cues that signal prototypical situations, to support trainee information integration and decision making, and to promote understanding of the importance of consequences, timing, risk and capabilities associated with different events, behaviours, and decision options. In schema training, trainees learn what it means to develop SA in the environment, learn to build higher level SA out of data, and receive training toward projecting future events in prototypical situations. 

SA Trainer introduces SA using the “what”, “so what”, and “now what” description model, which maps to the three levels of SA in a format that is easy to recall. In this manner, trainees learn to think about their SA needs in terms of WHAT information do I have or do I still need, SO WHAT does this information mean in terms of my goals, and NOW WHAT will happen next, or what should I be prepared to do to deal with the future situation? Virtual training instructors (avatars) lead trainees through various situations to help focus on critical metacognitive skills related to identifying critical cues, evaluating the relevance of information, both available and missing, and developing contingency plans for likely near future events. SA Trainer helps trainees learn how to think about situations, rather than just what to think, so that they quickly recognize prototypical situations, adapt to novel situations, and make high quality decisions during real operations. As trainees make decisions, the avatar may prompt trainees to consider what they know, what they need to know, how they can best gather missing information, and how to evaluate conflicting information. 


The training specifically focuses on creating Levels 2 and 3 SA from the basic information available in the environment. It also focuses on training soldiers in the critical cues that signify prototypical classes of situations, for instance leading indicators for IEDs.  This type of training helps build the mental models and schema necessary to put cues together to form the needed comprehension and projection.  As such, it is experientially based (i.e. involves mission scenarios and examples) and allows trainees to build an understanding of cues and events in a multi-modal manner. A key advantage of this type of training is that it provides a concentrated learning environment for building up the key foundations for SA that would take years to accumulate in the field and would be very hazardous. In an investigation of the efficacy of SA Trainer, Strater, et. al [9]found that military cadets who had received training with the infantry version of  SA Trainer performed better in a field exercise, and were more likely to have confidence in their SA.  In addition, we have recently completed a version of SA Trainer specifically directed at training soldiers to detect and defeat IEDs for the USMC. 

2.2 Virtual Environment Situation Awareness Review System (VESARS)


Feedback is critical to the learning process. In order to improve SA, soldiers need to receive feedback on the quality of their SA. For example, inexperienced soldiers may fail to appreciate the severity of threatening conditions because they have come through similar conditions in the past just by luck.  Unfortunately, this also reinforces poor assessments. It is difficult for individuals to develop a good gauge of their own SA in normal operations.  Training through SA feedback allows trainees to fine tune critical behaviours and mental models based on a review of their SA performance [10]. The VESARS method involves the use of SA measures that assess trainee SA in three areas: (1) a behavioural rating tool that assesses warfighter and team actions, (2) a communications rating tool that evaluates team communications, and (3) a SA query tool that allows direct assessment of warfighter and team SA [11, 12].  VESARS was specifically designed to work well with virtual and embedded training environments, or it can also be employed in field exercises. 


2.2.1 SA Behavioural Rating 

VESARS presents aspects of SA behaviour important to acquiring and maintaining SA for a particular job function or role. Instructors can rate individuals or teams, based on the appropriate behaviours for building SA relevant to each job. This particularly supports the less experienced evaluator, pointing out what to look for in relation to physical actions for situation assessment. Each behaviour can be rated on a Likert scale including ratings from 1 to 7, or “not observed”. A particular utility of the VESARS behavioural rating system lies in being able to assess how the quality of the situation assessment behaviours of the trainees changes over time, as the ratings can be made throughout the training session and are recorded along the timeline. This avoids the post-trial memory recall problem associated with making an after-action assessment of all behaviours and the overgeneralization that is common to such ratings. The VESARS behavioural ratings for each team member and each item on the rating tools are also averaged to provide a behavioural score for the role and for a particular situation assessment skill. The results are recorded at the end of a training trial into a data file for later review. 
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Figure 4.  VESARS SA Behavioural Rating Form Example (USMC Fire Support Team)


2.2.2 SA Communications Rating


Team communications is critical to the formation of SA in many team environments, particularly those in most military operations. Various team communications have been categorized as relevant to SA on the rating tool. Each item on the rating scale has been identified as an important team communication for acquisition and dissemination of goal-related information. In using this tool, the instructor listens to the natural communications of the team members and rates the quality of their verbalizations as either good or bad (poor) statements. The system tracks the counts of good and poor statement over the course of a scenario. At the end of a training trial, the rater has the opportunity to review summary data for SA communications ratings in order to provide an overall team communications rating. The rating scale includes descriptive phrases that serve as guidelines to raters when providing a score from 1 to 5. The descriptions help rates assess overall communications quality for  consistent ratings of team communications.  
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Figure 5. VESARS SA communications rating scale example (USMC fire support team)


2.2.3 SA Probes


Direct objective assessment of an individual's SA through relevant queries measures an individual’s SA (their perception of what is happening in a simulation or exercise) and provides feedback on how that compares to what was actually happening at the time.  This type of information can be highly useful in teaching an individual the ways in which their processes may be deficient and how to correct them. VESARS accomplishes this goal through a modification of the Situation Awareness Global Assessment Technique (SAGAT) [3, 13].  SAGAT has been adapted for SA training by the addition of feedback to individuals on the accuracy of their responses.  For instance: “You thought you were here when actually you are there.  You had hostile individuals following, but were unaware of it.  You missed noticing that the earth had been disturbed along that route, which is a key indicator for IED activity”.


The VESARS SA Probe tool supports the person administering SA probes in identifying relevant probes over the course of the training scenario, selecting and presenting probes in real time, and recording responses to probes. The comprehensive list of SA probes is developed for the domain (based on a detailed Goal Directed Task Analysis (GDTA) conducted for each role) and is housed in a database that is accessed by VESARS.  The system scores each probe as correct or incorrect, retaining both the trainee response and the correct, ground truth response recorded by the administrator. The results are then stored in a data file that can be accessed for review using the review tool to be explained later.

To incorporate shared SA, the GDTA data of all team members are cross-analyzed to highlight the shared goals and shared SA needs. In many cases there are similar informational elements that are needed for different purposes across team members. SA probes can be developed to determine if training team members have the same understanding of shared SA elements. The SA probe database identifies probes that are potential shared SA queries, and indicates to which team members each SA probe is associated. As some information requirements are relevant to all members of the team, SA probes designed to assess knowledge of these information items can be posed to any member of the team. Some information requirements are only applicable to a limited set of team members. Such SA probes would be identified in VESARS as only relevant to those few positions. 
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Figure 6.  SA Probe delivery tool example (USMC fire support team)

2.2.4 Use of VESARs in After Action Reviews (AAR)


SA training through feedback involves providing knowledge of results immediately following training so that trainees understand the degree to which they were able to acquire SA and use it to meet operational goals. This kind of feedback enhances the utility of AAR sessions as it provides quantitative and qualitative results that the training coordinator can map directly back to scenario events. This approach requires valid and reliable measures of SA that are based on theory and empirical results. SA measures for training and instructions should meet specific criteria to ensure they provide “good” results for “feeding back” for training. Research-based criteria (e.g., [14, 15, 16])suggest that measurement should: map to key performance outcomes and goals for the domain, address both team and individual deficiencies, facilitate insight into team interactions, meet construct and content validity, be reliable, defensible, and relevant, be multifaceted, and be practical for use and implementation. The SA and human performance measures developed for our SA-oriented training through feedback approach are designed to meet all of these criteria and to provide detailed and specific SA review.  The AARs can be conducted either in a classroom setting following the exercise, or virtually through built-in AAR tools embedded within the equipment. 


Data on the accuracy of each team member’s SA, their associated SA behaviours and SA communications over the course of the mission can be presented as discussed, as well as how these factors affected the overall SA and performance of the team.  This creates a detailed template for conducting the AAR and for providing actionable feedback to the trainees to enhance the learning experience for these critical cognitive skills. 
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Figure 7.  Examples of VESARS Feedback for use in the After-action Review


VESARS was initially developed for the U.S. Army Research Institute for training small units in urban combat settings, and has been expanded to fire support teams for the US Marine Corps, to homeland defence applications, and to mission control training for NASA. 


2.3 Situation Awareness Virtual Instructor (SAVI)


Training others is a powerful opportunity for the trainer to learn as well as for the student. Research has shown that acting in the role of instructor also serves to facilitate learning [17, 18].  Most new trainers experience an exponential learning curve during the initial transition from doing a task to training others on a task. The Situation Awareness Virtual Instructor (SAVI) trains warfighters on the behaviours that are consistent with and important to good SA by allowing trainees to play the role of the trainer to rate the actions (behaviours and communications) of an individual or team and provide a rationale for their rating. SAVI integrates behavioural and communications training through embedded training technologies so that warfighters can observe performance and understand how information gathering and dissemination components (e.g., attention and perception, information discovery and filtering, information prioritization and integration, use of operational tools, information exchange and provision contextual content, team coordination, etc.) interact to impact global SA. The objective behind this training method is that the process of critically evaluating the behaviours and communications portrayed in the videos allows trainees to gain a deeper understanding of how these behaviours and communications support the acquisition of superior SA.  


The SAVI approach leverages the exponential learning that occurs during either peer instruction or the transition from trainee to trainer.  Trainees quickly learn what behaviours are appropriate for various operational situations, because they observe these aspects of performance and provide their assessments on the quality of the performance. Trainees are able to refine their mental models of good SA behaviours and communications as they also compare their assessments to those provided by domain experts. Behavioural training facilitates understanding of how active situation assessment promotes SA for maintaining the tactical advantage. 
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Figure 8. Examples of SAVI for Mission Control


3.0 Conclusion


Taking advantage of the capabilities of embedded training tools involves far more than translating the same old training techniques to a new platform.  The real advantage will be seen when we move from simply training the rote skills, towards training the cognitive skills that allow warfighters to utilize their equipment and techniques in situ to achieve the best performance for the situation at hand.  As much more sophisticated command and control tools are developed, the cognitive aspects of warfighting will become even more critical than they have been in the past. In this paper we advance several techniques and tools that have been developed for building the cognitive skills that will be needed on tomorrow’s battlefields.  These tools can be incorporated into embedded training programs to allow warfighters to develop and hone the needed SA skills for achieving high levels of performance. 
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Figure 3.  SA Trainer for Infantry Operations
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AbstracT

In industrial production of high-wage countries, advanced automation technologies can partially compensate the lack of skilled workers, but human effectiveness and flexibility is still essential in many scenarios. Implementing the idea of mutual completion, direct human-robot cooperation appears suitable where strong forces are needed but human flexibility is indispensable. For this, the explicit spatial separation between robot and worker has to be given up. Prior to installation of sophisticated monitoring systems on the shop floor, advanced simulation methodologies have to be embedded directly into the production cell to design such cooperation scenarios safe and effective likewise. An immersive simulation system is presented which allows an optical see-through augmented reality (AR) configuration where the user is able to perceive the real tool in his hand. Alternatively, the system also supports a pure virtual reality (VR) mode where all objects’ visualization is artificial. Both variants accord in direct confrontation with a virtual robot and real-time physics simulation capabilities. A usability study with 40 subjects has been conducted, featuring robotically supported cast part blasting as experimental task. Results of user performance focussing on executing times and shooting accuracy indicate a tie between AR and VR and a surpassing overall usability in both configurations, but the users’ personal preference trends towards AR.

1.0
Introduction

Due to demographic changes in high-wage countries, a significant lack of manufacturing specialists and skilled workers is foreseeable. Furthermore, constantly increasing pressure on costs, quality and timing combined with short product lifecycles and diversified product variants tightens selling conditions. Consequently, new manufacturing methods and appropriate simulation techniques are needed in order to strengthen competitiveness. Heavyweight goods handling in small-lot production is a good example where robots could ideally support human workers. This approach is particularly interesting for small and medium-sized enterprises, as demonstrated in the SMErobot initiative [1]. The sticking point is that the spatial separation between human and robot defined in international industrial norms like ISO 10218 [2] has to be given up. Therefore, besides safeguarding monitoring systems installed on the shop floor [3], new immersive simulation techniques are needed to minimize the risk of injury prior to start of production. Embedding the user directly into the virtual scene, advanced immersion could facilitate and accelerate safety assessments. Consequently, research efforts at the Institute of Industrial Engineering and Ergonomics at RWTH Aachen University feature advanced virtual and augmented reality technologies for more immediateness and realism.

2.0
Virtual Technologies in Process Simulation and Robotics

Desktop-PC-based 3D simulation environments are state of the art nowadays and cover most scenarios for industrial robotics in various use cases: from heavyweight goods handling to spot welding and spray painting, robots, fixtures and most equipment can be modelled and simulated [4]. This allows building up complete production lines including all challenges which come about like power-up phases, mutual interlocks, dynamic material allocation etc. Nevertheless, human workers in general and highly skilled workers in particular are still rarely taken into account. Representation with digital human models offers advanced analysis capabilities in terms of proportions, stress analysis, field of view etc. [5], but due to their high number of degrees of freedom, digital human models are cumbersome to handle, especially in interactive real-time scenarios.


AR and VR allow direct (egocentric) confrontation of the user with the virtual objects. Humanoid robot interaction is a well-know area of application [6]. Robot manufacturers like ABB and KUKA [7] as well as third party researchers [8] have already caught up this track to support and to facilitate robot programming. In this context, an ongoing German research project with participation from industry as well as research labs called AVILUS focuses on further improvement of virtual and augmented reality technologies in product development and service [9]. Still, support for direct human-robot cooperation in terms of manufacturing is rarely featured.

For AR, which is generally in regard to technology more challenging than VR for convincing results, desktop monitors with live video stream or images are most often used. Optical see-through (OST) head-mounted displays (HMDs) still lack in usability and ergonomics because of their size, weight, resolution, and the hard-to-realize occlusion of real behind virtual objects. Nevertheless, they offer deep immersion and require less space and financial effort in comparison to more elaborate alternatives like CAVE systems, for example. Current developments concentrate on advanced visual combination of virtual and real objects with addressable focal planes [10], for example. Accurate and easy-to-use calibration routines for OST HMDs remains a challenging task; established methods are based on matching of virtual over real objects [11], newer approaches use cameras looking directly through the HMD optics to exploit both the intrinsic and extrinsic parameters [12].

3.0
Industrial Use Case


Industrial casting of massive metallic parts like crank cases is accompanied by undesirable disposition of sand relics. Cleaning is usually done through abrasive blasting with water, dissolvers or carbon dioxide pellets. The last-mentioned alternative is most recommendable since carbon dioxide is electrically insulating, chemically inert, nontoxic and inflammable [13]. Well-directed laboring is highly advisable for surface protection and economic pellet exhaustion. Typically, the pellets are shot salvo-wise with a specialized high-pressure pistol.

In mass production, the cast parts are handled by highly-automated conveyor systems for fast processing. In small-lot production, however, operators depend on mobile handling devices like cranes and jack-up platforms. Frequent usage of these is cumbersome and dangerous through perpetual hooking and unhooking, clamping and unclamping etc. Direct human-robot cooperation can bring about a significant advantage through the idea of mutual completion: here, the robot could indefatigably cover flexible part handling (see figure 1) while the human worker could concentrate on part inspection and relics removal. An adequate simulation environment needs to account for realistic depth perception as well as lifelike appearance of the robot, the tool in the user’s hand and the abrasive medium exhausted by the tool. Consequently, visual as well as haptic and auditory perception are important factors for immersion and a realistic overall impression.
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Figure 1: Heavyweight goods handling with a robot (left, source: Duerr Ecoclean [14]) and 
worker with equipment for abrasive carbon pellet blasting (right, source: Reglotec [15])

4.0
Design of the Augmented Reality Training System


4.1
Hardware


A stereoscopic high-resolution 24 bit colour HMD nVisor ST by NVIS is used, with a 60 degrees diagonal field of view (FOV) for each eye and an optional 40% see-through light transmission. The HMD is fastened on a carrier which reduces physical stress on the user’s head and neck. For empirical studies, this fixation also guarantees the same perspective for all subjects, independently from the size of the upper part of the body. Hence, the user is sitting on a hydraulically height-adjustable seat (see figure 2).


A simplified model of a real blasting pistol has been designed in a CAD environment and then hand-crafted from aluminium and coated with non-reflective adhesive foil. The pistol’s trigger is conjoined with the left button of an integrated computer mouse. The mouse wheel and the right mouse button are still accessible with the thumb and can be allocated with arbitrary functionalities. Both the display and the pistol are fitted out with infrared light reflective marker targets so that their transformation (translation and rotation) is tracked by an optical tracking system by A.R.T. It consists of four ARTtrack2 infrared cameras, each processing sixty frames per second and together covering a working volume of about thirty-two cubic-meters. This allows accuracy in sub-millimeter range, depending on the size of the targets.


Data processing and graphical rendering is done by a standard Intel Core2 Duo CPU system with 3.0 Gigahertz and 3 Gigabytes of RAM plus a GeForce 9800 GX2 graphics accelerator by Asus. It includes a dual GPU architecture and directly supports hardware-accelerated real-time physics simulation. Each of its two DVI ports directly feeds one of the HMD’s input ports.

4.2
Software


While the hardware is mainly a composition of high quality off-the-shelf components, the software is self-developed in C++, based on OpenGL and specialized libraries for physics simulation and sound, focusing on tool-based manufacturing scenarios. Optical See-Through Augmented Reality (AR) and pure Virtual Reality (VR) are supported. While AR allows direct combination of the real pistol and virtual objects and so is actually closer to reality, it requires proper calibration and can lead to optical irritations, e. g. by frequent change of near and far accommodation. Additionally, all virtual geometries appear semi-transparent. VR offers a more homogenous and consistent overall impression with opaque geometry visualization including pistol rendering. However, latency effects may impede hand-eye coordination (see figure 2).
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Figure 2: The developed apparatus (left) and the two visualization modes 
AR (middle) and VR (left) with a yellow sand relic on the part as target

Stereoscopy is an important factor for depth perception in virtual worlds. Depending on the eye distance and the focused distance (convergence angle), a different image for each eye is generated separately for binocularity. The virtual camera’s field of view is adjusted to the HDM’s field of view to render realistic proportions. Especially for optical see-through AR, proper calibration is important to match real and virtual objects. In this case, the virtual pellets must leave the real barrel’s muzzle as closely as possible. Hence, a calibration procedure derived from the fast and widely recommended “Stylus-Mark Calibration” method [16] has been implemented where the real and the virtual pistol simply need to get overlapped manually at specific spatial positions.

As for the supported geometry file formats, besides X3D (XML-compliant successor of VRML by the Web3D organization [17]), the industry-widespread JT (Jupiter Tessellation) format, propagated by the JT Open Community [18], is featured for more industrial relevance. In this study, a detailed model of KUKA’s mid-weight handling robot KR180 has been used. The robot’s grippers as well as the simplified cast part (six cylinder crank case) have been designed in CAD.


Surface effects like reflections and bumps make virtual objects look more realistic. In depth buffer based rendering, fragment and vertex shaders allow this very efficiently, as described by Rost [19]. Executed directly on the GPU, they allow dynamic light effects in real-time without the need to modify the source geometry file. An environment map shader is used here to give the virtual robot a reflective look and a procedural shader is used for the base plate’s regular surface for much smoother renderings in comparison to standard textures.

In the real world, gravitation is responsible for material falling down and ballistic trajectories of accelerated masses. Since this has significant impact on the credibility of any environment (real or artificial), the popular real-time physics engine PhysX by NVIDIA [20] has been integrated. The calculations are deterministic for constant time step sizes, but it must be pointed out the numerical equation solver compromises with speed and accuracy to achieve real-time capabilities on standard hardware. As sound has a significant impact on immersion, the FMOD sound engine by Firelight Technologies [21] has been implemented to allow synthesized generation of robotic movements and blasting sounds as acoustic feedback for the user.

For the robot’s movements, the joints’ postures can be controlled via a process server which comprises a mathematical model of the robot (industrial robotic arm with six axes). Forward kinematics are modeled based on standard Denavit-Hartenberg’s terminology [22], inverse kinematics are calculated with a Taylor expansion approach. Once the server is engaged to play a process sequence like pick-and-place, it broadcasts all pre-calculated robotic status information to the graphics client via UDP Ethernet protocol. For conferencing scenarios, multiple graphics clients are supported. In more interactive use cases with just one graphics client, the joint angles can also be interpolated in real-time directly on the client side, given that all target joint angles are known. As the collaboration of worker and robot needs to be highly dynamic for an optimized workflow, the infrared tracking system tracing all pistol movements is used at the same time as supervision system. In doing so, the system makes sure that the robot only moves when the workers hands are in a predefined safety zone. Accordingly, a virtual signal light in the user’s FOV continuously notifies about the robot’s system state: to take down the pistol into the safety area for the robot to start moving (red light), to keep the pistol within the safety while the robot is moving (yellow light) or to raise the pistol to start working on the part (green light).

5.0
Empirical Usability Study


On the shop floor, the clearance between worker and robot is most significant for safety and efficiency. Consequently, the variant (AR or VR) with the most realistic synthesis of depth, proportions, dynamics and usability should be favored. An empirical usability study with 40 subjects (20 male and 20 female) has been conducted to compare user performance and workload in both system variants.

5.1
Experimental Design


The experimental design consists of a pre-phase, a main experimental phase and a post-phase. In the pre-phase, a general questionnaire on education and experiences has been carried out. Besides the age and educational background, the emphasis here was to find out about pre-experiences with 3D applications like CAD tools and 3D games like ego shooters. 22 of the 40 subjects had at least casual experiences either with 3D applications or 3D computer games. A test on visual acuity (including stereopsis and color-blindness) granted a minimum level of acuity of 80% with both eyes. Schuhfried’s Vienna Test System motor activity test [23] ensured a “error-time/overall-time” ratio of below 0.5 for the steadiness test and line following test.

The main experimental phase was split into two sub-phases where the participants worked with the AR and VR configuration of the system one after the other, order randomized. In each configuration, 20 relics had to get hit off the virtual cast part. The relics’ sizes were uniformly distributed between 10mm and 40mm and they were randomly placed on either of five sides of the part: on the front, left, right, top or bottom side. Depending on the side, the robot engaged one of five different postures, presenting the concerning side directly to the user for ideal treatment. During robot movement time (constantly 2.0 seconds), the user had to keep the pistol in a defined 2x2x2 m³ cube safety area space located at the end of the chair’s arm rest. In doing so, a common start position for all shooting actions was determined likewise.

Each subject was directly confronted with a virtual robot visualized in the height-fixated HMD. A signal light in the user’s field of view indicated the robot’s current state. As shown in the state chart in figure 3 on the next page, three robot states were possible:


(I) When there were still relics to remove and the robot tried to get into the next posture (randomly generated) but could not because the user’s pistol was not within the safety area, the robot halted (red light).


(II) As soon as the user entered the safety area, the robot began to move (yellow light). If the user left the safety area unless the robot had reached the next posture, the robot halted again (red light).


(III) Having reached the next posture, a new relic was instantly generated on the part. The execution time was tracked, as well as the number of pellets the user needs to hit the relic. Both numbers were permanently visible in the user’s field of view for motivation and control. As soon as the relic was hit, the user had to re-enter the pistol into the safety area for the next loop until 20 relics had been hit.

                                                 [image: image5.png]Ballistic
Pellet
Trajectory.

Infrared Tracking
Camera

Virtual Robot
holding Cast Part

User leaves
safery area

User hits
sand relic
number 119

Start

User enters
safety area

—{ Robot moves

Robot reaches next
posture, sand relic
s generated

User hits
sand relic
number 20

®






Figure 3: Schematic illustration of experimental setup (left) and virtual robot state chart (right)


Since all 40 subjects worked in both variants and removed 20 relics in each, 800 input/output datasets have been collected for AR as well as VR.


The experiment’s closure scheduled the NASA-TLX questionnaire, a multi-dimensional rating procedure based on different subscales including mental demands, physical demands, temporal demands, own performance, effort and frustration. For each subject, the NASA-TLX referred to the last configuration executed only, so either AR or VR. Finally, the personal preference for one variant for regular usage was recorded. All in all, the experiment took less than 45 minutes per subject.

5.2
Independent Variables


The two independent variables that varied uniformly distributed in each configuration were the position of each relic (given by the robot’s posture and the position on the part’s surface) and the size of the relic on the cast part:

(a) The position of the relics was uniformly distributed on either side of the part, held by a virtual robot located in 2.5 meters of (virtual) distance from the HMD. Due to robot’s poses, the average distance between user and part was 2.1 meters.  


(b) The yellow sphere-shaped sand relics had a uniformly distributed radius between 10mm and 40mm.


5.3
Dependent Variables


The two dependent variables which were tracked per target were the execution time and the number of pellets:

(a) The execution time in milliseconds was recorded continuously.


(b) The number of pellets needed to hit a single relic was counted for each target.


5.4
Subjects


The characteristics of the subject group were the following:

· 20 male subjects


· 20 female subjects


· All subjects 19-35 years of age


· All subjects’ acuity at least 80% (with both eyes)


· All subjects’ motor activity test results with “error-time/overall-time” ratio below 0.5


· All subjects with higher educational background: technicians, students or graduates


· Subjects both experienced (22 of 40) and inexperienced (18 of 40) with 3D applications

5.5
Constraints


Some constraints had to be imposed to decouple the independent variables and to increase the expressiveness of the results:

· The HMD was fixed to 1.5 meters height for standardized perspective for all subjects


· All subjects had to raise pistol up into field of view to avoid shooting “from the hip”


· Pulling trigger resulted in one single virtual pellet shot, no salvo-shooting possible

· Virtual pellets big-sized, light-weight and low-accelerated: 


· Radius: 8mm (( Volume: 2145mm³)


· Density: 10 kg/m³ (( Mass: 0.02145g)


· Muzzle velocity: 20 m/s


· Gravity was set to 9.81 m/s²


· No air friction simulated

6.0
Predictive Model


An established model to predict execution time T required to rapidly move to a target area is expressed by Fitts’ law [24]. Originally, this law is used to model the act of pointing, either by physically touching an object with a hand or finger, or virtually, by pointing to an object on a computer display using a pointing device. Mathematically, Fitts' law has been formulated in several different ways. One well-proven is the “Shannon” formulation:
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The logarithmic expression in (1) is called the “Index of Difficulty” (short: ID) and comprises the distance D and the size W of the target. The constants a and b are task-specific and need to be determined empirically. Obviously, Fitts’ law describes a linear relationship between the ID and the time needed to hit a target. As basis for evaluation of 3D stereo displays [25], it has also already shown to be generally applicable for pointing tasks in 3D environments [26] as well. Additionally, it has been utilized for determination of pistol shooting accuracy [27]. The presented experiment is a combination of the two latter: a pistol shooting task in a 3D environment where the distance consists of the way the pistol is moved plus the ballistic trajectory of the pellet when shot. In consequence, the visual feedback is not continuous. Further unique features here in contrast to existing studies are the use of a stereoscopic, height-fixated HMD and the direct comparison of AR and VR. Regression analysis was supposed to bring about scientifically founded adaptability of (1) for this case.

7.0
Results and Discussion


7.1
Means and Standard Deviations


As expected, the radius of the relics was about 25mm in average (see table 1). The range of relic sizes (from 10mm to 40mm) turned out to be adequate (large sizes for easy aiming, small sizes for hard-to-hit cases). Differences in distance (average: ~2100mm) were a result of the individual height of the seat of a subject, the different postures of the robot and the different positions of the relics on the cast part.

		

		Augmented Reality

		Virtual Reality



		

		Mean

		Std. Dev.

		Mean

		Std. Dev.



		Relic Size [mm]

		26.22

		1.8

		26.03

		1.6



		Distance to Relic [mm]

		2098.5

		66.99

		2131.36

		67.58





Table 1: Means and standard deviations of independent variables (the size of the relics and their distance from the start position of the pistol) under both experimental conditions, AR and VR

The subjects hit not significantly faster in VR than in AR. However, the dependent t-test shows with t(40)= 3.05 (p  < 0.05) and an effect size of  r = 0.44 that the number of pellets needed in AR is significantly higher to achieve the same performance: The subjects need 17% more pellets in AR for a comparable temporal rating (see table 2). An explanation for this can be found in what many subjects reported during the experiment: in AR, more pellets were needed for aiming and orientation since the virtual bullets did not always match 100% with the real pistol’s muzzle. In VR, the overall visual impression was considered to be more consistent. Both the execution time and the shots needed are more leptokurtic by a lower standard deviation in VR, so it actually appears to be the slightly steadier variant. 

The personal experience with 3D applications in general and 3D shooter games in particular had no statistically significant influence on the individual result. Hand-eye coordination when shooting with a real pistol in six degrees of freedom is probably too different from shooting with a computer mouse and two degrees of freedom on a desktop. This would need more investigation and a more appropriately differentiated selection of participants.

		

		Augmented Reality

		Virtual Reality



		

		Mean

		Std. Dev

		Mean

		Std. Dev.



		Overall


(N=40)

		Execution Time [ms]

		3378.04

		896.55

		3306.56

		925.39



		

		Shots Needed [float]

		3.71

		1.01

		3.17

		0.99



		



		3D experienced (N=22)

		Execution Time [ms]

		3134.69

		741.28

		3067.66

		751.7



		

		Shots Needed [float]

		3.59

		0.87

		3.05

		1.05



		3D inexperienced


(N=18)

		Execution Time [ms]

		3681.45

		995.57

		3598.61

		1049.94



		

		Shots Needed [float]

		3.86

		1.18

		3.30

		0.94





Table 2: Means and standard deviations of dependent variables (execution time and the shots needed) for all users, for users experienced and inexperienced with 3D desktop applications.

7.2
Frequency Distribution of the Shot Count

The frequency distribution for VR is more platykurtic (has negative kurtosis) and shows fewer and less extreme outliers than for AR. There have been obviously more situations where an extremely surpassing amount of pellets was needed to finally hit the target in AR.
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Figure 4: Frequency distribution of shots needed to hit a relic in AR and VR

7.3
Regression Analysis

Figure 5 shows the scatter plots of the tracked execution time over the individual ID for each target. The coefficient of determination turned out to be fairly low for AR (R²AR=0.133) and VR (R²VR=0.085). However, the F-ratio (quotient of the mean squares for the model and the residual mean squares) supports significance of the model with FAR=36.0 (p < 0.001) and FVR=57.87 (p < 0.001). The t-ratio (quotient of explained and unexplained variance) which is tAR = 6.0 (p<0.001) and tVR = 7.6 (p < 0.001) shows that the ID contributes significantly to the time needed to hit a target.


We get a positive slope in both cases, but the gradient is higher for AR, so the execution time increases more with growing ID in comparison to VR. Finally, there are more extreme outliers in AR which correlates with the general pellet consumption.
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Figure 5: Scatter plot for AR and VR in comparison with regression lines and equations


7.4
Workload


To measure the individual workload impact on the user, the NASA-TLX questionnaire has been handed out to the subjects directly after an experimental run (see table 3). The independent t-test shows that there is no significant difference in any of the subscales between AR and VR, so the task load index is very similar each time. Both the mental and the physical stress have been evaluated to be of minor impact (3.0 or less in average) which is remarkably good for an HMD-based virtual reality system. Main reasons for this could be


· The brevity of the experiment (not more than 45 minutes per subject).


· The fixation of the HMD to prevent excessive head/neck exposure.


· The system design (quick calibration, easy-to-use input device), abetting short vocational adjustment.


Performance and effort indices around 5 attest a moderate and balanced degree of difficulty of the task. Even more important, the average rating on frustration was marginal (index of 2.5 in overall average) although no new relic was generated unless the current was not hit even in difficult cases where the target was extremely small and far away.

		

		NASA-TLX Subscales



		

		Mental

		Physical

		Temporal

		Performance

		Effort

		Frustration



		

		M

		SD

		M

		SD

		M

		SD

		M

		SD

		M

		SD

		M

		SD



		Overall


(N=40)

		2.9

		2.1

		2.3

		1.9

		4.1

		2.5

		5.4

		1.8

		5.1

		2.0

		2.5

		2.1



		



		AR only


(N=20)

		2.8

		2.3

		2.4

		2.1

		3.9

		2.4

		4.9

		2.1

		4.8

		2.4

		2.8

		2.5



		VR only


(N=20)

		3.0

		2.0

		2.2

		1.7

		4.4

		2.6

		5.8

		1.3

		5.4

		1.6

		2.2

		1.5





Table 3: NASA-TLX results in both configurations together (overall), for AR only and for VR only
(M = Mean, SD = Standard Deviation)

  7.5
Personal Preference

The personal preference was on the side of AR: 62.5% of the subjects (70% of the female and 55% of the male participants) stated to prefer working with the AR configuration rather than with VR configuration when thinking of regular usage. As a motivation, subjects who preferred the purely virtual variant liked the consistent overall impression of VR. Advocates of AR, however, did like the mixed reality approach as such and fancied the absence of latency in their own movements since the real pistol and all body parts were immediately visible in the see-through mode. For those participants, cut backs in their own performance were acceptable for the benefit of a plus in contiguousness of reality.

8.0
Conclusions and Future Work


AR actually shapes up as a serious alternative to VR for this use case of virtual pellet blasting in a human-robot cooperation scenario with real-time physics simulation. The fact that the majority of subjects did personally favour AR supports this idea. Results of the NASA-TLX questionnaire prove a good usability of the system, highly motivating and with moderate ergonomic impact. Height-fixation the HMD for conditional equalization brought about an ergonomic advantage at the same time and the hydraulically adjustable seat has been evaluated to be significantly adjuvant at this point. The tie in execution time entails a plus of 17% in pellet exhaustion on the AR side. Statistically, this factor is significant, but practically, it is negligible since in reality, the pellets are exhausted in a salvo-wise manner. Consequently, turning from single pellet exhaustion to salvo-wise exhaustion of smaller pellets will be the next step in development, as well as implementation of side-effects like obfuscating steam.


Fitts’ Law has shown rather limited power for prediction of executions times in virtual abrasive cast part blasting in its general Shannon formulation of equation (1). Although the regression analysis brought about a significant correlation between the ID, spawned by the size and distance of the targets and the execution time, the coefficient of determination is too unincisive. Two main reasons for this could be that the visual feedback is not continuous and so the task is not a typical Fitts’ Law task and that the pellet’s trajectories had non-linear characteristics. For the visual feedback, salvo-wise exhaustion of pellets could help.

The current system includes a simple human-robot monitoring approach based on the infrared tracking system which allows triggering robotic motion between five distinct postures in a coincidental sequence. Methods of artificial intelligence could be ideal to implement a more sophisticated behaviour of the robot, possibly also adapting human laboring strategies.

Acknowledgements


This research work is supported by the German Research Foundation (DFG) within the Cluster of Excellence “Integrative production technologies for high-wage countries”.

References


[1] SMErobot: The European Robot Initiative for Strengthening the Competitiveness of SMEs in Manufacturing: Project Home Page: http://www.smerobot.org/.

[2] ISO 10218-1:2006: Robots for Industrial Environments – Safety requirements – Part 1: Robot, 2006.

[3] Gecks, T., Henrich, D.: Sensor-based Online Planning of Time-optimized Paths in Dynamic Environments. GWR09 German Workshop on Robotics, Braunschweig, Germany, June 9-10, 2009.

[4] Slansky, D., Gorbach, G.: Siemens PLM Software's Robotics Simulation: Validating & Commissioning the Virtual Workcell. White Paper. ARC Advisory Group, 2008.

[5] Stephens, A., Godin, C.: The Truck that Jack Built: Digital Human Models and their Role in the Design of Work Cells and Product Design. In: SAE 2006: Digital Human Modelling for Design and Engineering Conference, April 3-6, Detroit, USA, 2006.

[6] Kobayashi, K., Nishiwaki, K., Uchiyama, S., Yamamoto, H., Kagami, S., Kanade, T.: Overlay what Humanoid Robot Perceives and Thinks to the Real-world by Mixed Reality System. In: ISMAR 2007: 6th IEEE and ACM International Symposium on Mixed and Augmented Reality, 2007.

[7] Bischoff, R., Kurth, J.: Concepts, Tools and Devices for Facilitating Human-Robot Interaction with Industrial Robots through Augmented Reality. In: ISMAR Workshop on Industrial Augmented Reality, October 22, Santa Barbara, CA, USA, 2006.

[8] Ong, S.K., Chong J.W.S., Nee, A.Y.C.: Methodologies for Immersive Robot Programming in an Augmented Reality Environment. In: The Int. Journal of Virtual Reality, Vol. 6. March 2007.

[9] AVILUS: Applied Virtual Technologies in the Product and Production Lifecycle. Project Home Page: http://www.avilus.de/.

[10] Liu, S., Cheng, D., Hua, H.: An Optical See-Through Head Mounted Display with Addressable Focal Planes. In: ISMAR 2008: 7th IEEE and ACM International Symposium on Mixed and Augmented Reality, 2008.

[11] Tang, A., Zhou, J., Owen, C.: Evaluation of Calibration Procedures for Optical See-Through Head-Mounted Displays. In: ISMAR 2003: 2nd IEEE and ACM International Symposium on Mixed and Augmented Reality, 2003.

[12] Gilson, S. J., Fitzgibbon, A.W., Glennerster, A.: Spatial calibration of an optical see-through head mounted display. In: Journal of Neuroscience Methods, 173, 2008.

[13] Krieg, M.C.: Blasting with Solid CO2: Dry Ice Blasting, CO2-Snow Blasting. Flyer by Fraunhofer Institute for Production Systems and Design Technology IPK, 2008.


[14] Duerr Ecoclean: Cleaning and Filtration Systems. Home Page: http://www.durr-ecoclean.com/en/.


[15] Reglotec: Intelligent Industrial Solutions. Home Page: http://www.reglotec.com/.


[16] Tang, A., Zhou, J., Owen, C.: Evaluation of Calibration Procedures for Optical See-Through Head-Mounted Displays. In: ISMAR 2003: 2nd IEEE and ACM International Symposium on Mixed and Augmented Reality, 2003.

[17] Web3D: Non-profit organization that develops and maintains the X3D standard. Home Page: http://www.web3d.org/.

[18] JT Open Community: Jupiter Tessellation (JT) file format community to exchange 3D data for the purposes of visualization, collaboration and data sharing. Home Page: http://www.jtopen.com/, 2009.

[19] Rost, R.: OpenGL Shading Language. 2nd edition. Amsterdam; Addison-Wesley Longman, 2006.

[20] NVIDIA: PhysX Hardware-Accelerated Real-Time Physics Engine. Home Page: http://www.nvidia.com/object/nvidia_physx.html, 2009.

[21] Firelight Technologies: FMOD Music & Sound Effects System. Home Page: http://www.fmod.org/.

[22] Angeles, J.: Fundamentals of Robotic Mechanical Systems. Springer, New York, 1997.


[23] Schuhfried: Vienna Test System. Home page: http://www.schuhfried.at/.

[24] Fitts, P.M.: The information capacity of the human motor system in controlling the amplitude of movement. In: Journal of Experimental Psychology, Vol. 47, No. 6, June 1954.

[25] Chun, K.; Verplank, B.; Barbagli, F., Salisbury, K.: Evaluating haptics and 3D stereo displays using Fitts' law. In: HAVE 2004: 3rd International Workshop on Haptic, Audio and Visual Environments and Their Applications, Oct. 2-3, Ottawa, Ontario, Canada, 2004.

[26] Grossman, T.; Balakrishnan, R.: Pointing at trivariate targets in 3D environments. In: CHI 2004: Conference on Human Factors in Computing Systems, April 24-29, Vienna, Austria, 2004.

[27] Goonetilleke, R.S., Hoffmann, E.R., Lau, W.C.: Pistol shooting accuracy as dependent on experience, eyes being opened and available viewing time. In: Applied Ergonomics, Vol. 40, 2008.

[image: image12.emf] 








AR











VR































Shot Count







Count











RTO-MP-HFM-169
6 - 1

6 - 2
RTO-MP-HFM-169

RTO-MP-HFM-169
6 - 3



_1315046434.unknown



_1315046435.unknown



_1315046432.unknown




[image: image1.jpg]



[image: image3.png]



[image: image4.png]



[image: image5.png]







[image: image6.wmf][image: image7.jpg]}
A NATO
\4% OTAN




[image: image8.jpg]



Embedded Training in a Ground Soldier System







[image: image9.png]M [Non-Commercial] - CZMINCS





[image: image10.jpg]



[image: image11.jpg]



Embedded Training in a Ground Soldier System



Embedded Training in a Ground Soldier System


Jean L. Dyer, Ph.D. 


US Army Research Institute Field Unit


PO Box 52086


Ft. Benning, GA 31905-2086


706.545.4513


706.545.4618 fax


jean.dyer@us.army.mil


Abstract


The historical debate, issues, and challenges surrounding embedded training, including a virtual simulation component, in a ground Soldier system are discussed.  First, the history and interpretations of the embedded training concept are outlined.  Second, the evolution of ground Soldier systems, the tasks performed with these systems, and the requirement for embedded training cited in system requirement documents are presented.  The two systems described are the Land Warrior and Future Force Warrior.  The challenges faced in incorporating embedded training in such systems and the potential role of embedded training are then addressed.  In particular, the paper examines which tasks merit incorporating an embedded training component within these systems, as well as lessons learned regarding virtual simulations with these systems.
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1.0 History of Embedded Training


In 1987, the Vice Chief of Staff, Army, and the Undersecretary of the Army issued a policy statement on embedded training (ET) (see Finley, Alderman, Peckham, & Strasel (1988).  The policy required the Army to consider ET: “An embedded training capability will be thoroughly evaluated and considered as the preferred alternative among other approaches to the incorporation of training sub-systems in the development and follow on Product Improvement Programs of all Army materiel system” (p. 21).  The rationale for ET was that “Soldiers and units that deploy to combat with equipment that contain an embedded training capability will possess the tools necessary to sustain proficiency in conjunction with combat operations.  Further, peacetime constraints on individual and collective training caused by time, space and resource shortfall are expected to continue” (p. 21).  

1.1 Definitions of ET


What is embedded training?  Initial definitions were consistent, but over time, the concept expanded.  In the 1987 Army policy guidance, ET was defined as “training that is provided by capabilities designed to be built into or added onto operational systems to enhance and maintain the skill proficiency necessary to operate and maintain that equipment end item” (Finley et al. 1988, p. 21).  The definition was repeated in TRADOC Regulation 350-70 (TRADOC, 2007).  It limited training to the operational system itself, emphasized individual operator and maintainer skills, and focused on enhancing and sustaining skill over providing initial training. 


The 1987 policy statement also stated that ET should not adversely impact the system’s operational capabilities, should be identified early to be included in prototype designs, and could train individual through collective tasks.  That ET should not impact the system’s operational capabilities impacted discussions about the scope and feasibility of ET with Soldier systems. 

The 1987 definition lacked specificity.  An operational definition was proposed in a series of ET reports in 1988 (see Finley, et al., 1988).  The definition was expanded in Strasel, Dyer, Roth, Alderman, and Finley (1988), and repeated in later documents (TRADOC Pam 350-3, 2003; Witmer & Knerr, 1966).  In Strasel et al. (1988), an ET system was “a computer-based system, either integral to or adjunct to the prime system, which, when activated, interrupts or overlays the system’s normal operational mode to enter a training and assessment mode” (p. 6).  ET is enabled on ground Soldier systems as they incorporate a computer and an operational display.

1.1.1 Implications of the ET definition   


Major training capabilities associated with the definition included performance measurement, feedback, and record keeping and management of performance results (Strasel et al., 1988).  Other essentials of a fully functioning ET system were cited.  The ET system would have to generate and feed target or other signals to the system’s displays and indicators.  The input data must be realistic so Soldiers can perceive and react as if the system were in its operational mode.  The ET mode therefore stimulates the prime system.  One form of stimulation could be considered virtual.  The ET system enables Soldiers to execute tasks as they would operationally, but with stimulated input.  Additionally, the ET system would “score” Soldiers and provide performance feedback.


With ground Soldier systems, the ET stimulation enables the Soldier to perform tasks with the prime system’s controls and displays, but it is training software in conjunction with the stimulation that triggers Soldier behaviors and produces the training.  The software stimulating the system is typically the responsibility of software engineers.  However, ET, by definition, must also include a training component, a capability typically designed by individuals with expertise in learning, measurement, and instructional design who must understand what will be effective with the Soldiers.  A team of individuals is required to build a successful ET capability.  


It is also important to establish boundaries for the ET concept.  The definition excludes non-system tasks, simply embedding task information (i.e., a “book in a box”) or memory aids, and performance support measures that “guide” individuals through execution of system tasks (e.g., a help system in a computer software package that can be consulted for information but not performance feedback).  Training instead involves Soldiers performing system-related tasks and receiving performance feedback.

1.1.2 ET role in a training strategy  


ET is only one component in a total system training program.  This point was stressed in the early ET reports.  Most likely ET is a part-task trainer, since critical conditions which trigger behaviors often cannot be replicated and/or some tasks are best trained under other conditions.  Although the emphasis was on sustaining individual skills, it was acknowledged that ET could be used for initial skill acquisition and for collective training.  The recommendation was to determine the exact nature and scope of ET on a case-by-case basis.


In addition, ET decisions should be iterative, as the information on the appropriateness, feasibility, and cost-effectiveness of ET increases throughout the acquisition process (Strasel et al., 1988).  This point is relevant to ground Soldier systems as various prototypes of the system that will eventually be fielded, called the Ground Soldier System (GSS), have been built.  These prototypes include Land Warrior (LW) and Future Force Warrior (FFW).  The Army has had extensive experience with the LW system; it has been a test bed for the GSS; deployed units have used it.  The FFW was the centerpiece of an Advanced Technology Demonstration (2003-2007) that examined technologies for future ground Soldier systems.  Consequently, the primary tasks that Soldiers must perform on these systems are well known as are system computer capabilities, controls, and displays.  


1.2 Types of ET


Witmer and Knerr (1996) specified three types of ET: fully embedded, appended or strap-on, and umbilical.  They differed in the extent to which the ET system is fully contained in the prime system.  Ground Soldier systems are constrained by size, weight, and power (SWAP), which impact the feasible types of ET.

With the fully embedded concept, all training features, except for perhaps easily installed training software, are fully contained in the prime system.  Soldiers go to war with the ET system.  ET meets the reliability, availability and maintainability requirements of the prime system.  This “go to war” feature is critical when considering Solder systems, given the system’s SWAP constraints. 

Appended ET “can be installed on or attached to the prime system when needed and removed when not needed” (Witmer & Knerr, 1996, p. 11).  To be functional, it would likely require some permanent physical components (brackets, sensors) or connection to a spare universal serial bus.  This mode could be used in assembly areas or in forward operating bases, and perhaps as a “go to war” capability.


Umbilical ET is like appended, but involves physical connection(s) to external components, such as a computer, communications systems, or an instructor/operator console.  The ET component allows umbilical forms to interface with system components.  Witmer and Knerr (1996) indicated that umbilical ET may interconnect systems, as in simulated networking for force-on-force training.  However umbilical ET “is not a go-to-war training system.  It cannot train ‘on the move’.” (p. 11).

2.0 Prototypes of the Ground Soldier System


2.1 Land Warrior


The LW system has a wearable computer with special software, a global positioning system which tracks the location of individuals, a helmet-mounted display, and a radio, each linked to a network.  The LW concept and system have evolved.  Since LW’s start in 1993, requirement documents have been updated and different LW systems have been built as technology and user requirements have changed.  The LW operational requirements are similar to those for the GSS (Training and Doctrine Command [TRADOC], 2006, 2009), although the 2006 GSS requirement document added embedded training. 


The LW helmet-mounted display enables the Soldier/leader to see maps, graphic control symbols, messages, his own position and the position of others, digital images, and mission orders.  Users can create, send, and receive messages, orders, and graphics.  Although orders and graphic overlays can be created on individual systems, these mission planning documents are typically created at company or battalion and then downloaded to leaders.  Early versions of LW integrated a weapon subsystem which allowed reduced exposure firing.  Soldiers could fire their weapon via a projected image of a target from a weapon sight to their helmet-mounted display.  The exact LW configuration, weight, and location and size of major components have changed with system evolution.  See Copeland (2007) for a description of one version of the LW.  Figure 1 shows two versions of LW.
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Figure 1.  Two versions of the LW system


The picture on the right is a version of LW which included weapon optics that enabled reduced exposure firing.  The other pictures are of a more current system.  The leader on the left is manipulating the interface with his left (non-firing) hand on the Soldier Control Unit while observing changes in the interface with his helmet mounted display (non-firing eye).  

The two features of the current LW system most well-known and praised by leaders participating in Operation Iraqi Freedom are situation awareness (SA) features (icons indicating leader location in real time) and tactical symbol marking capabilities.  These two features interact, enabling critical situational awareness, clear communication of intent, and quick mission execution.  See the Program Executive Office (PEO) Soldier web site (https://peo.soldier.army.mil/multimedia.asp) for videos entitled “Keep up the Fire” where leaders describe these capabilities.  Currently, only fire team leaders and above have the system, although all Soldiers in a squad had earlier versions of LW. 


Figure 2 shows the main display in one version of LW.  In the center is the map, which can be a digital map or imagery.  Also shown is the chevron depicting the user’s location (the “graphic bearing indicator”), and circular icons indicating the location of other individuals.  The bottom tool bar alerts the user to incoming messages (voice and digital), SA, and battery power.  The top tool bar leads to a library of photographic/digital images (Image tab), to a drop-down menu of major functions from the Menu tab (messages, configure the system, orders, etc.), the grid of the user, and date/time group.  Many functions under the Menu tab can be accessed via other tabs on the screen.  The tool bar immediately below the top tool bar accesses map tools, operational graphic symbols, maps, etc.  The side tool bar enables the leader to tailor map displays.  
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Figure 2.  Main screen in LW interface  


Some functions can be executed in more than way.  For example, you can select a message by going through the Menu and also by clicking on the screen.  A call for medic can also be sent with a Soldier Control Unit button.  

2.2 Future Force Warrior


The FFW program was the U.S. Army’s broad experimental effort examining a wide range of technologies for the ground Soldier.  With FFW, the squad leader had a computer system similar in capability to the LW, although the software interface differed and leaders had varied displays including goggle-mounted.  Some leaders had a fused sensor capability in their helmets.  A unique technology was cooperative engagement allowing the grenadier to fire on unobserved targets.  This non-line-of sight capability enabled a leader to designate a target for the grenadier using a multifunction laser.  The leader transmitted the target location to the grenadier, whose sighting system calculated engagement elevation and azimuth to the target from the grenadier’s position.  The grenadier then oriented the weapon, checked for mask and overhead clearance, and engaged the target.

The FFW team leader’s system was a hand-held personal digital assistant with fewer capabilities than the leader system.  It had situation awareness features, plus basic map, graphic and message tools (see Figure 3). 
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Figure 3.  FFW team leader system – PDA

3.0 ET Requirement for the Ground Soldier System 


Embedded training was a key performance parameter (KPP) in the initial requirement document for the GSS (TRADOC, 2006).  A KPP requirement is one that must be met by specified system milestones.  The ET requirement for the Future Combat Systems (FCS) greatly influenced the GSS ET requirement.  

The ET KPP requirement had multiple components.  The “T” and “O” in the statement below refer to the threshold and objective phases of system development.  The ET KPP was:  “The GSS must support 100% of the top-level ET tasks and over 70% of the second-level tasks (T), all ET tasks (O).  


… must provide a ‘reach back’ capability to retrieve additional training products not hosted by the Soldier system (O).


… must be compatible with current force-on-force tactical engagement simulation systems (T) and future embedded Tactical Engagement Simulation Systems (TESS) (O)


… must facilitate collaborative course of action analysis and wargaming mission rehearsal, and after action reviews (O)” (TRADOC, 2006, p. 11). 


The rationale for the ET KPP stressed the importance of having a readily available training capability to sustain proficiency on complex tasks and perishable skills.  The rationale also stressed embedded live, virtual and constructive training (L-V-C), consistent with FCS.  The L-V-C requirement was not in the ET KPP per se, but was cited as a non-KPP ET requirement.  


As the FFW program focused on integrating technologies into future systems, an ET architecture document (Hall et al., 2005) examined how to achieve the GSS ET requirements.  All the GSS ET requirements were conceptualized as under the “ET umbrella,” even though some did not correspond to the historical definition of ET.  The next section discusses the relationship between the GSS ET requirements and the historical concept of ET which emerged from the FFW ET analysis.  


3.1 ET requirements not involving simulation  


Both the reach back and TESS capabilities cited in the ET KPP do not involve simulation.  TESS is a live-fire capability that facilitates training of collective tasks.  The long-term goals were to have a totally embedded TESS capability rather than a “strap on” version and to enable L-V-C training via the system’s network.  The reach back capability would enable Soldiers, via the network, to access training materials in an external repository.  However, this capability is not ET; no training is involved.  A reach back capability was not developed during the FFW program.  An embedded information capability in the form of memory joggers was developed.  Memory joggers were single screen displays of essential, yet easily forgotten, information critical to small-unit leaders and Soldiers.  Two memory joggers actually incorporated in the FFW systems are in Figure 4.
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Figure 4.  Two memory joggers developed for the FFW leader system


3.2 ET tasks

The first ET KPP statement relates to individual Soldier tasks and requires that ET tasks be identified and separated into higher and lower priority categories.  The phrase “ET tasks” implies that only some Soldier tasks are appropriate for ET.  This part of the KPP is consistent with the historical definition, in that in order to address ET tasks, the system would shift from an operational to a training mode with embedded training exercises stimulating system displays, requiring Soldier actions, and providing performance feedback.  Many exercises would likely involve some form of virtual simulation.  


Although no embedded training exercises were included in the actual FFW systems, examples of what could be done were developed.  Figures 5 and 6 show a simple four-screen individual navigation planning exercise.  A scoring scheme is also illustrated.  
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Figure 5.  First three steps in an example of an embedded training exercise
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Figure 6.  Fourth and last step in an example of an embedded training exercise.


3.3 Leader planning

The last statement in the ET KPP refers to leader tasks and requires leaders to collaborate over the network for planning and mission rehearsal.  It implies that mission data on individual systems would be retained to support after action reviews (AARs).  This statement greatly expands the original concept of ET, and reflects both an operational and a training support requirement.  

When the ET architecture analysis was conducted, the FCS program specified using the newest Army constructive simulation called One Semi-Automated Forces (OneSAF).  OneSAF would enable mission planning and be the semi-automated force engine for virtual collective exercises.  OneSAF was examined in the FFW ET architecture document as a means to conduct course of action analysis during military planning.  In later research with OneSAF, James, Dyer and Wampler (2008) found that OneSAF was not user-friendly for platoon leaders or company commanders in a combat situation.  In addition, the computer requirements for OneSAF far exceed those inherent in a Soldier system.  Yet collaborative planning among leaders is possible by using the operational system’s networked capability to share orders and overlays, without incorporating a training or simulation capability.  

Lastly, a limited, umbilical AAR capability was explored in the FFW program.  A computer received digital data on Soldier locations from each FFW system and then displayed them at mission’s end for examination and review by leaders.  


3.4 Virtual collective capabilities

The FFW ET architecture document also examined virtual training executed in a training facility and in a “stand-alone” mode.  A virtual collective training capability was not executed during the FFW program.  However, two concepts were presented in the ET architecture document.  


One concept examined a fixed facility, such as the Soldier Visualization Stations at Ft. Benning, GA whereby Soldiers wearing a GSS ensemble “would step into” a virtual environment and execute collective tasks (i.e., operate the system as in a live-training environment).  To simplify, this is similar to a TESS exercise in the field, except in a virtual world instead.  This capability would also allow individuals in a virtual environment to connect with leaders training in a constructive environment and with units conducting live-training.  However, it is possible that some GSS capabilities may not be exercised fully or realistically in this virtual environment.  

The other concept was to enable Soldiers to be in a virtual world using a special heads-up display, without a fixed facility.  This technology was explored in the Research Development and Engineering Command’s Advanced Technology Objective for “Embedded Combined Arms Team Training and Mission Rehearsal.”  Two key components were a special heads-up display to present a virtual world to the Soldier and a very powerful wearable computer to generate virtual world displays through gaming engines and similar technologies.  This effort did not incorporate an actual Soldier system. 

3.5 Summary  


The FFW architecture document showed there were only a few GSS ET requirements where virtual simulation was applicable.  One of these was embedded exercises to train the top-level and second-level individual ET tasks.  As part of the FFW program, a rationale to identify these ET task candidates was proposed.  A revised version of the rationale is presented next. 


4.0 Determining the ET Tasks for a Ground Soldier System


4.1 General Approaches for Selecting Candidate Tasks and Skills for ET


How do you decide which tasks and skills are appropriate for ET exercises and justify incorporation in the system design?  Historically, the ET reports and documents posed questions focusing on helping decision-makers make policy and engineering decisions regarding whether and in what form to use ET (Strasel et al., 1988; Witmer & Knerr, 1996).  


However, Strasel et al. (1988) did cite some general guidelines for selecting tasks.  One approach focused on the stimulus characteristics of tasks to determine ET sustainment requirements:  whether battlefield stimuli were needed for sustainment training, the complexity of system tasks and how often they are performed, the extent to which the Soldier must react to multiple controls and stimuli, and the need to track targets.  


Another approach examined the criticality of tasks to mission success and perishability of component skills.  Categories from most to least perishable were:  integrated multiple skill performance, variable or contingency procedures, use of rules or concepts, invariant procedures, basic manipulative skills, and knowledge.  According to Strasel et al. (1988), tasks requiring integrated multiple skill performance are always candidates for ET.  On the other hand, tasks requiring basic manipulative skills or knowledge should be eliminated for sustainment ET, but could be included in ET for initial skill acquisition.


4.2 An Approach for Identifying Ground Soldier System ET Tasks

The proposed ET task rationale for identifying ET tasks per the GSS ET KPP was generated given knowledge of LW and FFW tasks.  Typical tasks required by the LW and FFW systems, primarily LW, are listed below.  

		· Assemble the system



		· Conduct start up and shut down procedures



		· Configure the system (e.g., SA displays, navigation subsystem, alerts, message recipients)



		· Manipulate the map (zoom, rotate, select maps) and use basic map functions (plot and edit symbols, plot a route, measure distance, determine azimuth)



		· Use system controls (e.g., Soldier Control Unit [mouse, push to talk buttons], weapon-related controls)



		· React to alerts



		· Change map display filters or tailor details to depict relevant information (SA icons, overlays)



		· Generate and send digital messages 



		· Use e-mail features



		· Use voice communications capabilities (send/receive messages, establish/change talk groups)



		· Capture, edit and send digital images to include overlays and photos



		· Navigate with system



		· Perform pre-operation checks; operator maintenance; trouble shoot system



		· Conduct mission planning – higher level leaders or selected individuals:  create/modify orders and overlays;  create mission data package



		· Execute weapon-related tasks (assumes integrated weapon subsystem such as daylight video sight, multi-function laser, thermal weapon sight, grenadier non-line-of sight system).





Two major phrases constituted the ET rationale.  The first identified candidate ET tasks.  The second selected the top ET tasks from among the candidate tasks.  The rationale is a funnel approach, starting with all individual system tasks and then eliminating tasks.  Questions in the first phase were based on psychological dimensions (retention, hard to learn/perform) and stimulus/task characteristics.  Questions that identified the top ET tasks were based on military criteria: whether the task contributed to lethality or survivability, and to actions on the objective.  For each question, possible decisions were:

· Eliminate as a candidate for ET – not train or sustain via ET


· 
Retain in the task pool for further consideration


· 
Select as task for ET or top ET

The proposed rationale is in Table 1.  The questions are oriented toward using ET for sustainment, rather than for initial training of skills.

Table 1: Rationale for Identifying Ground Soldier System Tasks to be Sustained via ET 


		

		Question

		Answer, Decision, and Rationale for Decision



		

		Phase IA.  Identify ET Tasks  (Eliminate tasks, none selected)



		1

		Is this task done before the Soldier has turned on the system?

		If  “Yes,” eliminate.  System not on and there is no access to computer capability.



		

		

		If  “No,” retain.



		2

		Is this task done after the Soldier has shut down the system?

		If  “Yes,” eliminate; no access to computer capability.


If  “No,” retain.



		3

		To what extent is this task executed by all users?

		If  “limited number of users” then eliminate; not cost-effective.


If  “almost all users,” retain.



		4

		Is this task done almost every time the Soldier uses the system and is it simple to perform?

		If  “Yes,” eliminate; tasks are done repeatedly and are easy (e.g., log-on, some pre-op checks or default checks).


If  “No,” retain.  



		5

		Does the system provide sufficient cues so the task can be performed with little or no initial instructions?

		If  “Yes,” eliminate; ET not needed for skill sustainment, or extensive training.


If  “No,” retain. 



		

		Phase IB.  Identify ET Tasks (Select specific tasks)



		6

		Is the task critical, but performed infrequently?

		If  “Yes,” select as candidate for ET; will assist in sustaining skills. 


If  “No,” retain.



		7a

		Must the task be done relatively quickly and accurately in most situations?

		If “Yes,” go to Question 7b.


If  “No,” retain; go to Question 8.



		7b

		If “Yes” is it difficult to perform quickly and accurately?

		If  “Yes,” select as candidate for ET; will assist in training and sustaining skills.



		

		

		If  “No,” retain.



		8

		Do the skills that support this task decay rapidly without feedback or practice? 

		If  “Yes,” select as candidate for ET, will assist in training and sustaining skills.


If  “No,” retain.



		9

		Does the task require extensive hands-on practice to maintain skill (e.g., eye-hand body coordination, physical dexterity)?

		If  “No,” retain.


If  “Yes,” select; Must be performed repeatedly, feedback needed.



		10

		Can the conditions under which this task is performed  (body position, combat situation, day/night) be quite varied, and  practice /experience with these different conditions is needed?

		If  “Yes,” select.  Training exercises can simulate different conditions.


If  “No,” retain.



		11

		Are the steps necessary to perform this task likely to be confused with other tasks?

		If  “Yes,” select; ET is a means of reducing interference among tasks.


If  “No” and also “No” to questions 8, 9, 10, and 11, eliminate.  Distinct skill that is not confused with others and does not have other characteristics that justify ET.



		

		Phase IC. Identify ET Tasks (Re-examine all tasks in terms of a domain or cluster of similar tasks and memory jogger option) 



		12

		Considering all eliminated tasks, can any be grouped by domain, where the domain itself warrants ET?

		If  “No,” go to question 13


If  “Yes” select domain vs. individual task.  .



		13

		Considering all selected tasks, can any be grouped by domain, where the domain itself warrants ET?

		If  “No,” go to question 14


If  “Yes,” select domain vs. individual task.



		14

		Are there any tasks for which memory aids should be developed instead of exercises to maintain desired level of proficiency?

		If  “Yes,” consider embedding the information as a memory aid.



		15

		Are there any remaining tasks that should be eliminated? 

		If  “Yes,” eliminate.






		

		Phase II.  Identify Top-Level Tasks  (From tasks selected in Phase I)



		T1

		Does the task contribute to lethality?

		If  “No,” go to Question T2.


If  “Yes,” retain and go to question T3.



		T2

		Does the task contribute to survivability?

		If  “No,” go to Question T3.


If  “Yes,” retain and go to question T3.



		T3

		Does the task contribute to actions on the objective and/or execution of battle drills?

		If  “No,” is not a Top-level ET task.


If  “Yes,” is a Top-level ET task; contributes to battlefield lethality or survivability and is done when in contact with the enemy.  Must be trained and sustained.





4.2.1 Application of the rationale  


Although the rationale in Table 1 has not been validated, how it might be applied is illustrated with some LW tasks.  Tasks such as assemble the system and conduct startup and shut down procedures would be eliminated by Question 1 as there is no computer capability.  Tasks related to configure the system would be eliminated by Question 4.  Map-related tasks such as zoom in/out and rotate can be executed with no to minimal instructions (Question 5), as the tabs for these functions are on the main display and how to access them is clear.  They could be eliminated.

Consider the eight messages that can be generated and sent with LW:  Call for medic (CFM), spot report, call for fire, free text, unexploded ordnance (UXO), tactical symbols, “send IED” (improvised explosive device), and “send SAF” (small arms fire).  In order to make ET decisions for messages, it is necessary to define the scope of the tasks.  Do the message tasks include the e-mail functions on the LW system?  For purposes of discussion, it is assumed message tasks include e-mail functions and the start point is identifying who is to receive the message.  Associated with each system is a set of default recipients tailored to the duty position of the individual and the type of message.  Typically, leaders use the default setting.  In other cases, leaders may elect to change these settings.  This part of the task is done infrequently and might require refresher training (Question 8).  Another point is that the user can access the message menu two ways, and neither means is immediately obvious from the main display.  


The messages fall into three groups.  The CFM, spot report, call for fire, free text, and UXO are common messages for leaders.  There is a limited requirement to train leaders on their purpose and content.  However, the tactical symbols are a new concept.  Leaders must know when and how they can best be used, how to change their color, and how to remove them or modify them during a combat situation.  In the planning phase, placement of the tactical symbols need not be done quickly, but during combat, leaders must execute changes quickly, perhaps under stress.  During combat, if a leader is to move a symbol to a different location, he must relate what he sees and/or hears in his sector of responsibility to the displayed map and then place the symbol appropriately.  The last two messages – “send IED” and “send SAF” – are quick ways of providing information on where an IED or enemy SAF occurred.  It is a simple process; click on the appropriate location on the map and click on “send X.”  The locations of the IED and the SAF are immediately transmitted to others in the unit.  As with tactical symbols, training needs to insure the leader is aware of the environmental cues regarding the location of the IED or SAF and can associate these to the map display so the markings are correct.


When considering each message independently, none may seem to warrant ET.  However, when viewed as a “message domain” (Phase IIC), ET could be considered.  Developing ET for a task domain also makes it easier to design training, to create exercises that motivate individuals, and to include exercises of increasing difficulty and complexity.  If the training is of poor quality, embedded exercises will not be effective nor will they be used.  Figures 5 and 6 correspond to an interactive multi-media training model.  But other approaches could be considered.  For example, one could display a “virtual” vignette on the helmet-mounted display or a linked computer monitor.  At end of the vignette, questions could be posed that require specific Soldier actions with the system, or a replay with a pause capability could be implemented where Soldiers decide which actions to take with the system.  

Although memory aids are not ET, they might be appropriate for some functions (Question 14).  For example, an aid might be helpful in describing the three-letter abbreviations or symbols on tool bars.  It is possible that when the rationale is validated with LW users, memory aids might be a better means of sustaining skills than exercises, and might be more acceptable to Soldiers.

4.2.2 ET in a training strategy  


Although the rationale in Table 1 selects tasks for sustainment training, there is a strong argument for using embedded exercises for initial training.  A recurring difficulty with ground Soldier system training is that the trainer cannot observe what the Soldier/leader is doing while interacting with the system display (Dyer, 2009).  All the trainer can do is turn around the helmet-mounted display and look at the individual’s screen after a task is completed.  The trainer does not know how the task was completed or whether problems occurred.  ET modules could be developed for this initial instruction.  Since ET exercises must be scored and results stored in a data base, a trainer would be able to easily identify problems and provide remediation.  If the primary purpose of ET was for this purpose, the questions in Phase IB of Table 1 should be modified to address initial training as well as sustainment.  Use of ET for initial training would also help address train-up issues associated with personnel turbulence in units.  


When considering ET in a comprehensive training strategy, the system must be available to the Soldier/leader.  If the system is a sensitive item of equipment, then availability becomes an issue. 

4.3 The Potential Role of Virtual Simulation for ET Collective Exercises


ET training exercises for individual skills can involve some aspect of virtual simulation.  However, they are not the L-V-C force-on-force collective exercises that many envision with simulation.  Challenges and limitations associated with virtual simulations for dismounted Soldiers are documented elsewhere.  However, a few examples may help illustrate the issue.  A significant concern is replicating a realistic environment for the small unit and the individual Soldier/leader.  Many cues and signals used by a fire team as it sets to clear a room are tactile.  The four-man stack uses touch, and hand and arm visual signals to provide status, announce the plan, and signal readiness for the blow of the door, entry hole, or grenade.  Soldiers attend to what they hear to locate enemy forces or non-combatants in the target room.  In open terrain, the subtle undulations of the ground or tree spacing looked for by the Soldier about to make the next rush are difficult to replicate.  For small units, mission rehearsal is maneuver on the ground, or as some have said “If you’re not sweating, you’re not rehearsing.”  For the individual Soldier and the small unit, confidence comes from practicing on ground similar to the objective and rehearsing critical tasks over actual times and distances.  


4.3.1 Challenges with ground Soldier systems  


Understanding and acknowledging the human dimension is critical when considering a virtual environment for small-unit operations and Soldiers/leaders.  What virtual training environment is acceptable and will be perceived as beneficial?  These are not trivial questions.  Historically ground Soldier systems have not necessarily been viewed by unit leaders as a battlefield asset (see the PEO Soldier web site [https://peo.soldier.army.mil /multimedia.asp]).  Since Soldiers/leaders prefer live training, an even greater challenge is to develop a virtual training capability that is perceived as value added. 


What features must the virtual world incorporate specifically for ground Soldier systems?  Night scenarios, not day, should be the default condition as night operations are common with ground Soldier systems.  Technology will probably eventually provide an image that realistically replicates what a Soldier/leader sees via night vision goggles as well as enhanced goggles that fuse image intensification and thermal imagery.  However, the night simulation will be partial.  For example, it will not replicate the personal uncertainty associated with night operations and the difficulties in quietly executing rapid unit movements and maneuver.  


Environmental sounds and voice communications over the net are critical to small-unit operations with ground Soldier systems.  Triggers for interacting with the Soldier display (when to check SA, change the display, pull up an image, send a message, locate an IED) are often auditory as well as visual.  Directional sound capability in a virtual environment is necessary.  


To enable the call for medic feature in the LW system, it is necessary to simulate injured Soldiers.  Often in virtual environments the outcomes are dichotomous - killed or not killed.  Injured Soldiers are not depicted. 


Another question concerns how to leverage the combat benefits of ground Soldier systems in a virtual environment. Units equipped with LW have learned they can move faster, have better SA, can make more informed decisions, and can react faster to a threat with these systems.  Can a virtual environment be used to show them what happens when they fail to use these assets?  Can a virtual environment facilitate these skills?


Fully embedded virtual simulations for collective training are probably not possible with ground Soldier systems because of their limited computer power to support most simulations, and cannot address the challenges of simultaneously presenting the real world and the system display to the user.  An appended capability or a fixed facility might be the engineering solution.  However, with respect to an appended ET, the Army’s experience with TESS indicates that logistical issues associated with strap-on training devices reduce the extent to which they are used.


4.3.2 Applications.  


A significant contribution to small-unit proficiency may be derived from virtual environments in the refinement of some team and special skills proficiency training.  The cooperative engagement capability in the FFW illustrates such specific skill training.  During FFW training, the execution times for simulated cooperative engagements with the grenadier were slow.  From target acquisition through approval to delivery, the total time was three minutes, sometimes longer.  The required skills were precise manipulation of a software interface and of the sight and weapon.  These were triggered by various stimuli: an incoming message, a system alert, or visual depiction in the sight subsystem.  However, cooperative engagement had value: increased unit survivability, more enemy casualties, and disruption to the hostile force by a surprise engagement.  With extensive practice, teams cut the engagement times to less than 15 seconds.  


While practice was the key to improvement, it was also resource heavy.  It required the entire team, squad leader, team leader, and the grenadier, as well as, the network, both digital and voice communications.  These same and similar skill sets could be practiced and refined individually in a virtual environment without requiring an active network.  Vignettes, tailored to duty position, could provide the needed stimulus, targets, maps, messages, and sight system graphics.  The necessary skills could be practiced, times recorded, and accuracy proficiencies maintained for evaluation and review.  


Some research has shown that the benefits from Infantry squad virtual exercises are primarily cognitive not greater individual skill proficiency (Pleban, Eakin, Salter & Matthews, 2001).  Leader-focused training in virtual environments may improve leader decision-making skills without involving Soldiers.  For the fire team leader, the young Sergeant transitioning from his duties as a member of the fire team to being the team leader or for the inexperienced platoon leader, the virtual environment provides an ideal setting for development of leadership and decision making skills as well as practical employment of some Soldier system skills.  As indicated previously, leaders can use the inherent operational capabilities of ground Soldier systems to plan a mission.  With a virtual training capability, the initial mission planning could be executed with the operational system, with no ET capabilities needed for this mission phase.  


For ground Soldier systems, virtual collective training environments will most likely be part-task trainers.  The challenge is to fully understand where this technology has the greatest potential to add value. 


Conclusions


Given the current knowledge of and experience with ground Soldier systems, it is possible to systematically identify where embedded virtual simulation training is appropriate and beneficial for individual tasks.  One ET mode is embedded exercises for initial skill and task training, with potential application to skill sustainment.  Embedded exercises could be a very efficient training strategy and also provide challenging hands-on training.  


The proposed ET rationale is a means for identifying individual tasks appropriate for ET.  A similar rationale could be developed to identify collective tasks or aspects of collective tasks appropriate for embedded virtual simulation training.  These two analyses could also determine whether ET provides part-task or whole-task training.  Regardless, the final ET solutions must not adversely impact operational capabilities.  The ET solution must work within the system’s SWAP parameters, not expand them.  Whether ET modules are fully embedded “go to war” solutions or appended solutions depend on such factors.  

Lastly, potential ET virtual solutions should be pilot-tested.  If Soldiers and leaders do not accept them nor perceive training benefits, this needs to be known early.  This input will impact the final training solution and strategy. 
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Soldier receives feedback on such dimensions as:



Accurate menu navigation



Selection of symbols



Selection of point(s) or route segment(s) that place him at risk



Time to complete exercise�



Feedback should include both assessment of system operation & conceptual /decision skills







System in training mode.



Show requirement situation via Soldier display.



Use system controls to activate the appropriate map symbols to insert required symbols.



Exercises would focus on cognitive skills as well as “knobology”.







� EMBED Unknown  ���







System stimulated with this input 







Example Feedback Screen







Menu navigation:



   ( No errors



   ( ___ errors in menu navigation detected.



Description:  �   ( Correct symbol selected



   ( Incorrect symbol selected. 



Point/route selection:



   ( Safe route selected.



   ( Points or route segments in BROWN place movement at risk or require additional movement time/distance.



Time:



    Beginner



( Intermediate



    Expert







Correct selection of menu items permits Soldier to proceed.



Upon selection of the correct button, the system will permit the Soldier to insert his navigation WAYPOINT(S) on his map, creating his navigation solution.







Should the Soldier make an error, a warning prompt lets him try again. {e.g., Think Again!!  You made a wrong selection.}







� EMBED Unknown  ���







System in training mode.







Display permits Soldier to select the appropriate items from his display.







Soldier navigates buttons and menus to select desired map functions.







� EMBED Unknown  ���







Insert task performance requirement on display.







View Map
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ABSTRACT


One of the embedded training goals is to propose a more demanding task generated by a simulation system during a real life routine activity. The systems using virtual reality (VR) can manipulate structural, semantic and localization information and recreate a new environment replicating and/or enhancing the real world context. Then simulation awareness might interfere with perception of reality, especially when body attitude and/or external environment position lead to conflictual inputs. Multisensory space perception studies strongly support the hypothesis of different reference frames for perception and for action as well. We report here experiments examining (i) the effect of structure of the visual field (Bringoux et al., 2009, Perception 38(7) 1053–71), (ii) and dissociation between visual and auditory references (Hartnagel et al., 2007, Perception 36(10) 1487–96) in two research paradigms manipulating different reference frames. Exp 1: A tilted visual frame is known to influence the perception and the restitution of the visual vertical (`rod-and-frame effect' or RFE). The rod-and-frame test (RFT) has been reproduced in an immersive environment (CAVE-like). The RFE observed in this VR environment was qualitatively similar to that obtained with a real visual display but was significantly influenced by the structure of the visual scene and by the adjustment condition (visual control >> visuo-kinaesthetic control). Exp 2: Audio – visual (AV) fusion (i.e. the perception of unity resulting from visual and auditory stimuli under condition of spatial disparity) depends both on the direction and eccentricity of the bimodal stimulus (Godfroy et al., 2003, Perception 32 1233–45) and is assumed to be determined by visual and auditory references (Roumes et al., 2004, Perception 33 Supplement, 142). The contribution of ego- and allocentric-visual cues was further investigated using a fusion task according to 2 gaze positions in total darkness. Results showed that AV fusion in darkness cannot entirely be built on the visual reference and confirmed the hypothesis that the reference frame of the bimodal space is neither head-centred nor eye-centred, but represents rather a compromise. These results are discussed in terms of dynamic combination between coexisting reference frames for spatial orientation and action as it might happen in fully embedded and appended systems.


1.0
INTRODUCTION


Embedded training simulation appears to be the way to maintain and spin out crew's operational capabilities when being abroad and far from training facilities, while facing everyday real life in real mission. These missions being mostly routine situation in a quiet non-hostile environment, they may offer the possibility to inject alternative virtual situation during these usual and scheduled phases. Nevertheless introducing such an additional task during a real mission, especially when in a terrestrial or aerial vehicle, necessitates to closely collect differences between this situation and usual training conditions, and check the influence on actual safety and consequences on training results.


The other issue is also to consider that training is developed and performed in laboratory harmless conditions, and that lab condition still does not perfectly replicate the sensory experience provided by the real world, hence the interest of embedded virtual simulation. 

The systems using virtual reality (VR) can manipulate structural, semantic and localization information and recreate a new environment replicating and/or enhancing the real world context. More widely, “finality of VR is to give possibility to one or several persons of a sensory-motor and cognitive activity in an artificial world, digitally created, may be imaginary, symbolic or a simulation of some aspects of the real world (RW)” (Fuchs et al., 2006). 


So it appears that despite the mixture of VR and RW, sensori-motor and cognitive activity must be efficient considering the training aims, and safe considering actuality.


Then simulation awareness might interfere with perception of reality, especially when body attitude and/or external environment position lead to conflictual inputs. Multisensory space perception studies strongly support the hypothesis of different reference frames for perception and for action as well. Being in a moving vehicle and performing an embedded training session will induce fluctuation of point of interest in space, hence will question this hypothesis. We report here 2 experiments examining (i) the effect of structure of the visual field (Bringoux et al., 2009) in a virtually tilted environment, (ii) and dissociation between visual and auditory references (Hartnagel et al., 2007,) in two research paradigms manipulating different reference frames. 

2.0
Exp 1: reference frames and Subjective Vertical estimate

A tilted visual frame is known to influence the ability to perceive the subjective vertical (SV) without any reference of verticality. A rod that was to be aligned with the gravitational vertical is actually displaced towards the tilted visual environment. Tilted scenes containing objects and also simple frames generate this misperception of the SV. The classical experimental setup devoted to point out and quantify this point is the ‘rod and frame test’ (RFT), which requires SV judgments in front of a visual square frame tilted at different extents (Oltman, 1968). Today, VR displays may be used to present 3D scenes at remote distance. By tilting of these scenes it becomes possible to study combined influence of scene structure and mode of SV adjustment.


Head-mounted displays, although enabling to create 3-D visual information, suffer most of the time from a reduced field of vision and from the residual presence of a head-fixed visual frame which might concurrently influence the perception of verticality (Mars et al., 2004). Projection-based immersive virtual environments with larger fields of vision have been recently developed and used to manipulate and study spatial orientation.

The first aim of the present study was to investigate whether the tilt of a large-scale immersive virtual environment could yield similar effects on the judgment of verticality as the tilt of real visual surroundings. In other words, we addressed the question of comparability of the indicated SV between real and virtual worlds. This first step would allow us to validate the immersive virtual environment as a powerful tool for studying the perceived orientation of objects in structured visual surroundings.


The second aim of the present study was to manipulate the 3-D structure of visual surroundings during SV estimates in order to characterise the implication of geometric and polarised features in vertical shifting.

The third aim was to question the role of the adjustment mode. The classical SV setting, by mean of a rod controlled by a remote system was compared to a visuo-kinesthetic (VK) condition, where the participant was holding a rod in his/her hand and could see it during the task.


2.1
Method

2.1.1 Apparatus


Two distinct setups were used to test RFT on SV. 

-The first one is a replication (figure 1) of the RFT portable apparatus developed by Oltman (1968). It is composed of a box (57 cm deep X 31 cm wide X 31 cm high) made of wooden white surfaces whose inside edges and corners were marked by black painted lines. The interior of the box was illuminated and the entire device could be tilted by the experimenter at different roll orientations. 
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Figure 1: the classical Rod and Frame test (RFT).


A black rod (30 cm long; apparent size: 29.5 deg), fixed to the centre of a black square frame (apparent side size: 30.5 deg), could be independently rotated by the subjects and the experimenter via distinct hand-levers. A protractor, displayed on a disc mounted at the rear of the box and visible only to the experimenter, indicated the deviation of both the frame and the rod from vertical (measurement accuracy: 0.2 deg). Each subject was seated so that his/her face was aligned with the front edge of the box (not seeing the outer environment), and the eye level coincided with the axis of rotation. Subjects were required to keep their heads upright during the adjustment.


-The second setup manipulated in the present experiment is the immersive virtual-reality display (CAVE-like) housed in the Mediterranean Virtual-Reality Centre at Marseilles (France). It is constituted of a 3 m deep X 3 m wide X 4 m high cubic space, with three vertical screens for walls and a horizontal screen for the floor. The three vertical surfaces were back-projected and the ground received direct projection. Stereoscopic separation between left-eye and right-eye images was ensured by colorimetric separation. Filters were installed in the projectors, and subjects were wearing glasses with the same filters for high-quality passive stereopsis. An anti-aliasing mode of projection was used in order to avoid any directional cue mediated by pixel alignment. An ArtTrack© head-tracking system, featuring infrared recognition of passive markers placed on the glasses, was used to record the subject's head position and orientation (accuracy: 0.05°), and to update in real-time the stereoscopic images in relation to the subject's point of view. Subjects were seated in the immersive environment 2 m away from the front wall. Their field of vision was thus entirely stimulated by the visual display (the apparent size of the virtually projected rear frame reached 73 deg). Subjects were randomly presented with three different virtual scenes (figure 2). 
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Figure 2: The 3 types of scenes presented through the CAVE system

Scene 1 typically reproduces the RFT environment (with a much larger scale, however). Observers faced a 3 m X 3 m traditional square frame, being immersed in a tiltable cubic space bounded by contrasted orthogonal lines.


Scene 2 consists of an empty coloured wall-papered room with structured floor and ceiling. Features of the scene essentially reinforces the geometrical cues with increased parallel and orthogonal visual lines.


Scene 3 corresponds to a fully furnished room. Virtual furniture included a red bookshelf, a desk with books and green plants, a halogen lamp, a well-known painting by Cezanne attached to the front wall, and a coffee table with a can of soft drink and an ashtray. These elements, lying at different distances from the subjects, added depth cues to the display and were also assumed to enhance high-level (ie cognitive) polarity cues for up and down (Howard and Childerson, 1994).

SV judgments were assessed in two ways (figure 3). In the first (V mode) SV adjustment mode, subjects were asked to set a virtual rod to vertical by means of a computer mouse controlling its orientation in roll. The very small amplitude of mouse displacements (<1.5 cm) could not yield accurate information about the angular motion of the rod. The projected rod was centred relative to subjects' eye level, at a distance where it could be held with the extended arm.

[image: image3.png]V mode VK mode






Figure 3: The 2 modes of SV judgement in the CAVE system, visual (V) and visuo-kinaesthetic control (VK). Subject is wearing stereo glasses.

Virtual rod features (colour, apparent size, distance to the observer, projected height) were computed on the basis of the characteristics of a real hand-held rod (used for the second adjustment mode visuo-kinaesthetic VK) measured for each subject before starting the experiment. In V mode, the rod orientation was controlled only by visual inputs. In VK mode the subject held a light plastic rod (40 cm long; 1 cm in diameter; weighing 60 g with uniform mass distribution) in the right dominant hand, and to adjust it along the vertical axis with an extended arm. Subjects were instructed to keep the centre of the rod at eye level and to look at it during adjustment. Markers positioned on the rod enabled us to continuously record its orientation via the ArtTrack© system (measurement accuracy: 0.05°), and ensured that the final location of the centre of the rod was kept around the same position across the trials. In VK mode, both visual and kinaesthetic inputs allowed the subjects to control the rod orientation.

2.1.2 Procedure


The experiment was divided into two counterbalanced sessions, corresponding to the two adjustment modes manipulated in the immersive environment. Before the first session, subjects were required to perform SV judgments through the portable RFT. Specifically, they were asked to “align the rod along the gravity axis” by rotating the hand lever. Nine frame tilts (-38°; -28°; -18°; -8°; 0°;+8°;+18°; +28°; +38°, positive to the right) and four initial rod orientations (-45°; -25°; +25°; +45°) were manipulated to define basic individual profiles. Pseudo-random presentations of initial rod positions and frame tilts were counterbalanced in order to cancel any order effect.

2.1.3 Data processing


Final SV adjustments were collected during the RFT and averaged for obtaining mean individual signed deviations relative to the gravitational vertical (constant errors) for each scene tilt. Rod and head location as well as orientation in 3-D were monitored by the tracking system throughout each trial in the immersive environment. Mean signed and unsigned deviations of the rod relative to the gravitational vertical (constant and variable errors, respectively) were processed for characterising SV judgments in the immersive environment. Differences between “raw” SV adjustments were tested by a repeated measures multifactorial analysis of variance (ANOVA) conducted on the mean signed deviations of the rod relative to vertical.

The ANOVA factors were scene tilt (9 levels), visual scene (3 levels) and adjustment mode (2 levels).

2.2
Results

2.2.1. SV in real vs. virtual environment


As illustrated in figure 4, the SV appeared as a sinusoidal function of the scene tilt from -38° to +38° in both the RFT and the immersive environment. This shape is typical of classical RFT SV shift effect reported in the literature. The correlation between the mean data recorded in the RFT and the immersive environment was high and significant.
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Figure 4: Mean SV settings as a function of tilt of the visual scene in real (portable rod-and-frame test, RFT) and the virtual immersive environment. Sinusoidal curve is typical of a classical rod-and- frame effect (RFE). Error bars represent 95% confidence intervals.


2.2.2. SV shift in immersive environment.


In line with the previous results, the ANOVA conducted on the mean signed deviations of the rod relative to vertical revealed a main effect of scene tilt (F8,224 =59,40, p< 0,001). This confirms the SV shift effect in the immersive environment, whatever the experimental condition.


2.2.2.1. Influence on SV shift of the visual scenes in immersive environment.


A significant interaction was found between scene tilt and visual scene (F(16,864) = 4.05; p< .001). It shows that the RFE increased as a function of the structure of the visual scene (figure 5). The RFE magnitude was larger in scene 3 than in scene 2 (p<.001), and was even larger in scene 2 than in scene 1 (p<.001).
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Figure 5: Mean signed (a) and unsigned (b) SV deviation as a function of tilt and structure of the visual scene. The more structured the scene, the greater the rod-and-frame effect.

2.2.2.2. Influence on SV shift of the adjustment mode.


A significant interaction was also found between scene tilt and adjustment mode when comparing the mean signed deviations of the rod relative to vertical (F8,224=12,75, p< 0.001). SV deviation was greater for adjustments performed in V mode than in VK mode (figure 6).
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Figure 6: Mean signed (a) and unsigned (b) SV deviation as a function of tilt and adjustment mode. Deviation appears greater when assessed under visual control (V mode), to visuo-kinaesthetic control (VK mode). This effect is even more apparent on mean unsigned deviations of the rod relative to vertical (F1,28=20.48 p < 0:001

2.2
Discussion

Tilting of a scene is known to induce a shift towards the tilt side of the subjective judgment of the vertical. It can be shown and quantified by the RFT test, which is a real almost wood-made small sized device used since 40 to 60 years. This effect is maximal between 18° and 28 °tilt. This experiment validates the possibility to transfer this effect from a small sized RFT to a wide immersive virtual CAVE, as SV deviation appears similar when CAVE scene is poorly structured. The second point is the fact that SV is highly influenced by enrichment of the surroundings; the more the scene is structured, the more SV may be deviated. The third point is that SV deviation in VK mode is smaller than in V mode. 


As an applied consequence of these observations in the purpose of this meeting, we may argue that the visual surrounds may influence vertical perception, which is one of the main features used to pilot vehicles, especially airplanes. Of course, the classical concern about misperception of vertical (and hence horizontal) is sensory illusion, followed by erroneous flight control, which can be avoided by autopilot using and/or following strict instrument flying rules. Sensory illusion may be generated by a short time movement (e.g. head movement during a turn) or constructed along several minutes (e.g. leans effect, Gillingham and Wolfe, 1986) that are recovered through training. Introducing an additional cognitive task including presentation of strongly structured visual information may induce an additional level of reference shift. As in our results, it appears that VK mode is less influenced than V mode, it should be of interest to preserve during an embedded training session an actual motor tasks of the crew, in order to keep an active reorientation responsibility. For safety, this is to be separated from the flying task, which should remain devoted to an autopilot or to others crewmembers.


SV determination is proposed to emerge from contribution of different reference frames (RF), defined as a system of coordinates, set of axes used to code and update position and orientation in space. Usually referred are the geocentric RF (direction of gravity, vestibular input), egocentric RF (body axis, proprioceptive input) and allocentric RF (surroundings, visual input). None of those is fully responsible for the present results and a combination may be inferred. The resulting RF should be the weighted sum of the different RF. This weighting should be dynamically performed at high central nervous system (CNS) level, and includes a multisensory integration as described in posture control (Oie et al., 2002), which also refers to vertical information. These authors expressed the weighting process being intra-modal (surroundings motion amplitude on vision, touch motion amplitude on touch) and inter-modal (touch on vision). Although our experiment differs as subjects were immobile in a stationary environment, description of “in-line” control of RF weighting process with the reinforcement of the allocentric weight when scene structure is reinforced should be similar. A relation to neurophysiological supports related to different RFs (Commitieri et al., 2004) give support to the understanding how final result is obtained, and explained how geo and ego-centric RF, that need to be updated frequently, may be exceeded by allocentric RF, that describes relationship between objects in space. This should be a way to shift from piloting to navigation. Introducing an additional task in embedded training must be done considering preservation of this feature, i.e. preservation of the allocentric RF once constituted.


Dynamically updated information from the surroundings is obvious during piloting, and even more if an additional cognitive task is added. To facilitate information capture or increase information rate one option is to propose multimodal coherent information in order to reinforce the intelligibility and simplicity of presentation (Cornell et al., 2002). Co-presentation of spatialized auditory and visual stimulation is likely. This presentation may constitute an additional layer of RF to those already used and weighted for self orientation in space. The following second experiment will address theses RF.

3.0
Exp 2: Audio-Visual Fusion and gaze direction

Perception of the world is basically multisensory, consisting of a unified perception of the various unimodal inputs each being fitted with a particular frame of reference for position in space. When combining visual and auditory cues in space, the brain can tolerate a certain amount of spatial disparity between unimodal parts of the stimulus but recognizes both stimulations as coming from same location in space. This phenomenon is called `perceptual fusion' and is usually investigated through the ventriloquism effect (Jack and Thurlow 1973), in which the perception of the spatial location of a sound is biased in the direction of a visual stimulus (Bertelson and Radeau 1981). 


Audio-visual (AV) fusion has been investigated by Godfroy et al. (2003) to evaluate the perception of unity of spatially disparate stimuli in a frontal 2 dimensional frame. They showed that AV fusion capability varied with the horizontal eccentricity of the bimodal stimulus. They determined fusion areas for a set of loudspeakers spread over the frontal visual field by estimating the spatial extent over which a luminous spot could be displayed and still be perceived as confused with the sound in over 50% of the trials. The smallest fusion areas were encountered in the median saggittal plane (MSP), and AV fusion areas were found to be symmetrical in relation to that plane (figure 7).
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Figure 7: Visual-Auditory fusion areas (from Godfroy et al., 2003): 

These variations in fusion areas over space followed closely the spatial resolution of the auditory system (Oldfield and Parker 1984). It was postulated that auditory accuracy plays a major role in AV fusion magnitude.

As vision information is initially coded at a retinal level, and thus depends on the eye position, the visual reference frame is considered eye-centred. For audition, spatial information estimation depends mainly on interaural time differences (ITDs), interaural level differences (ILDs) for azimuth, and on spectral cues for elevation (Blauert 1983). These cues vary with head position; therefore, the auditory reference frame is considered head-centred. 

In Godfroy et al. (2003) experiment, the participants performed the AV fusion task looking straight-ahead; so both reference frames (eye and head) were aligned. The arising question: does gaze direction affect AV fusion in space? Roumes et al. (2004) previously reported effects of gaze direction on audio-visual spatial integration (gaze and head aligned or 20° shifted apart). In their experiment AV fusion areas vary with gaze position (i.e. gaze shift alters fusion areas in azimuth). As an explanation the reference frame of AV fusion is neither head-centred (auditory) nor eye-centred (visual) but appears to be an average between the two reference frames. The experiment reported here is a replication of this experiment, but in total darkness, in order to avoid the possible frame effect linked to the edge of the projection area. The aim was to determine whether AV fusion depends only on the relationship between unimodal egocentric reference frames and does not depend on any peripheral allocentric frame.


3.1
Methods

3.1.1 Apparatus 


The subject was positioned at the axis of symmetry of an acoustically transparent, hemicylindrical screen, 120 cm in radius and 145 cm in height. The subject's head was stabilised by a custom bite-bar with the eyes at mid-height of the screen. The head and body were rotated 10° left of the screen axis of symmetry to increase the space of investigation when the fixation spot was presented 20° to the right. No alternative right-orientation shift was tested because no laterality effect had been found in the previous luminous experiment (Roumes et al 2004). Gaze orientation was monitored with an ASL 504 (50 Hz) eye-tracker located 45 cm in front of the subject at a level lower than the investigated field of view to prevent any visual masking. To eliminate allocentric cues, the experimental room was in total darkness, and noise level was reduced as much as possible (<39 dBA).

A fixation spot was provided by a laser beams (=635 nm (red), <1 mW), displayed either straight-ahead or 20° laterally shifted to the right. The bite-bar controlled the head position (i.e. the auditory (A) RF) and the eye-tracker measured the eye position (i.e. the visual (V) RF). A gaze-fixation angular error smaller than 1.66° during a random time varying inside 300 to 700 ms interval was conditional on stimulus presentation. This test controlled initial spatial relationship of A and V RFs at the bimodal stimulus onset.

3.1.2 Stimulus 


The bimodal stimulus consisted of a 49 dBA broadband pink noise presented for 500 ms (with 20 ms onset and offset ramps) in synchrony with a V spot (1°Ø, 3 cd.m-2 luminance). Angular vertical and horizontal separation control was the purpose of the experiment.

The A part of the bimodal stimulus was delivered by one of the 19 loudspeakers (LS) (Fostex FE103, 10 cm Ø) located behind the screen, oriented toward the subject's head (figure 8). The V part of the bimodal stimulus was provided by a laser beam (=532 nm (green), <3 mW). Mirrors movements and laser on-off were noiseless to the subject. 
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Figure 8: Experimental setup. In total darkness, the subject faced the LS 10° to the left of the symmetrical axis of the apparatus, the head was maintained with a bite-bar, and the gaze was monitored with an eye-tracker. A red fixation point was displayed either straight-ahead or 20° laterally shifted to his/her right. The auditory part of the bimodal stimulus could be produced by one of the 19 LS placed behind the screen in synchrony with a 1° green laser beam. 61 positions of the spot of light were tested for each of the 7 LS at eye level and 9 positions for the remaining LS.

3.1.3. Procedure


The experiment was divided into two counterbalanced modes, corresponding to the two visual fixation modes, corresponding to RF aligned or dissociated, randomly presented in the same experimental session. Subjects were not aware of the following aspects of the procedure. At eye level, AV disparities on ±20° azimuth by 2.5° steps were tested; at ±10° and ±20° elevation levels 5° steps were tested. On each LS located at eye level, 5° steps were tested from -30 to +30° vertical.


All bimodal combinations were repeated 5 times so that each subject responded to 5350 trials, i.e. [LSs at eye level (7) X spot position (61) + LSs above and under eye level (9) X spot position (12)] X reference-frames condition (2) X repetition (5).

3.1.4. Task


The subject had to judge the perception of unity resulting from the bimodal stimulus using a joystick. When the spot and the pink noise were perceived as coming from a unique and common location in space, “fusion” response was selected by pulling the joystick. Otherwise the “no fusion”' response was selected by pushing the joystick. Considering the precautions taken to check eye position, stimulus presentation was gaze-dependent. A trial took about 3 s to complete.

3.1.5 Analysis


A rate of fusion was derived for each disparity tested. Then, fusion limit was estimated with a probit analysis, from the 50% “fusion” response rate. For each of the seven loudspeakers at eye level, 12 limits were estimated, 10 in azimuth (5 on the left and 5 on the right) and 2 in elevation. For the other twelve LSs, only 2 limits in azimuth were calculated. These limits allowed definition of the so-called “fusion area” for each location of a loudspeaker. Statistical analysis was performed on fusion limits for each subject in the two experimental conditions tested (RF aligned or dissociated). 

3.2
Results


Only fusion data obtained at eye level will be presented here. Fusion areas were anisotropic as fusion limits in elevation were larger than those in azimuth. The fusion limits in azimuth varied with horizontal eccentricity of the LSs for each condition (figures 9a and 9b). The narrowest fusion areas for the RF-aligned condition were for LSs positioned straight-ahead (6.911°, SD=4.125°) and the fusion limits in azimuth increased with eccentricity of the LSs from the straight-ahead location (figure 9a). In the RF-dissociated condition, the narrowest fusion areas were for LSs positioned between straight-ahead and the fixation point (8.020°, SD. 4.641°) and the fusion limits in azimuth increased with horizontal eccentricity from this intermediate point (figure 9b).

[image: image9.emf]

Figure 9: Fusion areas pooled across subjects for all loudspeakers in the aligned-RF condition (a), and in the dissociated-RF condition (b).
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Figure 10: (a) Fusion limits in azimuth when the reference frames are aligned or dissociated for LSs at eye level. (b) Fusion limits in azimuth for LS at eye level, when the dissociated fusion limits values were displaced 10° to the left (*=p<0.001, **=p<0.01, ***=p<0.03).


An ANOVA on fusion limits in azimuth was conducted with horizontal eccentricity of the LSs and RF condition as the 2 within-subjects factors. Statistical analysis showed no significant difference between the two RF conditions (F1,1302=1,056, p=0.3). However, AV fusion limits in azimuth varied with the horizontal eccentricity of the LSs (F6,1302=19.155, p<0.0001). This variation along the frontal visual field appeared laterally deviated in the direction of gaze shift in the RF-dissociated condition. This effect is confirmed by the significant interaction between RF conditions and horizontal eccentricity (F6,1302=4.77, p<0.0001). Differences between the two RF conditions were significant for 4 paired eccentricities out of the 7 tested (figure 10a). When the curves for the RF dissociated condition were 10° left-shifted (e.g. data from LS at -30° of eccentricity in the RF-aligned condition were compared with data from LSs at -20° of eccentricity in the RF-dissociated condition), the matching of the data sets was highly improved and only one comparison was still significant out of six (figure 10b).

3.3
Discussion


The current experiment shows that even though AV fusion closely follows the properties of audition over space, it also depends on the relative position of both unimodal sensory captors. This latter effect is mainly due to egocentric cues as it remains effective in darkness without any visual allocentric biases. In the aligned RF condition, the narrowest fusion areas were in the straight ahead position. Fusion limits in azimuth increased with lateral eccentricity; and fusion areas were symmetrical in relation the straight ahead direction. With these three characteristics, the head-centred RF hypothesis for AV fusion is supported. This result is consistent with a previous experiment in which subjects fixated straight-ahead in congruence with the allocentric visual cues (Godfroy et al 2003). However, it differs from previous results from an experiment conducted in light where fusion areas exhibit a slight asymmetry (Roumes et al 2004). As seen in exp 1, peripheral visual cues influence judgment. Sheth and Shimojo (2004) argued for the domination of the extrinsic frame of reference in the representation of space. They hypothesised a single undissociated spatial map. Following this assumption, peripheral visual cues provided by the visual display in a luminous environment (Roumes et al 2004) may account for the asymmetry of the AV fusion areas relative to the subject straight ahead direction, despite the alignment of the visual and the auditory reference frames. The boundaries of the luminous display may have altered AV fusion over space by providing an allocentric RF. 


In total darkness, introducing the dissociated RF condition without allocentric visual information again reveals fusion areas vary with the eccentricity of the LS. But this variation significantly differs from the aligned-RF condition. The narrowest fusion areas in the azimuth dimension are those from the LS located between straight-ahead and the gaze position (i.e. the vertical axis including 0° in azimuth in the apparatus). These latter fusion areas are the most intrinsically symmetrical ones; and all other fusion areas are symmetrically organised on both sides. These results are in line with previous data collected in a luminous asymmetrical-background setup (Roumes et al 2004), where allocentric visual cues may have emphasised the symmetrical axis of the visual display. As the same gaze-shift effect was found in the current experiment in darkness, the previous gaze-shift effect can be assumed to be an effect of the egocentric reference frames dissociation. Nevertheless, the overall symmetry of AV fusion areas over space is not entirely determined by gaze position as it only shifts by half the magnitude of the misalignment of the V and A RFs. So, the RF for fusion space can be considered neither eye-centred nor head-centred, but rather as resulting from contributions from both egocentric reference frames. These behavioural data point to a equally weighted dual contribution of unimodal reference frames to AV fusion space in a simple task. The arising question is evolution of this weighting in more demanding tasks.

4. DISCUSSION CONCLUSION 


The results of these two experiments made in lab conditions may be taken into consideration in most of embedded training situation whatever the type of vehicles used (airplanes, land vehicles or even vessels). The main problem is about space perception, peculiarly position of body and/or vehicle in space. Perception of body or vehicle in space is well studied in flight because its implication with safety. For this reason we focus discussion on flight situation.


In real flight conditions, systems have been developed to help crew and avoid sensory illusions and decrease basic piloting workload, thus turning the crew into a system manager and most of time a supervisor. In these conditions, pilot have to trust information display more than body sensation. Fully embedded training introduces new deals. To be efficient, Virtual Simulation is supposed to be close to reality, but results of the first experiment showed that the more the details are presented, the more the SV judgment is influenced. This SV judgment ability is on the edge of safety in airplane flying, introducing new incongruent virtual stimulations may produce additional mental load and may be a new source of motion sickness. Moreover possible presentation of fictitious information may induce a blur in the rigid belief into instrument information and create a gap in safety. 


Results showed also that the V response condition is more influenced by the tilted frame than the VK response. This result support the hypothesis proposed by Bridgeman (1997) about the dissociation between cognitive and motor spaces. In the virtual embedded environment, operator will have to react in a Visual Virtual world unmatched with reality; in that condition it can be supposed that cognitive space will be asked. Then, subjective vertical will probably be influenced during the embedded training.


Using Audio is supposed to facilitate information processing by reducing workload and improving perception. Vision and audition are the main sources of the allocentric RF for CNS. Experiment 2 suggests that the frame of reference for AV fusion results from a construction, a combination of different sensory information. Taking into account previous results (Roumes et al., 2004) it has been supposed that the structured visual environment is responsible of a slight asymmetry in the results. Even if it would be the case, this influence is very weak, the main point is that multisensory space is not organize on visual space only (cf. gaze position). Dealing with different sensory modalities, the CNS combines different spaces without giving advantage to vision. Taking this assumption it might be possible that conflict between senses may be caused by embedded training.


Altogether, that means that until more experiment will be proceed on the problem of dealing with unmatched realities (Virtual, Augmented Reality) it seems to be worth to advocate that the operator involved into an embedded training session should not be in responsibility of flight safety procedure and decision.
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Abstract


For our purposes, machine perception is defined as the ability of a computer-based training system to sense the behavior and affective state (e.g. mood or emotions) of trainees and interpret whether they are engaged, bored, frustrated, confused or even hostile during the training process.  This paper puts forward the notion that the maturation of machine perception of trainee affect is critically important to optimizing learning for individuals and teams in embedded virtual simulations and other isolated training environments.  Embedded training applications within operational platforms (e.g. tanks, aircraft, ships and individual Warfighting systems) continue to be explored today in many NATO countries (e.g. United States, Germany and the Netherlands).  The lack of human tutors within operational platforms limits the understanding of each trainee’s affective state and the completeness of the trainee model, the representation of the trainee’s state within intelligent tutoring systems.  Tutor technology is currently not sufficiently mature to provide accurate, portable, affordable, passive and effective sensing and interpretation of the trainee’s affective state and limits the adaptability and effectiveness of the instruction in today’s embedded training systems.  This paper rationalizes the need for machine perception of affect in future embedded virtual simulations.

1.0 Introduction


Warfighters are exposed to artificial intelligence (AI) through computer-based tutors, virtual characters in games and other simulations, and expert decision support tools in their training environments today.  This paper puts forward the notion that machine perception of affect will be a vitally important AI capability to support isolated, distributed training within operational systems also known as embedded training.  Machine perception of affect in an intelligent tutoring context is the ability of computers to sense and interpret images, sounds and behaviors to determine which actions to take or strategies to employ to optimize the learning and performance of trainees.


As noted in Figure 1, instruction can be provided via human or intelligent tutoring systems (computer or machine-based systems).  Intelligent tutoring systems support one-to-one training experiences, have limited capability to support one-to-many (collective) training and will be critical in the future to support embedded training applications within operational platforms (e.g. tanks, aircraft, ships and individual Warfighting systems) in NATO countries.  
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Figure 1: Conceptual Tutoring Model


The value of one-on-one tutoring vice group tutoring (i.e. traditional classroom teaching) has been documented among students who work one-to-one with expert human tutors and often score 2.0 standard deviations higher than students in a conventional classroom (Bloom, 1984).  


A model of intelligent tutoring system interactions is shown in Figure 2.  For the purposes of this paper, we will concentrate on machine perception of affect and its relationship to the trainee model (also referred to as the student or user model) and the pedagogical module. 
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Figure 2: Intelligent Tutoring System Model (Beck, Stern and Haugsjaa, 1996)


The trainee model has generally been a record of the trainee’s knowledge and performance history.  It stores information specific to each individual learner including a history of performance and other pertinent data.  This could include affective state information (i.e. personality, mood or emotions).  The trainee model also records observable actions and may infer non-observable states (i.e confusion, boredom or other emotions).  “Since the purpose of the student model is to provide data for the pedagogical module of the system, all of the information gathered should be able to be used by the tutor [pedagogical module].” (Beck, Stern and Haugsjaa, 1996)


The pedagogical module provides a model of the instruction process and contains logic for making decisions about when to review information, when to present new topics or concepts, and what instructional strategies to use.  The sequencing of topics is controlled by the pedagogical module.  Once the topic has been selected, a problem must be generated for the trainee to solve and then feedback is provided on the trainee’s performance. As noted above, the trainee model is used as input to this component, so the pedagogical decisions should reflect the differing needs of each trainee (Beck, 1996).

Today, intelligent tutors focus primarily on trainee performance and their progress relative to training objectives.  They tend to ignore other factors which might influence learning and performance outcomes.  In general, computer-based training provides every trainee the same instruction regardless of their experience, competency level or state (e.g. cognitive, physical, affective state).  The few embedded training environments that exist lack the human tutoring support that is typically part of instruction at military training centers.  


Future embedded training systems should evolve to include intelligent tutors that will develop and maintain a complex trainee model that includes the real-time assessment of the trainee’s state and other underlying influencers of performance.  Each trainee will receive a tailored experience from an adaptive, computer-based intelligent tutor.  The maturity of adaptive intelligent tutoring technology will be critical in providing training experiences that are comparable to human tutoring.  


With improved machine perception, future intelligent tutoring systems within embedded training systems will be able to assess the trainee’s affective state and adapt instruction to maintain the trainee’s focus or overcome barriers unique to each individual Warfighter.  This paper rationalizes the need for additional research in machine perception of affect for future embedded virtual simulations.


2.0 Rationale for Enhanced Machine Perception of Affect


Both the U.S. Army and Air Force have recently focused on requirements for “adaptive/tailored training, innovative learning models, strategies or tools” and “precision learning”.  “Precision learning delivers the appropriate education, training, or experience at the right time and place, in the right format, to generate the right effect. Precision learning relies on customized learning, mass collaboration, push and pull learning systems, distributed learning opportunities, increased use of simulated and virtual technology, and enhanced use of visualization technologies. It focuses learning on the learner” (Air Education & Training Command, 2008).  


However, intelligent tutors within embedded training systems today have very limited or no ability to: 


· evaluate the learner’s cognitive/social/physical needs and adapt instruction to meet those needs and mitigate learning risks (e.g. boredom or confusion) (Sottilare & Proctor, 2009)


· perceive/predict the learner’s affective state (e.g. mood or emotional) (Picard, 2006)

· adapt strategies and feedback to build rapport (trust) between learners and virtual tutors (Kang, Gratch & Wang, 2008) 


One of the major limiting factors of intelligent tutoring systems is that they have yet to match the perceptiveness of human tutors.  Intelligent tutors will eventually have the potential to post similar results to human tutors when they have the same capabilities to perceive the behaviors and state (e.g. cognitive, physical, emotional state) of their trainees to determine whether they are engaged, bored, frustrated, confused or even hostile during the training process.  Why is this important?


Linnenbrink and Pintrich (2002) found that many trainees experience some confusion when confronted with information that does not fit their current knowledge base, but those in a generally positive affective state will adapt their known concepts to assimilate the new information.  Trainees in a generally negative affective state will usually reject this new information.  This infers the need for tutors (human or otherwise) to be able to perceive and address the affective state of the trainee and adapt instruction to optimize the assimilation of new information and enhance performance.


Improving machine perception will provide additional information for the trainee model within intelligent tutoring systems and enhanced trainee models will increase the probability of the intelligent tutor making more appropriate instructional strategy decisions for each individual trainee.  To highlight current capabilities, a comparison of selected machine perception for tutoring research is explored in the next section.

3.0 Comparing Current Methods of Machine Perception for Tutoring


Given the large scale on which embedded training may be applied in military systems, machine perception methods should be accurate, portable, affordable, passive and effective:


· accurate: correctly senses images, distances, movements and other behaviors and precisely interprets their meaning


· portable: easily integrates into the operational equipment with minimal impact on weight and power


· affordable: inexpensive to acquire, integrate, use and maintain on a large scale


· passive: does not interfere or detract from the learning process; unobtrusive


· effective: enhances trainee models and selects appropriate instructional strategies that optimize learning and skill development


Below are three selected examples of recent machine perception methods, and their strengths and limitations relative to the established criteria.


Yun, Shastri, Pavlidis and Deng (2009) demonstrated passive sensing and interpretation of thermal images to estimate user stress.  They altered the difficulty levels of game play for users based on singular input from StressCam, which monitors heat dissipation through a thermal imaging-based camera and analysis system.  Since stress levels are related with increased blood flow in the forehead and higher blood flow equates to more heat, StressCam can passively and continuously sense and interpret thermal images as stress and frustration level.  


One limitation of this technology is the narrow focus on frustration while other emotions are not interpreted.  Another is that the cause of increased stress/frustration is unknown using this method.  Yet another is the portability of this system, which is questionable at best as part of a man-worn system based on its weight and power requirements, but may be satisfactory for vehicle-based systems.  System cost may be an issue now, but expect the cost of thermal imaging camera to decrease over the next five years.  Finally, the focus of the StressCam experiment was to manipulate the difficulty level of the game to increase/reduce stress and no evidence was provided regarding the use of this technology as a tool for determining instructional strategies (e.g. challenging, supporting or pumping).


Neji and Ben Ammar (2007) investigated an intelligent tutoring system that included an embodied conversational agent.  In addition to the two-way conversational input and output, the agent behavior was informed about the emotional state of the trainee through a machine vision system.  The machine vision system perceived changes in facial expressions of the trainee and based on distances between facial landmarks classified the expression as one of six universal emotional states (joy, sadness, anger, fear, disgust and surprise) or a neutral expression.  Emotional state was then used in the ITS to determine which tutoring strategy (e.g. sympathizing or non-sympathizing feedback, motivation, explanation, steering).  The internal state of the agent is based on the PECS (Physical conditions, Emotional state, Cognitive capabilities and Social status) architecture proposed by Schmidt (2000). 

 A significant drawback to Neji and Ben Ammar’s  (2007) “Affective e-Learning Framework” is the cost of the vision system which limits its deployability to operational systems for embedded training.  While their approach provides key components (emotional sensing and perception, selection of instructional strategies and interactions based on learner emotional state and the PECS architecture) for an adaptable tutoring system, it does not assess: whether the intelligent tutor’s perception of the affective state of the learner aids the intelligent tutor in selecting appropriate instructional strategies that result in enhanced learning outcomes or performance; the influence of other affective variables (e.g. mood components like pleasure and arousal) have on learner outcomes or how these affective variables might influence each other.

Finally, D’Mello, Craig , Sullins and Graesser (2006) and D’Mello and Graesser (2007) used frequent conversation patterns to predict affective states when trainees emote aloud.  Frequent conversation patterns significantly predicted trainees’ affective states (i.e. confusion, eureka, frustration) and provided feedback, pumps, hints and assertions to influence the trainee’s progress.  The primary drawback to this approach was the requirement for trainees to “emote aloud” which has some of same drawbacks as other self-report methods and may be incompatible with trainees with lower openness scores in personality assessments like the Big Five Personality Test.  Another drawback was the low participant throughput for the experiment based on the labor intensive nature of the data collection and analysis.  Given the variability among trainees and the associated time to baseline each trainee, this method is unsuitable as is for embedded training applications.


Other methods explored (Zhou and Conati, 2003; Zimmermann, Guttormsen, Danuser and Gomez, 2003; Burleson and Picard, 2004) have similar limitations relative to the criteria noted above.


4.0 Toward Machine Perception of Affect in Embedded Training


The methods of machine perception selected for evaluation in this paper were based on single mode, passive physiological measures.  The primary advantages of passive physiological methods are that the technology is not invasive and therefore does not detract from the learning process; and the attention of the trainee is not drawn to what the intelligent tutoring system is trying to measure.  The disadvantages of passive physiological methods are the time and difficulty to setup sensors for measurement; and the analysis and interpretation of physiological data is often difficult given the variability of individual trainees.  


McIntyre and Göcke (2007) have advocated a multimodal approach to reduce the uncertainty associated with physiological measurements.  They have also identified two major problems to be overcome in developing a multimodal computer system capable of sensing the affective state of a trainee:


· lack of an ontology to describe affective states


· failure to incorporate individual nuances resulting in an oversimplified picture of affective expression

A multimodal approach could provide tailored training, but there are drawbacks per Bjork (2006) in having the tutor (human or computer-based) take too active a role in guiding training.  Bjork (2006) suggests that consideration should be given to balance near-term objectives (performance and learning) and longer term objectives (retention and transfer) by offering sufficient challenges so that training experiences will have lasting effect.

Given the strengths and limitations of current machine perception technology, and considerations for learning, performance and retention, questions will need to be resolved to realize a fully autonomous embedded training capability.  What barriers need to be overcome and what capabilities are required to realize machine perception of affect in future embedded training systems?   Below are some suggested capabilities to realize machine perception of affect for embedded training systems in the future:


· Ontology: an ontology specific to machine perception of affect which defines affective states and describes distinguishing factors between each


· Personalized Sensors: unobtrusive, multimodal sensors tailored to each individual with sufficient historical data to accurately classify (with > 99% probability) the trainee’s affective state 


· Personalized Strategies: instructional strategies tailored to each individual with sufficient historical data to accurately classify the appropriate intervention to mitigate the risk of negative predictions of performance or to maintain positive predictions of performance; strategies should be scenario independent and balance near (performance and learning) and long term objectives (retention and transfer)


· Independent Measures: establish the weights of independent sensing modes


· Real-time or Near Real-time Strategies: instructional strategies fed by continuous updates to the affective trainee model to support learning objectives


· Embedded Capabilities: weight, power and size tailored to support individual and platform-based embedded training; most challenging design for individual Soldiers/Marines 


5.0 Conclusions and Recommendations for Future Research


Many of the limitations noted for intelligent tutoring systems and machine perception are not unique to embedded training, but are exacerbated by the challenging environments in which embedded training takes place: in vehicles, ships, aircraft and on individual Soldiers/Marines.  The current state-of-the-art in machine perception has limitations, but also significant potential on which to build future capabilities.  


Machine perception will be key in expanding the dimensions of the trainee model to include affect will provide additional information from which to make decisions on instructional content, coaching strategies and feedback to the trainee as shown in Figure 3.
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Figure 3: Machine-based one-to-one tutoring


Three areas of machine perception research are recommended to expand embedded training capabilities: 


· Sensors: research to improve the reliability and accuracy of multimodal, passive sensor suites for individual and collective embedded training


· Predictive Models: research to improve the accuracy of predictive models across populations, training missions and scenarios to select instructional strategies that are optimized for learning, retention, transfer and performance for individuals and teams in embedded training environments


· Building Trust: research to use data from the affective trainee model to shape the behavior of virtual human tutors in embedded training environments to build/maintain trust/rapport between the tutor and the trainee
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Abstract


The advancing state of the art in virtual and constructive computer based tools provides an opportunity to construct increasingly engaging embedded training. However, even with the benefits of training conducted while immersed in the operating environment and coupled with advanced simulation technology, if the key ingredient of tailored performance feedback is absent then learning outcomes may still be limited. This amounts to one of the central challenges for embedded training, where the goal is to deliver instructional benefits in a setting where the availability of human instructors is limited or none. Within such a framework, structured training methods provide a means to achieve learning objectives and concept retention, with minimal instructor involvement. Intelligent structured training applies real-time automated evaluation and feedback methods based on Intelligent Tutoring System (ITS) techniques. This paper reviews two case studies of embedded training prototypes developed for the U.S. Army which employ structured training methods to optimize learning without direct instructor involvement. These prototypes include a man-wearable trainer for dismounted operations, and a robotic vehicle control station trainer. This paper also summarizes results from selected preliminary experiments which give indicators for the promise of the structured training approach in the embedded setting, particularly with respect to acquisition of procedural knowledge. Experimental results also highlight areas of friction where technology obstacles in the embedded setting make some task areas more “trainable” than others. Finally, this paper gives an overview of potential directions for enhancing ITS approaches with future embedded training development efforts.


Keywords: embedded training, intelligent tutoring, automated assessment, distributed learning


1.0 Introduction


The advancing state of the art in virtual and constructive computer based tools provides an opportunity to construct increasingly engaging embedded training. However, even with the benefits of training conducted while immersed in the operating environment and coupled with advanced simulation technology, if the key ingredient of tailored performance feedback is absent then learning outcomes may still be limited. In traditional training settings, human instructors can naturally provide immediate or post-exercise feedback that allows the training audience to understand and learn from their mistakes. Often instructors can also control exercise flow to regulate difficulty levels in tune with the performance of the training participants, to avoid situations of either overwhelming or underwhelming demands that lead to negative training. While these benefits are well documented, this amounts to one of the central challenges for embedded training, where the goal is to approximate the same benefits in a setting where the availability of human instructors is limited or none. Within such a framework, structured training methods provide a means to achieve learning objectives and concept retention, with minimal instructor involvement. Intelligent structured training applies real-time automated evaluation and feedback methods based on Intelligent Tutoring System (ITS) techniques. 


This paper reviews two case studies of embedded training prototypes developed for the U.S. Army which employ structured training methods to optimize learning without direct instructor involvement. These prototypes include a man-wearable trainer for dismounted operations, and a robotic vehicle control station trainer. A common theme from the implementation of these prototypes is the need for data exceeding that which is typically available from standard simulation data protocols. Where training objectives include the assessment of trainee decision-making factors, it becomes necessary for evaluation mechanisms to be able to analyze not only the simulation outcomes from trainee actions, but also what specific steps the trainee took in the operating environment which led to those outcomes. Frequently this represents an additional category of human interface data that is not preserved in the simulation data stream. This paper also summarizes results from selected preliminary experiments which give indicators for the promise of the structured training approach in the embedded setting, particularly with respect to acquisition of procedural knowledge. Experimental results also highlight areas of friction where technology obstacles in the embedded setting make some task areas more “trainable” than others. This paper is organized into the following sections:


· Introduction to a state-based approach for implementing automated evaluations


· Review of the Virtual Warrior ITS project, and learner reaction feedback collected in initial experiments


· Review of the Command and Control Vehicle ITS project, followed by experimental results to measure learning


· Summary of potential directions for enhancing ITS approaches with future embedded training development efforts


2.0 Automated Evaluation Methodology

The goal for automated evaluation in embedded training is to collect data in real-time from learner interactions with the system, and draw conclusions indexed to specific learning objectives in a manner consistent with how human instructors would perform the same task. As a baseline capability, this can be used to stimulate learning activities, from practice events with real-time coaching, to exercises with after action review. Particularly with free-play virtual environments, it is important to constrain the development task for constructing an evaluation approach. Attempts to model all possible variations of correct performance can be prohibitive in free-play scenarios, and so for such conditions this has led to a state-based approach for identifying training points aligned with learning objectives.


With this approach for embedded training applications involving free action in complex, dynamic scenarios, automated evaluation mechanisms are implemented as Behavior Transition Networks (BTNs), an extension of a Finite State Machine (FSM) approach suited to the complexity of the operational domain. Evaluation BTNs are indexed to relevant principles through a scenario definition interface. This is a generalizable task, which can easily be delegated to an instructor or subject matter expert for training systems with a plurality of exercise scenarios. Thus, when the exercise is executed in the simulation, each evaluation BTN for each principle relevant to the scenario is activated. 


The use of BTNs represents a number of enhancements to the traditional FSM model. In particular, the evaluation machines are composed using an authoring and execution tool called SimBionic (Fu, Houlette, Jensen, & Bascara, 2003). SimBionic provides a visual toolset for defining simulation behaviors, with support for multiple chained conditions between states, local and global variables, and the organization of different BTNs in a hierarchically nested structure. This tool can be used to control the behavior of simulation entities, or in instructional applications, to specify the behavior of instructional agents running as virtual entities within a simulation. The run-time engine for these BTNs interprets all active behaviors in parallel and invokes actions and predicates implemented within the application as specified by each behavior. A behavior may be composed of actions, conditions, connectors, and other behaviors. Actions are functions that are invoked to carry out activities, such as sending a message; these often correspond to functionality provided in the API of a given simulation or other environment with which the behaviors are integrated. Conditions perform checks, typically whether an entity is in a specified state, invoking predicates to determine state information from the simulation or testbed. Predicates are functions that return values representing the state information of an entity. Connectors connect actions, conditions and behaviors to specify their relative order of execution.


These BTNs form the structure for defining and executing automated evaluations that monitor states and performance in a virtual training environment. For each simulation entity, a corresponding monitoring entity can be created, which invokes specified evaluation behaviors to be controlled by the behavior execution run-time engine. The notion of underlying forms of knowledge or skills has a counterpart in a hierarchy of principles defined for the domain by the scenario author. In run-time, individual BTNs may perform evaluation functions for either single or multiple principles, depending on whether efficiencies of scale can be realized in terms of data analysis. For example, in a case where two tactical principles would be evaluated via analysis of the same set of source data, then both can be implemented together in the same BTN, even if it produces different conclusions with respect to the different principles in different execution states.


With the BTN-based approach for implementing automated evaluation measures, these evaluations function like instructional agents, identifying conditions that are instructionally significant. For some tactical training domains, there is also value in presenting adaptive opposing forces which can analyze the tactical situation and modify their behavior and tactics accordingly. Particularly in exercises against simulated asymmetric threats, this can help prepare warfighters for the kinds of adaptations that occur on the battlefield. The same kind of agent-based structure described here for instructional evaluations can also be used for adaptive behavior models (Ludwig, Jensen, Proctor, Patrick & Wong, 2008). As a result, triggers from the instructional logic in evaluation BTNs can be used to initiate OPFOR responses to certain conditions or simulation states. When supported by the virtual environment, this can add an extra dimension of realism with the instructional agent BTNs not only monitoring performance, but also directing the behavior of virtual entities through BTNs interfacing with simulation models.

3.0 Dismounted Virtual Warrior ITS


Concepts for dismounted embedded training make use of technology advances in helmet-mounted displays, man-wearable computers, and other immersive hardware which can interoperate with operational devices such as handheld Command and Control (C2) systems. Within such a framework, structured training methods provide a means to achieve learning objectives and concept retention, with minimal instructor involvement. The Army Research Development and Engineering Command (RDECOM) Simulation and Training Technology Center (STTC) sponsored a prototype effort to integrate technologies and draw insights about the potential for intelligent tutoring with dismounted operations. First, the effort identified the nature of the data that an integrated structured trainer consumes in order to generate useful real-time feedback for dismounted Soldiers. These data include not only state information direct from the simulation, but also data reflecting Soldier actions in the primary interface and secondary C2 interfaces. Data categories can be generalized and catalogued for future related training efforts. Constructing an operational prototype also afforded an opportunity to collect user feedback in experiments with human participants, providing several indicators for the areas of greatest fit or friction between the dismounted training objectives and a structured training approach. 


3.1 Dismounted Player Unit Testbed


The Virtual Warrior system (shown in Figure 1) is a prototype embedded trainer which incorporates movement tracking sensors with six degrees of freedom, independently tracking the head, leg, torso, and weapon. These sensors are integrated into the hardware and software interfaces.
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Figure 1. Virtual Warrior Prototype


Soldiers experience the virtual environment visually with the use of a helmet mounted display (HMD) which uses the existing bracket used for night vision goggles. Stereo sound is also provided through speakers that have been adapted to the helmet. There are two physical controllers used with the VW; the Weapon User Interface (WUI), and the Soldier Control Unit Interface (SCUI)  The WUI is essentially a joystick that allows the user to move forward, backwards, left, right, and toggle through certain tasks such as bore sighting and marking cleared rooms. The SCUI allows the user to view the situational awareness screen, send digital messages, use mouse controls, change posture, and reset the system.

A specially implemented message box was developed as a popup that can appear in the 3D view when the integrated Intelligent Structured Trainer detected conditions meriting immediate feedback. Figure 2 shows a typical view with the popup window present.
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Figure 2. Testbed 3D View with Feedback Popup


Although the architecture could support multiple players, scenarios were designed to operate with one human Soldier and SAF behaviors for the other team members. The design of the experimental scenarios with the VW player unit also incorporated the use of the C2 Mobile Intelligent Net-centric Computing System (C2MINCS) into the testbed architecture. This is a dismounted mobile computing platform to provide Soldiers network centric C2 connectivity and situational awareness. Specifically for these scenarios C2MINCS was used to send a variety of pre-formatted tactical reports, including spot reports, position reports, and target handoff reports.


3.2 Data Collection Requirements

A common thread in training applications with automated evaluation goals, and particularly in ITS systems, is the need to capture as much data as possible to correctly interpret the decision-making of the trainees. Frequently the cognitive skills required for military operations fall into two categories: conceptual knowledge and procedural knowledge. Conceptual knowledge includes general tactical principles and underlying purposes which provide a framework for applying procedural knowledge. For example, conceptual knowledge includes understanding the tactical principles of clearing a building, and the purposes for tasks like submitting reports. Procedural knowledge is the understanding of the specific sequence of subtasks, such as the proper position within a formation in movement. The major categories of data collection requirements for the implementation of automated evaluations for these forms of knowledge in this domain included:


· Simulation entity state data (e.g., position, orientation, posture, head orientation)


· Operator inputs (e.g., reports sent, vehicle mount/dismount actions, use of controls)


· Line-of-sight data (e.g., calculations for pairs of positions)


· Terrain feature data (e.g., coordinates that lie inside buildings)


This data is consumed in evaluation mechanisms defined in a BTN format described earlier. For a simple example of the data required by a specific evaluation principle, consider the task of evaluating for a designated team member maintaining proper position within a fire team formation during movement. Figure 3 below shows a proper wedge formation for a four person fire team. 
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Figure 3. 4-person Fireteam Wedge Formation


For illustration, this example describes a simplified tiered logic that evaluates team member R for proper execution during free-play execution. In the first tier, the evaluation must know when it applies, or more specifically, when the fire team intends to be moving in wedge formation. There are many ways to establish this, but a simple method is to simply annotate the terrain. The second tier of the evaluation involves a simple check for relative distance between R and G, without any concern for the positions of other team members, as shown in Figure 4.
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Figure 4. Distance Evaluation

If R is greater than 10m from G, in any direction, then error conditions have been met, and the evaluation triggers a feedback. In Figure 4, R is out of position, being too far from G. However, if this test is passed, then the third tier of the logic is queued. On the assumption that R is within the proper distance radius of G, the next step is to check if R is in the proper section of that radius (area A in Figure 5).
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Figure 5. Distance and Position Evaluation

Area A is defined by taking the heading from G to TL, and calculating the space of a pie wedge created by an offset on either side of that heading. In the figure above, R is in a position that would satisfy the second tier test (position within the 10m radius), but fail the third tier test (position outside of area A).

This example contains several simplifications from real-world tactical concepts, and also depends on a specific artifact of how this evaluation would be used in training – namely that the position of G relative to the team leader TL will always be correct because all other entities are controlled by SAF. However, it is useful for illustrating two things. First, data requirements can be simplified with respect to operational definitions based on tactics, techniques and procedures, when the range of use cases establishes constraints that reduce the space of possible interpretations. In the above example, it’s not necessary to get an explicit datum for the direction of movement, because this is derived from the SAF positions and movement. Second, the tiered implementation is useful not only for simplifying processing (i.e., when the second tier test is failed, it’s not necessary to perform the third tier test), but also for identifying nuances of the conditions in which feedback conditions occurred. Although the same operational principle is violated with a failure of either the second or third tier tests, by distinguishing the conditions in the BTN implementation it becomes possible to generate different (and therefore more informative) feedback content in the two cases. Finally, once the BTN for such a principle is implemented, it can be easily parameterized and abstracted for rapid instantiation in any scenario requiring the same evaluation capability, assuming the same constraints apply. 


3.3 User Feedback

A key goal for the research effort was to collect feedback from test participants using the VW testbed with the integrated Intelligent Structured Trainer. An experiment was conducted with a specific scenario and set of learning objectives, and used as a basis on which to elicit feedback on usability, suitability, and effectiveness.


The training tasks are primarily individual tasks which the Soldier must accomplish for the collective task to be successful. The dismounted Intelligent Structured Training system evaluates three primary individual tasks. Soldiers must be able to:


· Move as a member of a fire team

· Send reports as appropriate


· Perform movement techniques during the collective task of entering and clearing rooms. 

Each of these tasks involves subtasks to be executed at different times and locations in the virtual scenario. For the collective task, the trainer prompts the Soldier on his individual actions within the task. The standards for the task Move as a member of a fire team include the evaluated individual observing the proper sector of fire during movement, position in the formation, dispersion in the formation, and maintaining contact with the fire team leader. All of these sub-tasks are critical components to successful completion of the larger task. 


Figure 6 shows example feedback for sending an observation report at the proper time, determined from the fact that the enemy vehicle is within the field of view, and therefore the corresponding report should have been sent.
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Figure 6. Trainer Feedback for Sending an Observation Report

For the experiments conducted, all test participants held an Infantry Military Occupational Specialty, with previous training in the tasks involved in the scenario. The intent of the assessment of the structured training was to determine if the translation of task standards from the appropriate doctrinal material to the software implementation was a realistic interpretation of the published standard. The data gathered from the participants provides their assessment of the instructional aid to evaluate the performance of the task. The tasks or subtasks that were rated the most favorably were the subtasks of Enter and Clear a Room, specifically Maintaining Sector of Fire in the Room and Maintaining Muzzle Awareness. 

The lowest rated tasks were Enter and Clear a Room and Move as a Member of a Fire Team. All of the tasks with lowest ratings were tasks that required the subject to operate in conjunction with Semi-Automated Forces (SAF) entities to meet the required standard. SAF forces in the OTB simulation can be difficult to work with, and the majority of the Soldiers voiced displeasure with trying to accomplish their mission with the SAF entities. Representative comments about the difficulty of working with the SAF follow: 

· “The SAF move too fast in the scenario. I have little time to report before I get left behind.”


· “There is no way for me to communicate with the SAF”


· “The SAF behavior is erratic, they are not consistent from iteration to iteration”

· “The SAF do not follow a logical movement pattern to the target building.”  


A common challenge with virtual dismounted training is that existing SAF capabilities may be insufficient to support the operational complexity required in a training exercise. The prominence of user feedback on topics rooted in SAF-related performance also highlights the manner in which such issues can interfere with the primary training objectives.

During the scenario development stage, some realism was compromised to achieve a minimally smooth level of interaction between SAF entities and live players. Most of the participants were wary of using the technology of the system to accomplish their training goals versus using the tried and true live training methods. Most stated that the technology needed to grow, and they would like to have interacted with live players in their team. More recent efforts with more advanced simulations or game engines have the potential to fill this technology gap, in terms of the realism of the environment, and the behaviors of non player entities.

With regard to the usability of the player unit, the majority of the system was rated favorably. Locomotion was the top ranked choice for needed modification. This modification would be the most difficult issue to implement, while still meeting the requirements of an embedded training system. Any device used for locomotion must be small and require minimal accessories to use. The Army has a vision for embedded devices to be used as mission planning and rehearsal tools for combat operations. If the devices associated with the dismounted systems interfere with a unit’s ability to carry the required tools for combat, those devices will not be deployed with the unit.

4.0 Command and Control Vehicle ITS 


The Army Research, Development & Engineering Command (RDECOM) Simulation & Training Technology Center (STTC) sponsored the development of an integrated architecture linking intelligent evaluation mechanisms with their Command and Control Vehicle (C2V) testbed. This testbed is based on likely embedded virtual simulation common components like OneSAF. In the prototype trainer, automated evaluation methods are applied to monitor simulation and testbed events, and deliver feedback during scenario execution via messages published to the simulation environment. The logic for these intelligent evaluations is captured in hierarchical agent behaviors, and indexed to training principles identified by subject matter experts. In a series of experiments, the improvement in performance over time among test subjects receiving automated feedback was contrasted with subjects receiving other forms of instruction such as an instructor-led after action review. 

4.1 Overview of Domain and Application


The Soldier manning a Command and Control Vehicle (C2V) crewstation must remotely control robotic platforms to perform reconnaissance and engage the enemy. The operator must maintain situational awareness and apply tactical decision-making principles in a heightened information-rich setting with distributed vehicles and sensors under his command. The increased flexibility allows him multiple ways to detect, track, and identify targets. The following figures show some of the primary screens in the Soldier interface in the C2V crewstation.
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Figure 7. Unmanned Ground Vehicle (UGV) Gunner Sensor View. This is one of two 3D visualization screens the operator can use in controlling the UGV remotely.
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Figure 8. C2V Robotic Asset Mission Status Tool. This tool is one of the primary control interfaces, where different assets are managed and controlled.
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Figure 9. Operational Control Unit (OCU). The OCU provides a 2D view where the operator can create points and routes which will be assigned to vehicles in the simulation.


The ITS technology applied for this project centers around automated evaluation and feedback on operator performance. Example feedback is shown in the following screen from the crewstation.
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Figure 10. Immediate Directive Feedback Presented in the Visualization Screen


The automated evaluation mechanisms have the capability to provide feedback either as Immediate Directive Feedback (IDF) in real-time, or as delayed feedback to be incorporated with After Action Review (AAR). With practice in a simulated crewstation environment, students can open a scenario, go through an exercise, and receive customized feedback on their application of the concept of operations. The desired outcome was the training of the robotics operator of the Company Level C2V within a Combined Arms Unit of Action (UA). This was a subordinate task embedded within the larger task of training of the C2V crew, with a focus on the robotics operator. Therefore, the primary intended audience for training is the Robotics officer in his interaction with the company Executive Officer (XO), as well as the Driver and Vehicle Commander, whose secondary duties include the operation of robotic vehicles within the company.


A subject matter expert conducted a task decomposition to identify tasks and actions that other crew members were required to perform to support the Robotics Operator, and additional conditions for the execution of the training scenario. For example, once a target was detected, the Robotics officer was required to select an engagement type, generally consisting of a subset of tasks within the Cooperative Engagement technique. Permission to engage targets would generally flow from the Commanding Officer to the XO. Requests for engagement authority and permission to engage were simplified into a single action, Call for Fire, and automatically handled within the simulation, which accommodates individual training in the embedded setting. 

In order to appropriately evaluate for operator performance during an exercise, the training system requires two primary sets of data. First, real-time information about the state of the simulated exercise is necessary in order to assess the conditions under which the student performs different actions. Data in this category includes information about vehicle locations, headings, control status and sensor input, as well as the outcomes of contact with enemy forces. Outcomes can provide useful feedback to the student as to the appropriateness of decisions during an exercise. However, simulation outcomes are not always relevant to student feedback, as a free-play simulation allows for a degree of flexibility where negative outcomes may occur even if the student has performed well on all or most all the relevant principles. The second category of data involves the student’s activities within the software and user interfaces. This second category is particularly helpful in diagnosing mistakes that the student has made, since it reveals useful information about the student’s intentions.

4.2 Experimental Design

Test subjects were given a combination of human tutored and computer aided instructions while occupying the Robotics NCO crew station in a C2V Testbed simulator. This experiment required test subjects to learn both Procedural and Conceptual Knowledge tasks in order to accomplish a tactical mission. Procedural Knowledge tasks included the control of unmanned robotic assets in a virtual environment and learning the correct procedures for conducting: reconnaissance, surveillance and target acquisition tasks, two target engagement techniques, and submitting situation reports. Conceptual Knowledge tasks included learning a defined set of the tactical principles associated with the planning and execution of a tactical reconnaissance mission and their associated supporting tasks. Test Subjects were given a timed tactical scenario which required them to perform a reconnaissance mission in order to demonstrate proficiency in the application of both Procedural and Conceptual Knowledge.

Test subjects were randomly assigned to one of two feedback condition groups: Immediate Directive Feedback (IDF) only and AAR Only (Delayed Feedback). In the Intelligent Structured Trainer developed for this experiment, every action performed by test subjects within the scenario is evaluated to determine if it is the correct response to the current situation. If the response is incorrect, immediate feedback is provided in the form of an error message provided to the test subject. No immediate feedback was provided for following correct procedures. The three types of immediate feedback included: 


· Battlefield heuristic feedback – “Conduct a sensor scan before beginning movement”


· Error detection and directive feedback –  “Submit a report anytime there is a change to the tactical situation”


· Directive feedback – “You have failed to correctly submit a SITREP. The correct procedure is…” 


· Immediate Directive Feedback prompts were triggered either when a test subject conducted a procedure incorrectly, or failed to take an appropriate action after receiving an error prompt.


Human tutoring on both Procedural Knowledge and Conceptual Knowledge used open-ended prompts during the AAR to elicit elaboration and self-explanation from the trainees, focused on answering three top level questions: What happened; Why it happened; and How to fix it. It is during the review of tactical principles and the “How to fix it” portion of the AAR that the tutor focuses on Conceptual Knowledge. Conceptual Knowledge includes general tactical principles and definitions of concepts which provide a framework for Procedural Knowledge. For example, Conceptual Knowledge includes understanding the tactical principles of reconnaissance, the various methods for engaging a target, and the purpose for submitting reports; Procedural Knowledge is the understanding of the correct sequence of steps to actually engage a target.


During the AAR, test subjects were required to review concepts and procedures and were then given open-ended, content-neutral prompts to elicit elaboration and feedback. For example, one measure of Conceptual Knowledge required the test subject to define the term “Cooperative Engagement” and give an example. As part of the AAR, the test subject reviewed the definition of Cooperative Engagement and was asked the following questions: 


· “Can you explain this concept in simple terms?”


· “Can you give an example?”


· “When have you done something like this?”


If, in answering these questions, the test subject provided an incorrect answer, the tutor identified the answer as incorrect and asked the test subject to try again.


All test subjects were administered an un-timed paper and pencil pre-test to establish a baseline of subject knowledge. Each training trial began with a review of the procedures and training tasks to be accomplished during the training exercise. After this review, each test subject executed a 30 minute timed training scenario that measured their ability to correctly apply these concepts and conduct these procedures in a manned simulator. At the end of each training trial, the test subjects assigned to the IDF Only feedback condition group conducted a self-paced review of the concepts and procedures and completed a subject knowledge test. The IDF Only feedback condition group received no delayed feedback in the form of an AAR. Test subjects assigned to the AAR Only feedback condition group received a human facilitated AAR and then completed a subject knowledge test.


During phase two, a randomly assigned, un-timed subject knowledge paper and pencil test was administered to measure retention of knowledge. Test subjects were then given a transfer task which was identical to the previously learned concepts about the task, Conduct a Route Reconnaissance, and included the same goal, constraints and options for completing the tasks, but the terrain was different than the terrain used during the training tasks. Test subjects had to plan a route on a paper map and identify concepts and procedures when answering questions about the task. Test subjects then re-occupied the C2V simulator and executed the transfer task on a provided scenario.


4.3 Experimental Results

The overall results of the experiment support the hypothesis that the timing and type of feedback received during training does effect the acquisition, retention and transfer of both Procedural and Conceptual Knowledge. Significant differences did exist in individual measures, suggesting that immediate directive feedback has a significant effect in reducing the number of errors committed while acquiring new procedural skills during training as well as retention of these procedural skills. Also, delayed feedback, in the form of an AAR which includes open-ended prompts to foster elaboration, has a significant effect on the acquisition, retention and transfer of higher order Conceptual and Procedural Knowledge about a task.


The results of this experiment show that the timing of feedback, immediate and delayed, and the type of feedback, directive and explanatory, has an impact on the acquisition, retention and transfer of knowledge. Immediate feedback to correct detected errors promoted skill acquisition, retention and transfer for procedures. Providing feedback on procedures, whether immediate or delayed, resulted in improvement, as shown in Table 1. 

		Table 1. 


Retention Scores for Procedural Knowledge Following Feedback  



		Feedback Condition

		Mean

		SD



		IDF Only

		3.72

		.92



		AAR Only

		3.80

		1.21





However, providing Immediate Directive Feedback significantly reduced the amount of procedural errors committed during training, versus Delayed Feedback, as shown in Table 2. 


		Table 2. 


Procedural Errors Following Feedback



		Feedback Condition

		Mean

		SD



		IDF Only

		28.22

		19.50



		AAR Only

		42.08

		24.59





An analysis of variance (ANOVA) was performed on the data, following the practice of using a combination of between-subjects and within-subjects variables. For this analysis, the between-subjects factor is Feedback Conditions (IDF Only and AAR Only), and the within-subjects factor is Training Trials. The results of the ANOVA found a significant main effect for Feedback Conditions (F(1,18) = 5.87), and Training Trials (F(2,24) = 13.05), with a p < .05. The ANOVA results tell us that there are significant differences in the number of IDF prompts triggered by each test subject and that these differences are explained by both the number of Training Trials (learning occurring over time) and by Feedback Condition, IDF Only and AAR Only. The significantly lower number of error prompts triggered during the execution of the training and transfer scenarios demonstrates that the IDF Only Feedback Condition had a significant effect on the acquisition and transfer of the performance of procedures. This supports earlier studies on the benefits of immediate and directive feedback (Anderson, Corbett, Koedinger, & Pelletier, 1995; Buzhardt and Semb, 2002; Dihoff, Brosvic, Epstein, & Cook, 2004; Guthrie, 1971; Kulik and Kulik, 1998).


Delayed feedback, like that used in the AAR Only Feedback Condition group, promoted retention of new Conceptual Knowledge better than the IDF Only condition, as shown in Table 3. 

		Table 3. 


Retention Scores for Conceptual Knowledge Following Feedback 



		Feedback Condition

		Mean

		SD



		IDF Only

		3.10

		2.03



		AAR Only

		5.60

		2.12





Providing feedback on performance, whether immediate or delayed, directive or explanatory, resulted in improvements in the acquisition, retention and transfer of knowledge. These results should prove useful in the pursuit of future embedded training strategies.

5.0 Future Applications

5.1 Distributed Learning Interoperability


Distributed learning initiatives share a common goal with embedded training, in the aim of delivering training in a variety of settings where it can be of greatest benefit to warfighters. However, advanced forms of training with virtual environments and self-contained intelligent tutoring technologies have traditionally not been available in distributed learning curricula. This has largely been due to the limitations of browser based delivery methods with models such as SCORM (Sharable Content Object Reference Model). More recently, emerging concepts in the distributed learning community provide mechanisms that can be used to construct interoperability with such trainers. Notionally, a SCORM course could incorporate training events on a variety of available platforms, such as an embedded training system or an immersive virtual system at a training facility, which can exercise equivalent learning objectives. 


Subsequent to the development of the C2V ITS described earlier, the Joint Advanced Distributed Learning Co-Lab sponsored a prototype effort to construct a mechanism for SCORM interoperability with this same trainer. As a standalone trainer, the C2V testbed cannot be integrated with a browser based learning environment in the traditional manner. Therefore this required the construction of an interoperable architecture, including a mechanism to configure and launch training events based on the instructional sequencing inputs from a SCORM course, while aiming to provide a simple transition for the learner. Performance results compiled automatically and internally in the C2V ITS, are represented in a format that can then be relayed to populate SCORM learner profiles at exercise conclusion. This lays the groundwork for incorporating embedded training events into the experiential component of a distributed learning curriculum, for a wide range of training systems.


5.2 Stryker Vehicle Embedded Training


While embedded training is a key transformational requirement for many current and future ground combat vehicle developments, only one fielded embedded training capability exists in today’s Army on the family of Stryker ground combat vehicles. This capability was initially an embedded virtual gunnery simulation for the Stryker Remote Weapon System. To extend the utilization of embedded training in the Stryker vehicle requires the expansion of the current capabilities, including feedback and coaching with emphasis on guided practice and reduced coaching. These are essential to moving the Stryker operator from a novice to an expert level of performance on the vehicle. Coaching with on-demand or intelligent tutoring recommendations for corrective or alternative actions supports deeper understanding and better leader decisions in the framework of established doctrine and tactics. These capabilities are being designed into the training management system (TMS) for Stryker embedded training. The TMS will be an integrated compilation of solutions that includes a content authoring system, a learning management system capability, and a performance evaluation tool. This compilation of solutions provides for a flexible and scalable solution for improvement of Stryker embedded training, and is the motivation for a current effort applying and extending ITS methods discussed in this paper. The need to provide IDF and AAR feedback to Stryker operators, with appropriate content, format, and timing, is a current research focus for the vehicle embedded training program.


5.3 Areas of Potential Further Enhancement


In the process of implementing ITS methods with embedded training applications, a number of focus areas were identified for potential work expanding on initial findings.


· Develop automated exercise pre-brief or post-brief capabilities to explain the Conceptual Knowledge points within an exercise, to amplify the benefits of immediate feedback for Conceptual Knowledge.


· Automate the AAR protocol to remove humans completely from the feedback process. Include support for trainee self-elaboration during the AAR.


· Abstract principle application conditions, so that evaluations can be applied to different scenarios with minimal adaptation.


· Construct scenario authoring tools to accelerate the development of scenarios that operate as intended on a chosen training environment. Authoring tools can particularly help with the instantiation of evaluation mechanisms with the parameters for a scenario.

· Experiment with alternative or enhanced modes of feedback during exercises.


· Develop enhanced methods for defining and controlling complex OPFOR behavior in scenarios, and coordinate these with instructional evaluation logic.


· Develop capabilities to adjust difficulty levels, either before execution or dynamically during execution in response to the actions of the operator. Ideally, this can be effected through adaptive behaviors controlling non-player entities, and triggered by instructional agents.

Other Intelligent Tutoring System concepts can also be brought to bear, such as student modeling and instructional planning. By combining the performance evaluations across scenarios with information about what knowledge and skills were required for correct performance, an ITS can estimate the mastery of a trainee in each skill and knowledge component. This information can be used to automatically select scenarios that force the trainees to practice the skills and knowledge in which they are the weakest until a specified level of mastery is reached. Scenarios can also be selected to make sure each skill and knowledge component is tested a specified minimum number of times. Additional remedial exercises can be added for trainees who are experiencing continued difficulty in specific areas.
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Abstract


Embedded virtual simulation, employed in many NATO training communities, is a key to addressing urgent training needs in areas that stretch the capabilities offered by conventional simulation techniques. Of particular relevance to NATO are training needs such communication and tactical team coordination. This paper will summarize some needs in training and mission planning that remain unmet, discuss the reasons why and propose some specific approaches that extend the reach of simulation in directions that directly address these gaps. We focus on communication and tactical team training. We will show specific examples of our approaches that are solving tangible training and rehearsal problems among NATO constituencies and discuss how this approach can be broadly applied across a spectrum of training settings.


1.0 Introduction/relevance to the Workshop


Replicating unfamiliar areas of operation in a synthetic environment can expose NATO forces to a spectrum of tactical possibilities they may encounter in-theater. The use of simulation in training, mission planning and rehearsal is a long-accepted practice, but when forces deploy with little notice, or to locales with insufficient technology infrastructure, the benefits of virtual simulation remain beyond reach. Embedded virtual simulation can help mitigate these challenges faced by NATO forces when rapidly deploying to new locations, by providing training, mission planning and rehearsal capabilities along with the digital systems employed operationally.


Some skills have been overlooked in embedded simulation, namely, communication and team coordination. Such skills are gaining increasing importance, as forces are more multinational and as missions are increasingly conducted against an asymmetric adversary and complicated by proximity to and political reliance on non-combatants. This training gap is due largely to the complex and highly verbal interactions needed to incorporate spoken dialogue into synthetic environments. Nonetheless, this very human dimension remains a critical part of realistic training, planning and rehearsal. In this paper we report on work to embed speech-interactive synthetic agents into purpose-built training, mission planning and rehearsal systems.


2.0 RATIONALE


The most widely-practiced method for training effective coordination and communication is in the course of live or simulated exercises, where teams engaged in a tactical scenario learn to work together in pursuit of the mission. This technique has the advantage of realism, since the team members are interacting with a population very similar to what they will encounter in the field. Despite the belief that such techniques deliver effective training, there are cost and access penalties incurred by live or virtual team exercises. 


1. Many in the exercise may not be getting effective training. Such “role-players” are needed to perform the tasks necessary for the simulation to be credible and effective; in other words, to provide behavioral, aural, or visual cueing to the user to simulate how the team would be functioning;


2. It introduces variability that makes standardization of training difficult due to the human element influencing events in each scenario;


3. It interferes with performance assessment, since it is often the instructors themselves who are called upon to divide their attention between evaluating trainees and playing roles;


4. Costs arise from compensating, transporting and maintaining role-players at a training facility;


5. Availability is compromised because expert role-players can be exceedingly difficult to arrange.


The consequence is that access to team training is measured and scheduled and conducted only at dedicated facilities. Since such training is offered principally at home stations, deployed forces can suffer steep drop-offs in readiness, as any skills that are not practiced while deployed experience sharp decay (Chatham & Braddock, 2001). These challenges affect military training across a broad spectrum of skills but are especially salient in communication and coordination, which, broadly speaking, are under-represented in training as well as in the technology to support such training.


The application of simulation technology to training, mission planning and rehearsal has enabled realistic overhead 2-D and immersive 3-D “fly-through” capabilities that can help improve training and better prepare tactical teams for conducting missions in unfamiliar locales. Detailed terrain data can offer a preview of the relevant landmarks and hazards, and threat models can provide a more comprehensive glimpse of potential hot zones and safety corridors. A further extension of the utility of such techniques would allow users to perform the radio communications and team coordination planned for a mission; that is, the coordination that is critical to the success of NATO combat missions such as close air support (CAS). Such practice opportunities, while valuable, are limited by the inescapable scarcity of complete mission teams to gather in space and time during training, planning and rehearsal cycles. Below we discuss this gap as observed in two contexts: pilot communications training, and CAS planning and rehearsal.


2.1 Communications Training


Effective communication with team members is an essential element in accomplishing the mission. Opportunities to practice communication skills are limited to live or simulated team exercises, with the members of the team either present, or replaced by role-player surrogates. This approach is subject to the cost and access limitations described previously. As a result, training programs often suffer penalties due to ineffective use of team or simulator time, and/or poor student performance leading eventually to washout, due to the paucity of practice opportunities in team communication. 


One example of a communication training need comes from USAF specialized undergraduate pilot training (SUPT), an intensive program that trains new pilots prior to assignment to an advanced training track. This initial phase presents student pilots with an array of complex skills to acquire and integrate in a high-pressure, time-sensitive programme. Current approaches that augment the minimal flying hours with simulation devices have not succeeded in providing the interactivity required for some skills (particularly those requiring communication). As a result, training gaps have emerged in the SUPT syllabus that include pattern operations and radio communications (AFRL, 2002). The consequence is that training benefit from time in the airplane is compromised whenever an instructor is obliged to review skills and concepts (like communication) that might have been mastered if appropriate simulation technology were available. 


2.2 Tactical Team Mission Planning


Tactical team mission planning and rehearsal, though a ubiquitous practice, is typically conducted with live or virtual teams, with few opportunities to practice mission coordination skills outside of scheduled runs. The need to pre-arrange members of the team or role-player surrogates introduces cost and access limitations described previously. An instance of this gap is in mission planning and rehearsal for coordination-intensive missions such as CAS. With friendly forces and non-combatants in close proximity to targets, mission success requires effective verbal interactions between the air assets and the observers on the ground. In previous work we have demonstrated the use of speech-capable synthetic teammates for CAS training (Bell, Johnston, Freeman & Rody, 2004). Mission planning and rehearsal require similar capabilities, and should allow users to practice the radio communication along with the other aspects of mission performance. In CAS, for instance, the air-ground coordination is critical to the success and safety of the mission and should be represented in walk-through/fly-through activities. Unfortunately this is seldom the practice, due largely to the separation in time and space of the respective staffs in the air and ground elements planning and rehearsing the mission. 


3.0 Description of methods employed and results obtained


In order to meet the challenges summarized above, traditional simulation must be augmented with robust, verbally-interactive synthetic agents. Such agents must possess capabilities that extend well beyond conventional computer-generated forces (CGFs), semi-automated forces (SAFs), and game-based artificial intelligence, or “AI”s – largely scripted entities with limited abilities to respond to events beyond a predefined range of simple behaviors. Entities driven by CGFs, SAFs, or AIs cannot model the real-world complexities necessary to provide training value at the level of individual interaction. To provide interaction effectively for team training, synthetic teammates require the following capabilities:


1. simultaneous execution of: taskwork (e.g., flying the aircraft, working the console); teamwork (interacting with other members of the team); and instruction (providing assessment and feedback );


2. interaction via spoken language (required for team training in verbal environments); and


3. modulating behaviours to replicate various error modes, to allow for varying the proficiency of the synthetic team members (important in team training).


These generic requirements extend well beyond conventional computer-generated forces (CGFs), semi-automated forces (SAFs), and game-based artificial intelligence, or “AI”s – largely scripted entities with limited abilities to respond to events outside a predefined range of simple behaviors. CGF/SAF technologies do have an important role to play, but for our purposes they fall short of addressing specific needs that remain unmet. To meet these needs, we are employing cognitive modeling using CHI Systems’ computational development tool, iGEN®, for encapsulating human expertise and behavior in synthetic agents (Zachary, LeMentec & Ryder, 1996). Sophisticated agents, such as those which may be built using iGEN, can provide dialogue-capable synthetic teammates to reduce reliance on human role-players and make training, mission planning and rehearsal more accessible, less costly, and more standardized. Below we summarize two recent implementations of this technique, addressing the needs presented above: communications training, and tactical team mission planning and rehearsal, respectively.


3.1 Communications Training


USAF Joint Primary Pilot Training (JPPT) teaches flying principles and techniques to student pilots at dedicated training bases, where, due to the number of aircraft operating in proximity to the field, there is a standard traffic pattern and established procedures for requesting the overhead pattern to maximize opportunities to practice landings.  Pilot-controller radio communications in the traffic pattern follow a specific protocol to minimize radio congestion and enhance comprehension.  It is important for the students to learn and use standard phraseology for these purposes.  Furthermore, the communications between other pilots and the controllers provide an important source of situational awareness as they include position reports and clearance requests.  Thus, part of learning radio communications is learning to develop situational awareness from listening to radio calls of other pilots in the pattern. 


However, these very skills were identified as training gaps in an AFRL study (AFRL, 2002). Not surprisingly, the high-fidelity training devices employed in primary pilot training make no accommodation for communications training, other than a helpful simulator instructor issuing occasional commands to simulate a controller, nor is there simulated radio traffic. To address this gap, AFRL and CHI Systems developed the Virtual Interactive Pattern Environment and Radiocomms Simulator (VIPERS).


VIPERS offers users opportunities for guided practice and feedback in radio communications skills and decision making in a simulated pattern environment (Bell, Ryder & Pratt, 2008). The format of this practice is simulation-based training with intelligent software agents performing in both tutoring roles and synthetic teammate roles, in a laptop-based portable application for anytime/anywhere training enrichment. The core training technique in VIPERS is scenario-based guided practice (Fowlkes, Dwyer, Oser & Salas, 1998; Schank, Fano, Bell & Jona, 1994) in a simulated traffic pattern. Specifically, VIPERS provides three types of speech-interactive synthetic entities:


1. a synthetic instructor that provides coaching and feedback during scenarios and makes assessments to be used in a debrief;


2. a synthetic controller that maintains knowledge of all aircraft in the pattern and verbally responds to clearance requests and issues directives to all aircraft in the pattern; and


3. synthetic pilots/aircraft in the pattern behaving appropriately and making radio calls.


Figure 1 illustrates the display during a VIPERS scenario. The mission display is a top-down schematic view of the pattern with aircraft icons representing the pattern traffic.  In the mission, the user commands the aircraft and makes radio calls as if flying the airplane.  The user controls the aircraft using high-level controls indicated by buttons that the user can select either via mouse or keyboard.  In addition, the user has a headset with microphone for transmitting and receiving radio communications.  


The simulation includes synthetic aircraft flying in the pattern (represented by aircraft icons on the display) with synthetic pilots making the appropriate radio communications.  It also includes a synthetic controller responding to clearance requests and issuing directives to all aircraft in the pattern. The synthetic instructor provides coaching and short feedback as appropriate, reminding the user to make missed calls, and assuming temporary control of the aircraft if needed. At the conclusion of the mission, a debrief is provided to the user, reviewing the user’s performance on the following four performance measures: (1) making correct radio transmissions; (2) proper performance of in-flight checks; (3) taking appropriate actions in decision situations; and (4) complying with directives. A representative transcript is shown in Figure 2.

VIPERS provides instructor-optional guided practice and feedback in radio communications skills and decision making in the JPATS pattern. The combination of PC-based simulation, intelligent speech-interactive synthetic teammates, and speech interaction increases training availability and reduces dependence on instructors.  Data collected from 70 users over a five-month period show statistically-significant training gains from using VIPERS. Specifically, VIPERS use correlated (significantly) with reduced time to achieve a rating of “good” on flown sorties for all three measures (situational awareness, communications, and in-flight checks) identified by the Air Force as being relevant. This program is thus a convincing illustration of how speech-interactive synthetic teammates can offer solutions for training tactical communications skills.

		User: 
Texan one-five request closed 

		RSU: 
Closed Approved



		

		IP: 
You need to call closed downwind



		User: 
Texan one-five closed downwind

		



		SSP1:
Tiger two-three initial request high key

		RSU:
Report high key 



		User:  
Below one-fifty, gear clear

		IP: 
Clear



		User:
Texan one-five gear down

		



		User:
Handle down, three green, flaps take-off confirm

		IP:
Confirm



		SSP2:
Lush four-two, two miles, gear down

		



		User:
Gear up, lights out, flaps up by one-fifty

		



		User:
Texan one-five breakpoint straight through

		IP:
Disregard



		User:
Texan one-five request closed

		RSU:
Negative closed



		

		IP:
I have the aircraft





Figure 2: Representative dialogue among Texan one-five (user), and synthetic agents: RSU (controller), student pilots (SSP) and instructor pilot (IP)


3.2 Tactical Team Mission Planning and Rehearsal


In related work we are applying some of the capabilities we developed in the training domain to explore more realistic and more accessible mission planning and rehearsal tools. Our focus was on users in high OPTEMPO contexts, engaged in missions requiring a great deal of teamwork. We looked particularly at cases where teams are distributed and where verbal communication enjoys a key role in mission coordination, selecting CAS for this study. To accelerate our research, we employed a fielded mission planning and rehearsal tool, so that we could devote our attention to investigating the utility of speech-interactive synthetic teammates rather than on creating a suitable testbed. The tool we employed is called the Combined Arms Gateway Environment (CAGE). Developed by AeI, CAGE is a mission support tool that enables operators to plan, rehearse and then conduct missions under a wide variety of operational conditions. CAGE allows planners to employ the rehearsal capability to create routes, inspect and deconflict airspace, view corridors and define threat cones. Planners and mission personnel can view the mission in 2-D (top-down) and 3-D. The 3-D view provides dynamic lighting (sun, shade, moonlight) to assess the tactical implications of time of day and visibility effects (fog, haze, cloudbase) to project the visibility under the forecast weather conditions.


A high-level needs analysis was performed for a CAS scenario. This was limited, in alignment with the exploratory nature of this research, and so focused specifically on voice interaction. This entailed performing a Hierarchical Task Analysis (HTA) for the scenario, and reviewing each relevant step
 to identify:


 


· The objective for that step.


· How to gauge that the objective has been achieved, i.e. the measure of effectiveness (MoE);


· The required inputs for that step (what the instructor  has to include over and above the synthetic agent component in order to accomplish the step);


· The specific benefits that the synthetic agent provides, which would not have been achieved by other means (e.g. by displaying the dialogue as text on a screen);


· What the technology must be able to do in order to provide the required benefit.


The results of the HTA were captured against the following criteria (example outcomes shown in brackets):


· Task: [Look for described area and features].


· Objective: [Rapidly and accurately identify areas based on description of the visual scene].


· MoE: [Identify target within elapsed time parameters].


· Required inputs: [A representation of the visual scene that relates to the descriptions being provided].


· Benefit: [Synthetic agent allows natural interaction between user and JTAC, with correct sensory input (auditory) and output (speech)].


· Requirement for agent: [able to provide descriptions that relate to the visual scene provided].

To bound our initial experiment, we created a set of CAS scenarios, focusing on dialogue between the pilot and a Joint Terminal Attack Controller (JTAC), allowing for alternative dialogue branches and error correction. The complexity of the scenarios determines the necessary sophistication of the grammar, synthesized voice, and agent model. For this exploratory effort, the scenarios were limited to specific phases of a representative CAS mission. We created an iGEN model to play the role of the JTAC.

The implemented scenario demonstrates a mission rehearsal where the user takes on the role of lead CAS pilot, interacting with a synthetic JTAC agent. When a scenario is started, the components load their required data (CAGE loads its scenario data, the speech components load the grammar and voice data, and iGEN loads the JTAC model) and each initializes the appropriate communication channels. The user selects a call sign from a set of nominal identifiers and two-digit suffixes. The user then begins the mission and initiates communication by checking in with the chosen call-sign. Figure 3 shows a representative display at this point 

in the mission, with a 3-D view on the left and the 2-D view on the right.



Figure 3: Representative rehearsal display in CAGE


The JTAC agent transmits a 9-line brief, based on information given to it by CAGE (the user can request a re-transmit at any point during the mission).  The user then repeats the 9-line and this read-back is checked by the synthetic JTAC for accuracy. If an error is found in the readback, the user is asked to repeat any incorrect portions of the communication until it is correct (and only the incorrect portions). Following accomplishment of the 9-line, the JTAC agent directs the user to the target, who must read back the targeting information, which is again checked for accuracy. Following an accurate read-back, the JTAC clears the user for attack. After attack the JTAC responds with a battle damage assessment, and the user signs off. During each exchange in the dialogue the JTAC waits for the appropriate response from the user, and asks the user to repeat any communication that is incorrect or unrecognizable. A representative transcript is shown in Figure 4.

User:
Widow 76 this is Vader 28 checking in as fragged 


JTAC:
Vader 28, Widow 76 Loud and clear, this is a Type 1 control, call ready to copy.


User:  
Vader 28 Type 1 control, ready copy 


JTAC:
 IP U278, Heading 055 magnetic, Distance 9260 meters, Elevation 70 feet. Target is a Helicopter parked on western edge of dispersal. Location North 51 00.89 West 002 38.01. Mark Laser 1111 LTL 355 Magnetic. Friendlies 1000 South, Egress North to Bad Wolf. Advise when ready for remarks 



User: 
Ready to copy remarks 


JTAC: 
Final attack heading 055 through 030


User: 
Elevation 70 feet , Location North 51 00.89 West 002 38.01. Friendlies 1km South. Laser 1111 LTL 355 magnetic. Attack heading 055 through 030 magnetic 


JTAC:
Readback correct, report leaving IP


User:  
Leaving IP, abort alfa romeo sierra


JTAC:
Widow 76, abort alfa, romeo, sierra your target is one of 2 helicopters on the western edge of a dispersal. 


User:
Helicopter, western edge, dispersal.  Vader 28 leaving IP.


JTAC:
Short of target, airfield 


User:
Short of target, airfield 


JTAC:
North of runways, group of 8 hangars. From there, 12 o’clock 500, further set of 3 hangars, North East corner airfield. Laser on. Friendlies to South of all runways.


User:
Contact 10 seconds. Further 3 hangars Laser on. Visual friendlies 


JTAC:
Right of hangars is large dispersal, in sunlight, target is helicopter on right hand side


User:
Contact Target, left of target further helicopter against building. 


JTAC:
Affirm, cleared hot 


User:
In hot. Rifle away. Terminate 


JTAC:
Terminate, Vader 28, widow 76, Delta Hotel, helicopter destroyed, End of mission. 


User:
Target destroyed, Delta Hotel, End of Mission.


Figure 4: Representative dialogue between aircraft (user) and JTAC agent


An important design consideration is the degree of variability in whether user utterances are treated as “legal”. Too restrictive an approach erroneously emphasizes syntax over semantics, frustrates users, and undermines mission planning and rehearsal objectives. Too accommodating an approach not only adds complexity to the recognition process but could introduce non-doctrinal phraseology. There is no quick-fix solution; striking a proper balance depends on thoughtful, comprehensive consultations with subject matter experts, guided by a principled cognitive task analysis methodology (e.g., Zachary, Ryder & Hicinbothom, 2000). For our exploratory study we employed a CAS-rated RAF pilot and implemented logic in the JTAC agent that permits lexical and syntactic variations based on the tactical context. Each communication spoken by the user can thus be phrased in different ways; optional wording can be omitted and some alternate wordings are accepted. 


This flexible grammar, combined with the selective requests for read-back (i.e., only incorrect portions of the 9-line need be repeated) afford the user a transparent dialogue capability. For the initial work reported here, we developed a speaker-independent demonstration that required no training to a specific voice. Our testing team consisted of both U.K. and U.S. speakers and there were no noticeable differences in recognition rates among them.


Initial results showed that there was an immediate benefit to being able to practice techniques as they would be performed for real while remaining in a benign environment. For early-stage training, this removes the stress of the real situation in order to put the trainee at ease; for planning and rehearsal the realism is sufficient to provide the necessary situational awareness to adequately exercise the plan and measure an individual’s performance in executing it.


Early feedback from end-users also indicates the scaleability of this technology. There is significant potential to increase the richness of the training experience, including using the synthetic agent to increase the user’s exposure to operational stress; to augment the simulated environment with more diverse players and to provide voice interaction in situations where it is not currently available. 


4.0 ConclusionS


The investigations reported here provide support for the utility of speech-interactive synthetic teammates for training, mission planning and rehearsal. We are currently planning to develop more comprehensive and more complex scenarios in these domains, which will require behavioral, speech and grammar components with additional sophistication. This will require more robust speech recognition and discourse management. We will address this need by employing a dynamic grammar, where an intelligent agent activates and de-activates sub-grammars as the tactical situation changes, an approach we have reported in previous work (Bell, Johnston, Freeman & Rody, 2004). Our work has indicated that there is significant training benefit to be gained from using speech interactive agents through increased richness or improved efficiency of the training environment (Bell, Ryder & Pratt, 2008).


New simulation capabilities that extend the benefits of synthetic training can yield parallel advances in mission rehearsal and mission planning. For missions that rely on effective communication and coordination, though, the verbal exchange among tactical teammates is trained, planned and rehearsed only if and when suitable role-players are available, co-located in time and place. By employing the knowledge encapsulated in an intelligent agent, we can overcome many of the challenges faced in human-computer dialogue, and continue to enrich synthetic training while migrating the benefits of this approach into the realms of mission planning and rehearsal. The research summarized in this paper offers evidence that agents of sufficient cognitive fidelity to support spoken dialogue can extend embedded virtual simulation to achieve a new level of readiness for NATO forces deploying to new locales with little advance preparation time.
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Figure 1: Example screen from the VIPERS communications training program.



















































� By 'relevant step' we mean those steps that involve the user doing something, as the HTA also covers the actions of the Joint Terminal Attack Controller (i.e. the actor being 'played' by the synthetic agent).
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Abstract


Simulation-based training in military decision making often requires ample personnel for playing various roles (e.g. team mates, adversaries). Usually humans are used to play these roles to ensure varied behavior required for the training of such tasks. However, there is growing conviction and evidence that intelligent agents can also produce human-like, variable behavior. At the same time, it is known that goal-directed, systematic training is more effective than learning-by-doing only. To achieve goal-directed, effective training in (embedded) virtual simulations, events in the simulated environment as well as the behavior of these intelligent agents must be carefully controlled. We propose to do that by using a director agent (DA). A DA can be seen as a supervisor, capable of diagnosing task performance, instructing intelligent agents and steering the simulation. These capacities enable a DA to control a training scenario not only on the basis of an off-line scenario model, but also on its on-line assessment of the trainee’s task performance. A DA can thus bring about a simulation-based training tailored to the needs of the trainee, enhancing his or her learning experience. In this paper, we explain and illustrate the concept of a DA in the context of simulation-based training in on-board fire fighting. 


1.0 Intelligent Agent Supported Autonomous Training in Virtual Simulations


Military organizations tend to operate in highly uncertain and dynamic environments, and therefore require competent staff that acts adequately in any emerging situation. From the literature we know that acquiring expertise in complex tasks as faced during military missions is a matter of intensive, deliberate and reflective practice over time (Ericsson, Krample, & Tesch-Römer, 1993). Unfortunately, the very nature of military missions makes it hard to set up real-world training. In addition to practical issues such as the high level of danger, logistical issues play a role: mimicking a military mission in the real world requires many people and resources.


Scenario-based simulator training is considered appropriate for learning decision making in complex environments (Oser, 1999). An (embedded) virtual simulation enables trainees to experience the causal relations between actions, events and outcomes in the simulated environment. It thus gives access to experiential learning, e.g. by free-play practice. However, goal-directed, systematic training is more effective than learning-by-doing only (Blackmon & Polson, 2002). In order to make learning purposive and goal-directed, events in the simulation as well as the behavior of key players need to be carefully managed (Cannon-Bowers, Burns, Salas, & Pruitt, 1998; Fowlkes, Dwyer, Oser, & Salas, 1998). Players in the scenario should respond realistically to any situation emerging from the trainee’s actions, and the responses should keep the scenario on track of the learning goals.


Common practice to realize this in simulation-training is to use Subject Matter Experts (SMEs) (usually staff members) to play the role of key players (van den Bosch & Riemersma, 2004). SMEs have the expertise to take the context into account when evaluating (on-line) the appropriateness of trainee behavior. They can also assess whether the scenario develops in the intended direction, and make adjustments, if necessary. Thus, SMEs make it possible to deliver training that represents reality in terms of dynamics and complexity, whilst tailoring the training to the performance of the trainee. However, the need for SMEs elevates costs of training, and staff is generally scarcely available. As a result, there are often (too) few opportunities to receive this type of training. The military acknowledges that developing expertise demands frequent, goal-directed, and intensive training. They are therefore looking for more flexible forms of simulation-training that require fewer organizational and logistic efforts.


A solution is to use virtual intelligent agents to play the required roles autonomously. If we can develop agents that in training scenarios produce intelligent and realistic behavior of the individual or entity that they represent, we would be able to make training more cost-efficient. However, in order to make such agent-based training also goal- and trainee-directed, we need an extra function. Like SMEs do, consideration should be given to which response will produce the best learning situation for the trainee. The agent should then act accordingly. For instance, an agent may deliberately act inaccurately because this enables the trainee to achieve the learning goal “detecting and correcting errors made by team mates”. What we therefore need is management of agent behavior to ensure that the scenario develops in service of the learning goals.


One possibility to do this is to equip the virtual agents with didactical knowledge, thus enabling agents to take didactical considerations into account when deciding on how to act (van Doesburg & van den Bosch, 2005). However, we consider it important for agent development to separate domain-related knowledge required to generate task behavior from didactical knowledge required to exert control over the scenario. Therefore, we propose the concept of a “director agent” (DA). A DA can be seen as a supervisor, capable of diagnosing the trainee’s task performance, instructing agents to perform certain behavior (thereby overruling what agents would otherwise do) and capable of steering the simulation (thereby overruling the specified chain of events). A DA can ensure that a training is and stays tailored to the needs of the trainee, thus creating an optimal learning experience in an (embedded) virtual simulation.


In this paper we report on the development of such a DA. First we will introduce the task domain for which we develop a virtual training environment. Next, we elaborate on the design of the DA and on its capacities to manage the scenario and to diagnose the trainee’s task performance. Then we discuss how the DA can steer the simulation and agents to increase the trainee’s learning experience. Last, we discuss the chosen approach and draw preliminary conclusions.  


2.0 Task Domain


In this paper we describe the development of a desktop-simulation training that is equipped with virtual players that can act independently and intelligently, but whose responses can also be adjusted to create or utilize emerging learning opportunities. The domain is on-board fire fighting, and the task to be trained is that of the commanding officer, the Officer of the Watch (OW). The Royal Netherlands Navy (RNLN) currently provides training in on-board fire fighting using a high-fidelity simulation. Due to the rare availability of other trainees to play the role of team members, courses are organized infrequently and they contain few simulator sessions. On request of the RNLN we are developing an agent-based simulator that is more flexible and requires fewer personnel. Figure 1 shows an impression of the trainer. Within this trainer the trainee controls the avatar of the OW; we developed agents that play the team roles in an intelligent and autonomous fashion.
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Figure 1. Impression of the agent-based virtual simulation environment for on-board fire-fighting training1


 Courtesy of VSTEP (www.vstep.nl), the company that developed the virtual simulation.

The general course of events in naval on-board fire fighting is as follows. If aboard a navy frigate a fire breaks out, the Officer of the Watch (OW) is in charge of handling the incident. When the alarm sounds, the OW hastens himself to the Machinery Control Room (MCR) of the ship. From there, he contacts his team, develops a plan to contend the incident, gives orders, monitors the events, and adjusts plans if necessary. The Officer of the Watch communicates with four other officers: Chief of the Watch (CW), Machinery Control Room Operator (MCRO), Confinement Team Leader (CTL), and the Attack Team Leader (ATL). The first two are also situated in the MCR, the last two are at or near the location of the incident.


Several phases can typically be distinguished when contending an incident. Upon the alarm signal, the OW immediately orders initiating actions (e.g. stopping ventilation, checking water pressure, checking for wounded or missing persons) and broadcasts the incident across the ship. He then develops a confinement plan (e.g., cooling compartments adjacent to the fire; switching off power in areas at risk) and an attack plan (attack route; passage bans; escape route). Plans are then issued as orders. When the fire is extinguished, a plan for safe removal of smoke and gasses is executed. Finally, restoring and cleaning activities are initiated.


The task of the OW is a typical example of decision making in a complex environment. There are, of course, procedures for handling a fire accident. However, the OW also has to anticipate on possible complications, needs to respond to unforeseen actions, has to adjust plans when events require him to do so, and so on.


3.0 Agent-Based Training Simulation 


3.1 The Simulation 


The system under development is a stand-alone low-cost desktop simulation trainer (see Figure 1), to be used by a single trainee who is playing the role of OW. All four other players involved are played by intelligent agents. The avatar of the trainee is situated in the MCR of the ship throughout the training (as the OW is in reality). All equipment that is normally used is simulated and available to the trainee (damage control board, information panels, communication equipment, etc). In reality, team members communicate by speech. Our simulation has no speech recognition facilities, however. If an agent is the sender, it uses pre-recorded speech expressions. The trainee uses context-sensitive menus to send communication to the agents (see Figure 1).


3.2 The Training


In a broad sense, the goal of training is to learn and practice the assessments, procedures and decisions fundamental to fire-command. Instructors from the Navy school translated the abstract training goals into learning objectives, defined in terms of observable behavior. For instance: “trainee selects alternative attack route if circumstances require him to do so (e.g. due to blocked passage)”. Instructors then formulated scenarios. Scenarios contain fixed elements, representing phases in the attack of an on-board fire (see the previous section). For each phase it is formulated which behavior of the OW would be correct. In addition, one or more states are formulated within these phases that will enable trainees to achieve a learning goal (e.g. a blocked passage on the logical attack route). What events may bring about those states is described, e.g. a particular event or situation (aisles are filled with laundry bags) or specific agent behavior (an agent “forgets” to close a door through which smoke enters the attack route). 


Of course, we deal here not with independent, but with interactive elements of training. For example, certain events can only happen if the trainee has not taken precautionary measures earlier. Moreover, the agents and trainee are constrained by a set of actions possible in the simulated environment. For example, in our system one can contact other persons and make compartments voltage free, but one cannot navigate the ship. The simulation environment is developed in such a way that it allows for those actions that makes the trainee experience autonomy and control with respect to the task being trained.


As we cannot know in advance what the trainee will do or not, we need a form of control to select what events must be released or prevented to bring about the desired states for learning. In the next sections we explain how we handle this problem.


3.3 The Agents


The intelligent agents in our virtual training simulation are modeled as experts, implying that they are able to autonomously perform expert behavior in all possible situations. Note that, as in real life, this involves more than blindly following the trainee’s commands. For instance, an agent could be of the opinion that the trainee’s plan involves unacceptable risks, and could thus propose an alternative plan. 


We use the Belief Desire Intention (BDI) framework (Bratman, 1987; Rao & Georgeff, 1991) to develop the team agents. The BDI paradigm stems from folk psychology, i.e. the way people think that they reason (Norling, 2004). Humans usually describe their reasoning and explain their actions in terms of beliefs, desires and intentions. The BDI paradigm is based on these three mental concepts. As a rule, a BDI agent has beliefs, goals (desires), and intentions (goals to which it commits itself). Usually, BDI agents also have a plan library containing a set of plans. A plan is a recipe for achieving a goal, given particular preconditions. The plan library may contain multiple plans for the achievement of one goal. An intention is the commitment of the agent to execute the sequence of steps making up the plan. A step can be an executable action, or a sub-goal for which a new plan should be selected from the plan library. 


It has been demonstrated that BDI agents can provide virtual players with believable behavior in computer games (Norling, 2003), and in virtual training (van den Bosch & van Doesburg, 2005). To generate such behavior, the agents require domain knowledge, which can be acquired from experts. Because experts tend to explain their actions in terms of beliefs, goals and intentions, expert knowledge can be easily translated to a BDI model (Norling, 2004). Furthermore, decision making in fire fighting is often procedural in nature: plans for achieving goals under given conditions are thus available. Some goals may be achieved in more than one way, which can be incorporated in the BDI model by defining multiple plans for one goal. As an example, see Figure 2 for an overview of the goals, plans and sub goals required for the most simple team agent, the Machinery Control Room Operator, to perform its task during fire fighting. The models are implemented in Jadex, an agent architecture based on the BDI framework, which allows for programming intelligent software agents in XML and Java. 
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Figure 2. Overview of the goals, tasks and sub goals of the MCRO for on-board fire-fighting.


4.0 Director Agent


Agent-based simulation training generally contains the elements introduced in the previous section: a trainee (here: the OW); autonomous agents (here: team members); and the simulation environment. In addition, frequently a human instructor is involved that selects the scenario to train with (in our case: a certain type of fire in a specific compartment of the ship), and specifies - before the training starts - specific events or states (e.g. the presence of an injured person, or that the ventilation is not crash stopped) that will bring about a situation that enables trainees to achieve a learning goal(s) (e.g., keeping track of ship crew, or checking the automatic ship systems).


Once the training has started, the behavior of the trainee in interaction with the agents and the simulation environment determines how the scenario develops. The interaction between the various autonomous elements makes it difficult to predict the course and outcome of a scenario. Of course, the human instructor tries to bring about certain learning situations by specifying specific events and states. But whether or not the aspired situation will in fact occur is not sure because during the session, the instructor is unable to exert influence. Therefore, in addition to the scenario and states chosen by the instructor off-line, we need a manner to control the scenario on-line.


We advocate the use of a director agent (DA) to control the course of the scenario. A DA can be considered as an agent ‘behind the scene’. The concept originates from studies into interactive narratives where story directors or drama managers are used (Riedl & Stern, 2006). In contrast to an intelligent tutor, a DA does not explicitly provide feedback or intervene an exercise (Riedl, Lane, Hill, & Swartout, 2005). See Figure 3 for the design of the agent-based virtual training simulation. 
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Figure 3. Design of the agent-based virtual training simulation.


As can be seen in Figure 3, the simulated environment is shared between the virtual simulation and the DA. This is due to the fact that the virtual simulation only simulates that part of the world visible to the trainee: the MCR and everything that happens there, see Figure 1. The DA simulates those parts of the world that are not handled by the virtual simulation, for example the events at the location of the fire. This entails that the trainee can only observe those events that take place in the virtual simulation (the visualized MCR), and has no direct access to the non-visualized events outside it, which are handled by the DA. From the perspective of the agents however, there is no difference between interaction with the visualized and non-visualized environment.


4.1 Scenario Management


The first goal of the DA is to ensure that the training scenario can develop as intended by the human instructor off-line. This role is called Scenario Management and contains three main functions. 


To correctly execute its role, the DA has to have an overview of all the events that happen in the  visualized and non-visualized environment. Therefore, all information from the virtual simulation is channeled to the DA and taken as input by the first function of the Scenario Management role: the maintenance of the world state. This function updates the world state of the DA based on all events that happened, either visualized in the virtual simulation or only simulated within the DA. To ensure that the agents only receive information from the virtual simulation that is consistent with the world view of the DA, the agents to not directly receive information from the virtual simulation. Instead, this function of the DA that maintains the world state also sends new information to the agents that should receive it.  


Events can originate from one of three sources: the trainee may bring about an event, the team member agents may do so, and last the DA may initiate events in the simulated environment. Events stemming from the DA come from the second function of the Scenario Management role: the control of events in the simulated environment. This function helps the scenario to unfold according to the intentions set out by the instructor at the beginning of the training. For example, the DA can start a specific type of fire at a specific location, and decides whether the ventilation is or is not crash stopping. In addition, this function makes inferences from the world state that may lead to new events, e.g., a smoke alarm due to the presence of a fire. 


The third function, the handling of agent plan executions, simulates the plan execution of the agents that are not present in the MCR, and are therefore not visualized. This function ensures that those plans take a certain time, and have certain effects in the environment.


4.2 Tutoring


The second important goal of the DA is to on-line pursue that the scenario stays in service of the learning objectives. This role is called Tutoring and embeds three functions. 


The first function is the recording of the trainee behavior. This function updates the DA’s model of the behavior of the trainee, e.g. the communicative act that he or she selected, or the plan of attack that was drawn on the virtual damage control board.


The second function of the Tutoring role is the evaluation of the student behavior. Based on its knowledge about the behavior of the trainee, the DA determines the quality of the trainee’s actions. It does so by using expert knowledge formulated in the form of constraints that determine whether or not an action is correct (e.g., the agent should hail the fire alarm within 30 seconds after it sounds). 


The third function, tailoring the scenario to the trainee, uses the outcome of the trainee evaluation to determine whether and how the training scenario can be adjusted to ensure the trainee reaches it training objectives. From the literature it is known that a trainee stays focused and motivated when a training is not too easy, but neither too hard (Bransford, Brown, & Cocking, 2000). If the DA observes, for example, that the trainee frequently executes the required actions too late, he may decide to activate the “Guide” function of the intelligent agents. We will elaborate on this and other support functions in the next section. The DA may also notice that the trainee performs extremely well throughout the scenario. The DA may then decide to add additional challenges, e.g., an agent that forgets to close a smoke valve, resulting in an additional fire alarm. Several of these scenario adjustment opportunities are defined, and can be brought about in several ways, which will be discussed in the next section. To determine which intervention to perform, this function of the DA requires knowledge about the relation between learning objectives and scenario interventions. This is implemented as a set of rules relating learning objectives to possible adjustments of events in the simulation environment and behaviors of the agents.


5.0 Tailoring the Training to the Trainee


In the previous section we introduced the DA and its function to tailor the scenario according to the performance of the trainee. To create an optimal learning experience, the difficulty level of the training should suit the skill level of the trainee. Instructors mostly try to make the scenario a bit more difficult than the trainee’s current level can handle. From this optimal situation two deviations exist: either the difficulty level is too high given the level of the trainee, or it is too low. Both these situations result in an non-effective training situation. In this section we introduce the interventions that the DA can do to adjust the difficulty of training, and what this entails for the design of the BDI-agents.


5.1 Supporting the Trainee


Remember that our BDI agents are designed as expert agents, entailing that they know how to handle a fire incident. In addition, we made them realistic team members of the OW and equipped them with the inclination to advise and possibly correct the trainee in its task execution. For a specific example see Figure 4. Figure 4 depicts a small part of the hierarchical task analysis of the CTL. In particular, it specifies the plans and sub goals the CTL forms in order to reach its goal to receive an initial Boundary Management Plan (BMP) of the OW (“Get First BMP”).
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Figure 4. Overview of the tasks and sub goals of the CTL to reach its goal of receiving an initial BMP of the OW.


 Some plans and sub goals of the “Get First BMP” are written in italics, denoting that they are not required for the main task execution, but concern support functions. Three types of support functions exist: explicitly advise, implicitly advise, and correct functions. 


Explicitly advise plans guide the trainee through the scenario by suggesting the correct action, e.g., “I suggest that you plot a boundary management plan”. To trigger these plans, two conditions should be met. First, a certain time has to be elapsed from the moment that the action became appropriate. Second, the agent should be in the Guide mode. 


Implicitly advise plans help the trainee by asking a question that may spur him or her to do a correct action. For example, the CTL’s question “Do you have any additional information for me?” after it receives the BMP, is intended to trigger the OW to ask the CW whether compartments adjacent to the fire are voltage free. To trigger these plans the agent should be in the Suggest mode, and again a certain time has to be gone by from the moment the correct action started to become appropriate. 


Whether or not the correct plans are activated has the largest influence on the course of the scenario. If the agent is in Correction mode it will correct mistakes the trainee makes, thereby keeping him or her on track of the scenario. If the trainee does not correct certain mistakes, e.g., a wrong BMP, the trainee will be faced with the consequences, in this case a spreading fire. 


Which support functions should be selected is, among others, a matter of the phase of training. For a novice, it might be good to put the agents in the Guide mode so they can inform the novice about the required steps in fire fighting by advising the trainee to do them. In addition, the correction of mistakes in Correction mode will give the novice insight in the correct actions. For advanced trainees the Guide mode could be turned of, while the Suggest mode might still help them to think about the required steps. Switching support modes is thus an easy generic way to change the difficulty level of training.


5.2 Interfering with the Development of the Scenario 


In the previous section we explained that for each scenario several scenario adjustment opportunities are specified that can help achieving a specific learning objective. Some of these adjustments can be brought about by an event in the simulated environment that is triggered or inhibited by the DA, e.g., the starting of a second fire. Other adjustments are caused by agent behavior that deviates from the expert norm. To have the agents display non expert behavior, three interventions are possible that vary in their level of intrusiveness. Which intervention is required depends on the level of the agent behavior the DA wants to change (e.g., forgetting of a step in a plan vs. giving a wrong task priority). 


First, the DA may wrongly execute an action that an agent wants to execute. All the actions an agent wants to perform are first sent to the DA that may then either forward them to the virtual simulation (for actions visualized in the virtual training simulation) or simulate them itself (when they take place in the non-visualized environment). The actions of the agents visualized in the MCR generally consist of low-level, atomic actions. An example of a mistake that a DA can simulated there is the pressing of the wrong button on a console. The non-visualized agent actions that are simulated by the DA are usually less atomic and might for example be “Check Smoke Valves Closures”. An error that the DA can let occur here is that an open valve is overlooked. 


A second way for the DA to have an agent execute non expert behavior, is to send false world information to the agent, possibly resulting in behavior that is wrong given the actual circumstances. Important to realize for this type of intervention is that this false information may soon be overwritten by correct information received from the simulated environment. At this moment we do not consider the halting of this correct information upon sending false information, but this could be added.   


Third, the DA may be able to intervene in the actual functioning of the agent by authorizing it to change the team agents’ plan and goal bases. An intervention could then entail sending a (false) plan or goal to the agent. When it is assumed that the plan or goal received from the DA receives priority over all the other goals and plans, the sending of a goal can simulate the error of giving priority to a less important goal. By giving an agent a false plan, the execution of a wrong procedure can be simulated. Unfortunately, due to difficulties with sending and adopting new goals or plans from one Jadex agent (the DA) to another (one of the team agents), we did not yet implement this option. 


6.0 Discussion and Conclusion


Becoming an experienced and competent staff member deployable in military missions is a long-lasting undertaking. Good training requires frequent and deliberate practice in situation assessment and decision making. This is not only taxing for the trainee, but also for the organization responsible for delivering training. It requires ample staff to realize the environments that students need to acquire domain-specific knowledge and to practice assessment and decision making skills. Recent developments in simulator- and agent technology open opportunities to improve this situation. Modern computers are capable of generating highly realistic, dynamic, interactive (embedded) simulations. Advances in agent technology can be used to generate the behavior of human entities in such (embedded) virtual simulations.


In this paper we report current work on the design of such an advanced training system. We have argued that in order to make such training goal-directed and systematic, a DA can be used that exerts control over the simulation and over the intelligent team agents. The DA can do so by using a rule set defining the relations between learning goals, scenario states, and interventions (pertaining to both simulation and agents). In our concept, the DA imposes constraints upon the autonomy of simulation and agents to the benefit of maintaining control over the scenario, adjusting it to the level of the trainee.


The question is then: will the proposed DA indeed achieve the desired control? From earlier work we learned that the main difficulty is endowing an agent with the capabilities to detect that a scenario is going off-course, and to diagnose the nature of digression. We have been able to develop an agent that successfully diagnosed student errors, by combining both outcome- and process measures of student task performance (Heuvelink & Mioch, 2008). This diagnosis was subsequently used to present feedback to the trainee. Similarities with the present work are obvious. Rather than using a diagnosis for selecting feedback, our DA selects an intervention aimed to bring about the desired states for learning. We are therefore confident that the approach will work.


Another question is: will interventions yield the scenarios that we hope for? Most likely it will not succeed always. We see the same when team members are played by human instructors. Instructors often make ‘smart moves’ to create challenging learning situations, but they too do not always succeed. Likewise, our DA may fail some of the times. One possibility is that the DA’s rule set contains no intervention that may bring the actual scenario state into a desired scenario state. It is also possible that an applied intervention fails to produce the desired state (e.g. because it elicits the trainee to take an action that blocks the potential effect of the intervention). We want to emphasize here that our goal of using a DA is not to achieve full and total control over a scenario. This would very likely harm the trainee’s sense of autonomy and the experienced realism of the scenarios. The DA must thus be considered as a tool to advance from free-play to more deliberate, goal-directed form of training.


A third question is: is the concept of DA appropriate to achieve control? An alternative way of exercising control is to build didactical considerations into the playing agents. In this way, didactical considerations are decentralized. But this can harm control too. If each agent has its own set of behavioral instructions, then several agents at once may act trying to achieve a desired scenario state. This may lead the scenario further astray. Another disadvantage of decentralization is the issue of reusability. For a simulation training it is best if the models underlying the agents can be used for many scenarios. Didactic considerations, however, tend to be scenario and trainee specific. What is desirable for achieving a particular learning goal doesn’t necessarily need to be desirable for another. We consider it therefore important to separate domain-related knowledge required to generate task behavior from didactical knowledge required to exert control over the scenario.


Concluding, recent developments in embedded virtual simulations and intelligent agent technology promise better opportunities for autonomous training in decision making for military tasks. Our approach presented here should be able to add learning value to that promise.
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Workshop Session #1: 

Policy and User Requirements for Embedded Training

Summary of Discussion


Dr. Stephen Goldberg (USA) facilitated this session on policy and user requirements related to embedded training.    Lessons-learned and examples of embedded training applications were explored in the two papers presented during this session: 

· The Opportunities and Challenges of Embedded Training - Brian Crabb, Ph.D. (USA), Army Research Institute; Jennifer Phillips (USA), Cognitive Performance Group; and William Ross (USA), Cognitive Performance Group


· F-35 Embedded Training - Conrad Bills, Ph.D. (USA) Lockheed Martin; Brian Flachsbart (USA) Lockheed Martin;  LCDR Shawn Kern (USA), U.S. Navy; and Dave Olson (USA) Lockheed Martin


Workshop Exercise #1: Mindmapping Embedded Virtual Simulation EVS requirements

As in all of the workshop exercises, three groups were formed from the attendees to address critical questions related to EVS through a mindmapping exercise.  The three groups were facilitated by:


· Group 1: Dr. Goldberg and Dr. Magee; 


· Group 2: Dr. Roessingh, Ms. Koerhuis and Dr. Andrews; 


· Group 3: Dr. Hourlier and Dr. Alexander 


For this session, the mindmapping exercise focused on EVS requirements and the three questions below were intended to focus and energize the discussion: 


· What potential operational systems are good candidates for the application of embedded virtual simulation (EVS)?  Why? 


· What are the human factor challenges for performance and training in EVS?


· What are the limitations in applying EVS?


The mindmaps shown below are the group products from Exercise #1 on EVS requirements:
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Figure 1: Group 1 Mindmap for Exercise #1
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Figure 2: Group 2 Mindmap for Exercise #1
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Figure 3: Group 3 Mindmap for Exercise #1


The three groups that produced mind maps had some common themes and some differences to include the level of detail which they represented the space.  Each group was given three higher level organizing topics.  Those were candidate applications, human factors issues, and limitations of the embedded virtual simulation.  


Candidate applications: The requirements for virtual embedded simulation cut across a wide variety of applications.  The overarching capability of all of the systems identified was that the trainee would be sitting at a workstation at which he would receive inputs either through information presented on displays within a vehicle or system or a view of a virtual environment representing some geo-typical or actual real world location.   The types of systems that were identified as virtual embedded simulation candidates include aviation, ground and sea systems.  Also identified are command and control centers to include various types of control rooms.  Another potential type of candidate application was to embed training into hand-held devices such as intelligent phones or net-books.   The level of realism identified included high fidelity to enable service members to “train as they would fight.”

Human Factors Issues: The most serious Human Factors issue that was identified by more than one of the groups was developing requirements that ensured safety particularly when operating a weapon system in training mode.  Use of actual equipment opened up the potential for mistakenly being in operational mode when the weapon system should have been in training mode.  Requirements need to ensure that designers will carefully consider building in differences in operational and training displays and or designing switches and warnings to ensure that switching from one mode to the other is a conscious and deliberate act.   One of the groups focused their human factors comments on the effects of stress on training.  Particular emphasis was placed on including requirements for stress inducing stimuli that affected more than one sense.  Additionally requirements to ensure the training approaches used were well designed and the system included training features such as after action review systems and appropriate levels of fidelity.


Limitations: The participants identified a number of factors limiting the use of EVS. Ready access to the operational equipment was identified as a factor since operational equipment might not always be available, when the trainees might want to use it the most, for example, during transit to the operational theatre. The availability of operational equipment for training is also limited by the need to maintain it.

The lack of support staff for training was also identified as a concern because artificial intelligence is not seen as sufficiently ready or advanced to provide automated tutoring, credible opposing forces, or supporting role players for training. Hence, the technology limitations of artificial intelligence and human behavioral modeling can impose additional workload on others. The challenge of successfully integrating the functionally of ET systems into the human-machine interface of operation equipment is an additional burden placed on both the designers and users that could limit implementation and ease of use.


Other reasons why EVS has not been become more popular as a result of human factors limitations include the practical concerns about the needed infrastructure and maintenance for complex training systems and the lack of tools for ready scenario development, particularly for mission rehearsal.


The workshop participants also thought that the cognitive distance between real and training environments, that is the fidelity of the EVS, and their relationship to training effectiveness, remains a concern due to the limits of technology and behavioral information about the efficacy of ET systems.
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Workshop Session #2: 

Human Effectiveness and Embedded Training Environments

Summary of Discussion


Dr. Dee Andrews (USA) and Dr. Jan Roessingh (NED) facilitated this workshop session centered on embedded training environments and specifically on training management and distributed embedded training modes.  Three presentations were provided for discussion:  


· Training effectiveness of embedded training in a (multi-) fighter environment -Jan Roessingh, Ph.D. (NED) National Aerospace Laboratory; and LTC Gerbe Verhaaf (NED) 


· Developing Effective Embedded Training - Jan Cannon-Bowers, Ph.D. (USA), University of Central Florida Institute for Simulation and Training


· Leveraging Embedded Training Systems to Build Higher Level Cognitive Skills in Warfighters - Mica Endsley, Ph.D. (USA), SA Technologies; Jennifer Riley, Ph.D. (USA), SA Technologies; and Laura Strater, Ph.D. (USA), SA Technologies


Workshop Exercise #2: Mindmapping Embedded Virtual Simulation training management 


For this session, the mindmapping exercise focused on EVS training management and the primary and the five secondary questions below were intended to focus and energize the discussion: 


· How do you manage training in EVS?


· What are viable instructional strategies for EVS?


· What categories of metrics can be used to manage EVS?


· How do you manage training sessions?


· How do you envision tasks currently accomplished by “white cell” personnel?


· How will you manage training in different modes (homestation, in transit, in theater)?


The mindmaps shown below are the group products from Exercise #2 on EVS training management:


[image: image6.jpg]}
A NATO
\4% OTAN






Figure 1: Group 1 Mindmap for Exercise #2
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Figure 2: Group 2 Mindmap for Exercise #2
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Figure 3: Group 3 Mindmap for Exercise #2


For this session, the mindmapping exercise focused on EVS training management and the primary and the five secondary questions below were intended to focus and energize the discussion.  Below is a summary of the outcomes of the joint results of the three discussion groups:


What are viable instructional strategies for EVS?


The simplest instructional strategy seems to just confronting the trainee with a scenario (Scenario Based Training) using EVS, i.e. involving some degree of simulation. Thus, constructing an appropriate scenario is the minimum effort that needs to be made in terms of devising an instructional strategy. This however, can be a major effort in the complex skill domains we are looking at for ET in the military.


Additional instructional strategies that were mentioned are: whole-task training with injection of virtual entities into the training scenario, instructional strategies based on intelligent tutoring (replacing the human instructor), instruction strategies that are based on remotely monitoring of the exercise and providing instructor feedback via radio (e.g. emphasis training), adaptive training, in which parameters of the training environment (level of complexity, speed, etc.) will change depending on progress of the trainee.


It can helpful if ET developers structure Advanced Organizers for the training. David Ausubel (????) posited that it is important to present to learners a cognitive scaffold of the material to be learned before they begin learning the details. Ausubel's advance organizer can best be classified as a deductive method. Deductive methods or reasoning provide the rule to follow then the example leading to the correct answer or learning (Mayer, 2003). This is opposite from inductive methods or reasoning that provides the example to follow then the rule. 


Advance organizers are also highly useful in the process of transferring knowledge. Because of the deductive reasoning, students are able to use the rule then the example for learning to occur. Mayer writes in his text, "...the effects of advance organizers should be most visible for tests that involve creative problem solving or transfer to new situations, because the advance organizer allows the learner to organize the material into a familiar structure" (Mayer, 2003). 


· Mayer, R. (2003) Learning and Instruction. New Jersey: Pearson Education, Inc


Part of the instruction strategy could be that while being deployed, e.g. in Afghanistan, that trainees can “reach back” to their home country, e.g. a school or any other training resource.


Finally, cross-training was mentioned, i.e. team training in which team members take on other team members’ roles and responsibilities, resulting in shared awareness of the teams tasks, roles, responsibilities and capabilities.


An important instructional strategy that was not mentioned by any of the participants was part-task training. Can we conclude that part-task training is not a viable instructional strategy for ET, because ET, implemented on a weapon platform, is naturally bound to a whole-task context?


If so, the viability of instructional strategies seems to depend on their suitability for imposing the strategy on the whole-task context.


More general remark were:


(1) that the selection of training media should not be done before an appropriate instructional strategy has been selected.


(2) that the appropriate instructional strategy depends on the instructional objectives and the training program as a whole.


What categories of metrics can be used to manage EVS?


Distinction was made between (1) outcome measures (how well the mission / task goals have been achieved), and (2) process measures (how mission / task goals were or were not achieved, e.g. frequencies of certain behavior, communication, mutual support in teamwork, etc.). 


At the same time, because ET relates to complex task performance, there is a need for multiple measures, covering multiple aspects of behavior (behavioral measures, psycho-physiological measures). In addition, the need for analysis of performance- or learning curves was mentioned, an issue that also has been considered under the heading of training management / learning management systems.


Behavioral measures that were mentioned were eye-movement measures (EPOG, blink frequencies, pupil diameter). It was realized that certain performance measures may not be applicable to ET, for example those collected by a human instructor for feeding back immediately to the trainee, because human instructors are not always present in an ET concept, which highlights the need for Intelligent Tutoring Systems. Finally, the need was expressed for getting a measure (cues) for the level of expertise of a trainee before starting the ET session, in order to set the appropriate scenario.


How do you manage training sessions?


ET seems to diminish the role of the human instructor, simply because simulation hard/software is attached to real systems hardware/software, resulting in a training medium that most often doesn’t provide physical space for a human instructor. Thus feedback from a human instructor will often be delayed to some point after the mission exercise, i.e. during an After Action Review (AAR) or mission debriefing. The dual role of the supervisor was mentioned, probably meaning that he is both supervisor of the trainee (senior person) and has an instructional role in deciding what to do next.


An obvious remark is that the instructor could be replaced by an intelligent tutoring system. At a meta-instruction level, the training sessions could be managed by a Learning Management System (LMS). 


How would it interface with the EVS?


Functional requirements imposed upon such system are:


· record keeping of exposure to specific training events (counting);


· scheduling trainee events in order to optimize the learning process;


· scenario configuration management (which scenarios are updated and ready for use);


· persistent trainee profiling (possibly throughout his career) on the basis of performance measures.


How do you envision tasks currently accomplished by “white cell” personnel?


White cell personnel is the support personnel during live exercises, e.g. fulfilling role playing tasks, exercise performance scoring, refereeing, control of opposing forces (SAFs), etc. Some participants hypothesized that ET implementations could make white cell Personnel superfluous by automating their tasks. This is certainly dependent on the level of intelligence and autonomy of the various entities in the ET virtual scenario.


The question was raised whether exercise planning software packages exist, presumably to allocate tasks in ET scenarios to white cell personnel, or rather: Do scenario management systems for real or simulated exercises currently support entities for white cells?

How will you manage training in different modes (homestation, in transit, in theater)?


This question invoked no reactions by the 35 participants, certainly because the session was too short to address all five questions, and this was the last question.
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Workshop Session #3: 

Human Interaction with Embedded Virtual Simulations

Summary of Discussion


This workshop session was facilitated by Dr. Thomas Alexander (GER) and Dr. Sylvain Hourlier (FRA) and focused on interface technology and human effectiveness including sensors and controls, visual perception and decision making (e.g. target detection and identification) within EVS.  Four papers related to EVS interface technology were developed and three were presented; Dr. Godroy was unable to attend due to illness. 


· Embedded Augmented Reality Training System for Dynamic Human-Robot Cooperation Jan A. Neuhöfer, Dipl.-Ing. (GER);  Bernhard Kausch, Dr.-Ing. (GER); and Christopher M. Schlick, Prof.-Ing. (GER), Institute of Industrial Engineering and Ergonomics, Aachen University


· Human Dimensions in Multimodal Wearable Virtual Simulators for Extra Vehicular Activities - Martine Godfroy, Ph.D. (FRA/USA), NASA Ames Research Center/ San Jose State University)

· Embedded Training in a Ground Soldier System- Jean Dyer, Ph.D. (USA), U.S. Army Research Institute for the Behavioral and Social Sciences

· Interaction between Reference Frames: a concern in embedded training -Patrick Sandor, M.D., Ph.D. (FRA), IRBA; D. Hartnagel, Ph.D. (FRA), IRBA; L. Bringoux, Ph.D. (FRA), ISM; C. Bourdin, Ph.D. (FRA), ISM; M. Godfroy, Ph.D. (FRA/USA), NASA Ames Research Center/ San Jose State University; C. Roumes, M.D., Ph.D. (FRA), IRBA


Workshop Exercise #3: Mindmapping EVS interface technology 


For this session, the mindmapping exercise focused on EVS interface technology and the question below was intended to focus and energize the discussion: 


· What are the capabilities and limitations of embedded virtual simulation interface technology?


The mindmaps shown below are the group products from Exercise #3 on EVS interface technology.  Note that the mindmap for Group 1 is missing:
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Figure 1: Group 2 Mindmap for Exercise #3
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Figure 2: Group 3 Mindmap for Exercise #3


There are just two mindmaps available (check if the others have the missing ones). They differ from each other at a basic level. MM1 is more conceptual and addresses capabilities and limitations of EVS interface technology. On the other hand, MM2 addressed special issues of each modality for i/o interfaces and several more general issues with EVS interface technology. 


The first map starts with addressing some of the current capabilities which are already available. An example for this technology is the development of flexible transparent displays, which can be used for fighter aircrafts. 


The second category is future capabilities, which have to be addresses although they are challenging. They focus particular voice recognition, problems of information output and input technology and issues for special applications. Voice recognition is such a challenging topic because some applications (e.g. aerospace applications) are characterized by a noisy environment. This can be partly resolved, e.g. as it has happened in case of the F35. Furthermore, discourse might lead to wrong interpretations. Finally there is the intelligibility.  With regard to the output of information, some issues with visual displays were addressed as an example. In case of aerospace applications, an HMD-like see-through display would be first choice. In case, training includes visual tasks, simulated, computer-generated forces have to be visualized on the HMD. From a technical point of view, this puts high demands on the head tracking to allow correct angular velocity of the targets for a consistent information display. 


Input technology requires new types of sensors and of sensor-data fusion. Sensor images have to be consistant to establish a realistic correspondence between each other. Some more general issues which have to be addressed with future challenges are capabilities for instructor input. An EVS system has to facilitate instructors input throughout training. This raised the issue of connecting multiple platforms with each other and integrating white-cell personnel on a technical level. Another more general issue addressed the simulation of motion with a static vehicle. Yet, motion is only induced by visual means, which might result into negative effect, e.g. motion sichness. Participants noted that, especially on C2 systems, chat boxes are increasingly used. It might help to include Web 2.0 methods and technologies to include the same into training systems. This will enhance interaction and communication between trainer and trainees. However, it is unclear how this can be included into the EVS concept.


The third category addresses limitations inherent to the concept of EVS which cannot be resolved. The address more general issues of EVS. In addition to technical problems with the integration of EVS hardware into existing systems, i.e. weight and dimensions, it is unclear whether the real system is always the best training system. This might be true for some phases of training, but not necessarily for every phase. Therefore, EVS should be considered as a part of education and training, which extends traditional training and does not replace it. It is still unclear, how EVS can be integrated into existing platforms, because they are sometimes highly modular with no general, common interface or bus system. E.g. the fire control system is often not connected to the weapon system and has to be operated manually. In this case, EVS cannot be consistently integrated. Another general issue is the legal issue of the EVS system and the database. It is unclear, if the fully embedded EVS can be fully integrated into the operational system when the operational system is already fielded. Therefore, options of straped-on EVS have to be considered accordingly.


With regard to limitations and capabilites, the second mindmap differentiates between the modalities of displays and input interfaces. 


With regard to the modality of the display, most information is perceived by the visual modality. There are various displays in operation already, which allows integrating synthetic additional visual information into the sight. Examples of these are thermal or night-vision displays. They present additional information which is different from reality sight. Technologies from the field of Augmented Reality (AR) facilitate the integration of additional information into real sight. But yet, the consistent integration of geometric information into the sight is a problem because of occlusion and cluttering with reality. It might also require a complex calibration of the EVS system’s components and displays. But such displays are not limited to EVS, instead they might also be used to support the soldier during mission execution because they can also be used to present blue and red forces. Thus, the technology is not stand-alone but cross-application.


There are also capabilities of presenting EVS information through the aural modality. Today, 3D sound is widely available, which facilitates a realistic simulation of the aural environment. But there is a large variability of human performance. This might limit the applicability of sound in EVS systems. The aural modality can be used to direct (and, thus, control) attention. At this point, it is unclear which types of sound to use and how to specify aural symbology. Research is required in this field to use it successfully.


First haptic displays are currently being analyzed and examined for various purposes. Examples are various tactile vests and tactile belts, which can be used to display symbolic (haptic icons) and directional information. However, these prototypes are still topic of research and it is unclear how they can be used within EVS systems.


The relevance of the kinesthetic modality differs from each other between applications. Kinesthetic simulation requires a relatively large investment and special technology. For aerospace operations it is considered to be important, while ground operations vastly require kinesthetic cues. Cross application it is important that kinesthetic cues, either available or not, has limitations and might induce negative side-effects like disorientation or motion sickness. 


Input interfaces often require special sensor technologies, which are not always available today. This is critical when operator actions have to be captured, e.g. head movements for a consistent display of geometric information. The benefit of EVS is that it can widely rely on the existing technology and available controls of the operational platform. This limits variability, but enhances realism and reality of the training environment. An open issue is the integration of feedback. E.g. force feedback requires additional technology which is connected to the real controls.


It is obvious, that the use of multi-modal information presentation requires a careful integration of each display in order to prevent a cue conflict and following negative side-effects.


The second category of the mindmap raises open questions about general issues. A very important one is safety. In addition to certification issues, the overlap between simulation and reality is minimized. In an ideal EVS system, the soldier will not be able to tell the difference between both. Thus, it is unclear if a failure is simulation or real. Unlike in traditional simulation, EVS has to include a method to present and to remind the soldier on the mode the system is in. The soldier has to be aware what is real and what is simulated, otherwise dangerous situation might appear. This is especially crucial for aerospace operations with high g-loads. EVS cannot be considered as one solution for each application, instead EVS can serve as a method and means at special phases of training. Integration of EVS always requires a close consideration of its benefits, because it comes with costs of increased weight, size, costs, workload, fatigue and energy. However, because some of its capabilities might be used for other purposes than training as well (e.g. augmented reality).
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Workshop Session #4

Learning and Human Effectiveness in Embedded Virtual Simulations
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Workshop Session #4: 

Learning and Human Effectiveness in Embedded Virtual Simulations

Summary of Discussion


This session was facilitated by Ms. Claudy Koerhuis (NED).  Student modeling, coaching strategies and tutor perception and their relationship to EVS were discussed.  Four papers were presented as noted below:

· Making a case for machine perception of trainee affect to aid learning and performance in embedded virtual simulations - Robert Sottilare, Ph.D. (USA), U.S. Army Research Development & Engineering Command – Simulation & Training Technology Center


· Intelligent tutoring methods for optimizing learning outcomes with embedded training - Randy Jensen (USA), Stottler-Henke; Jeffery Mosley, Ph.D. (USA), Optimetrics, Inc.; COL Michael Sanders (USA), DoD Modeling & Simulation Coordination Office; and MAJ Jason Sims (USA), U.S. Army Command and General Staff College


· Spoken dialogue: extending embedded virtual simulation with a very human dimension - Benjamin Bell, Ph.D. (USA), Chi Systems, Inc.; and Philip Short (UK), Aerosystems International Ltd.


· Intelligent agent-supported autonomous training in virtual simulation environments - Annerieke Heuvelink, Ph.D. (NED), TNO Defense Security and Safety; Karel van den Bosch, Ph.D. (NED), TNO Defense Security and Safety;  Willem A. van Doesburg (NED), TNO Defense Security and Safety ; and Maaike Harbers (NED), TNO Defense Security and Safety


Workshop Exercise #4: Mindmapping learning in EVS 

For this session, the mindmapping exercise focused on technology (tools and methods) to enhance learning in EVS.  The questions below were intended to focus and energize the discussion: 


· What are the factors enabling/limiting learning in EVS?


· When is the optimal time to provide feedback in EVS?  On error, on trainee request, other?


· How much human involvement is required to support learning in EVS and how much can be delegated to intelligent agents?


· How is feedback provided to trainees during embedded training?


 


The mindmaps shown below are the group products from Exercise #4 on learning in EVS.  
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Figure 1: Group 1 Mindmap for Exercise #4
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Figure 2: Group 2 Mindmap for Exercise #4
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Figure 3: Group 3 Mindmap for Exercise #4

The three mindmaps above resulted in four common themes: feedback methods, feedback frequency, automation and learning enablers/limitations.  Each is discussed below:


Feedback Methods: The groups identified different methods to provide feedback (e.g. via human instructor or via intelligent agents) and concluded that this feedback can be both intrinsic and extrinsic.

The groups identified two important points related to feedback delivery:

· Feedback should be presented when trainee’s actual performance varies sufficiently from expected performance

· Feedback should be adapted (modified) based on knowledge of trainee’s performance


Feedback Frequency: The groups identified three important points related to feedback frequency:


· Feedback frequency should be task dependent

· Feedback should be triggered by mistakes


· Feedback should be triggered by trainee requests

Automation:  The groups thought more automation was needed in training and reinforced the following points:

· Automation should be provided in situations where human tutors are either unavailable or that it is not practical/cost effective.

· Automation should be provided for training support functions to help reduce costs. 

· Intelligent agents require additional development in the areas of tutors, scenario directors, coaches, player agents (team members) and process management agents


Learning Enablers and Limitations: The following learning enablers/limitations were identified:


· Increased availability of training through EVS as training goes with the Warfighter (enabler).


· Limited availability of instructors/support personnel for EVS (limitation)


· Limited capabilities of current intelligent agents (e.g. tutors) including adaptiveness and ability to motivate trainees


· The need for more natural interfaces/interaction with virtual simulations (limitation)


· Incomplete understanding of trainee state based on methods (limitation)


Each of the limitations noted above are also opportunities for future research.
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The theme of the Workshop was to identify gaps and to offer potential solutions to allow for effective implementation of embedded virtual simulation. It focused on summarizing previous and on-going research and development efforts that address the human dimensions of embedded virtual simulation for military applications. The workshop included experts from military, industry, and academia, and offered opportunities for dialogue and exchange of ideas.
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