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Abstract
Simulation, which has enjoyed a long and successful history in many NATO training communities, is facing new challenges brought on by urgent training needs in areas that stretch the capabilities offered by conventional simulation techniques. Of particular relevance to NATO are training needs such as cultural awareness, communication and team coordination. NATO member nations have active and growing research and development efforts underway to extend traditional simulation in order to meet these and other emerging training needs. A key question to address is whether we as a community are harnessing modelling and simulation to meet these challenges out to 2015.

This paper will summarize some training needs that have been identified as priorities among NATO members but that are not being adequately addressed by simulation. We will postulate some of the reasons why and propose some specific approaches that extend the reach of simulation in directions that directly address unmet training needs. We will show specific examples of our approaches that are solving tangible training problems among NATO constituencies and discuss how this approach can be broadly applied across a spectrum of training settings.

We focus on three representative areas: cultural awareness, communication, and tactical team training. Current practices, such as distributed exercises blending live, virtual, and constructive players, provide valuable training. But the benefits that distributed team training affords could be significantly extended if training were made available to individuals or teams on an as-needed basis.
1.0
current practices in training “Skills beyond fighting”
Combat operations across sea, land and air domains amalgamate a complex assortment of skills that are typically mastered over a lengthy sequence of academic instruction, training exercises, and apprenticeship learning on-the-job. Tactical skill sets associated with, for instance, “fighting the ship”, basic fighter manoeuvres, or calling in air strikes are widely practiced in both live and simulated exercises. A second type of skill set is gaining increasing importance, as forces are more joint and coalition in composition and as missions are increasingly conducted against an asymmetric adversary and complicated by proximity to and political reliance on non-combatants. This second category of skill set emphasizes “soft” skills that enable team coordination, effective communications, cultural awareness, and an understanding of the human terrain. 

The most widely-practiced method for training such non-kinetic skills, or “operations other than war,” 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. For skills that emphasize interaction with persons from unfamiliar cultures, the training is increasingly conducted using actors (often with ethnic roots in the culture of interest) who play roles to support the events being simulated (for instance, village elders, religious leaders, insurgents).

Despite the widely-accepted view that such techniques deliver effective training, there are cost and access penalties incurred by live or virtual team exercises. 

1. Many participants in the exercise may not be getting effective training. Such “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.

6. The laws of supply and demand conspire to allow paid experts to command high fees. 

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 [1].
The challenges summarized above affect military training across a broad spectrum of skills. The problems though are more salient in the non-kinetic/non-fighting skills, which, broadly speaking, are already under-represented in training as well as in the technology to support such training.
2.0
example training gaps
The problems identified above are best illustrated with examples. We discuss two categories of non-fighting skills that are each essential enablers in combat operations: cultural awareness and team communication. 
2.1
Cultural Awareness

Cultural awareness has only recently emerged from obscurity as a military training need. In the UK for instance, the MOD are proceeding with plans to construct a replica Middle Eastern urban environment on a 30,000-acre site. In the US, soldiers training at the National Training Center (NTC) practice interacting with locals in Medina Wasl, a simulated Iraqi village. These examples reflect the growing recognition that the skill with which military forces interact with members of other cultures is often critical for their survival and mission success.  Cultural familiarization and understanding of group differences are especially critical to security forces that are responsible for managing potentially dangerous situations in foreign settings.  The ability to accurately assess and effectively respond to the motives and tendencies of indigenous populations is a key objective of cultural awareness training.  

Nonetheless, cultural awareness training suffers from a quite austere catalogue of available training options. While training rotations at the NTC are beneficial to US soldiers, they do not address the issues of skill retention, access to training (at home station or deployed), training standardization, scenario development, or distribution and updating of training content, to name a few.
2.2
Communications

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 programmes 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 [2]. 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. 

2.3
Tactical Team Training

Tactical team training, though ubiquitous in military forces, is typically limited to live or virtual team training, with few opportunities to practice coordination skills outside of scheduled exercises. 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 maritime training, specifically bridge team training. Fleet training facilities typically include high-fidelity bridge simulators that enable teams to practice driving the ship and working together. But often it is the simple verbal commands that can trip up a novice watchstander and interrupt training for the entire team. Opportunities to practice the spoken dialogue expected among bridge teams is limited to these sessions and so once again there are access limitations that lead to poor performance and washout (it is not unusual to see failure rates of fifty percent in navigator training, for instance). 

3.0
Synthetic Teammate Approach to on-Demand Team Training

On-demand team training has the potential to address the training deficiencies presented above. For individual and team training to be truly “on-demand”, three important requirements must be met: the training must be accessible when and where the user needs it; the presence of an instructor must be optional; and the presence of human teammates and adversaries must be optional. In order to meet the challenges presented by on-demand team training, 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 behaviours. 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).

To meet these needs, we employ cognitive modelling using our computational development tool, called iGEN®, for encapsulating human expertise and behaviour in synthetic agents [3]. The sophisticated cognitive agents that iGEN enables can unleash the potential for dialogue-capable synthetic teammates to reduce reliance on human role-players and make team training more accessible, less costly, and more standardized. 
We have integrated this cognitive modelling approach with full speech interaction for a US Navy program called Synthetic Cognition for Operational Team Training (SCOTT) [4]. SCOTT is a simulation-based practice and training environment in which a single human crewmember of an E-2C tactical crew can train in cross-platform coordination skills by interacting verbally with synthetic teammates, both on and off the E-2C. More recently, we developed Synthetic Teammates for Realtime Anywhere Training and Assessment (STRATA), a Close Air Support (CAS) trainer built on the progress made under SCOTT but using more sophisticated cognitive modelling and more advanced speech technologies [5]. The emphasis in STRATA was to take seriously the notion of “on-demand team training” by making the instructor and the other CAS team members, such as the Forward Air Controller, entirely optional. 
4.0
ExampleS of “Train as we fight” for skills beyond fighting
4.1
Cultural Awareness

The principal of a synthetic agent-driven immersive training environment for “non-fighting” skills is aptly illustrated in the Virtual Environment Cultural Training for Operational Readiness (VECTOR) system, developed by CHI Systems originally for the US Army Research Institute with recent involvement from the US Air Force Research Laboratory (AFRL). VECTOR uses highly experiential, scenario-based training in virtual environments to teach culturally adaptive interaction skills related to military police and military intelligence tasks [6]. The VECTOR system couples a commercial game engine with an executable cognitive architecture to provide a highly interactive and intelligent agent controlled training environment where users can learn cultural knowledge and practice interpersonal interaction skills.  
VECTOR promotes a high degree of human interaction with the indigenous Non-Player Characters (NPCs), as the user encounters prototypical social contexts and military situations.  The effects of the user’s actions, either positive or negative, are reflected in the actions and affective state of NPCs within the game.  The scenario events provide the user with cues about the consequences of particular actions or omissions.  The outcome of the simulation is, thus, not predetermined, but instead depends on users interpreting and reacting to the evolving scenario.  The NPCs have predefined roles, tasks, and motivations.  Some external events happen at fixed times, while others happen on the basis of proximity or other contingencies.  The scenario then plays out on the basis of the user’s actions in the environment and the NPCs responses.  The result is a highly interactive, realistic virtual environment for cultural familiarization training.
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Figure 1 depicts a typical scene in a VECTOR scenario. Users control their own avatar and interact with NPCs controlled by their respective cognitive models. The user can monitor the other characters’ affective dispositions as the mission unfolds, and is provided with an automated debrief at its conclusion. Immersive training allows the user to learn and practice skills within the context of a game where the user’s actions have a direct result on an evolving simulation.  Thus VECTOR is an effective solution to the training problem of developing cultural sensitivity and understanding among users who otherwise have limited access to this sort of practice environment. 
4.2
Communications

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 [2]. 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 [7]. 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 [8, 9] 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 2 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.  
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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.
VIPERS provides instructor-optional guided practice and feedback in radio communications skills and decision making in the JPATS overhead pattern. The combination of PC-based simulation, intelligent, speech-interactive synthetic teammates, and speech recognition and synthesis 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. This programme is thus another illustration of how speech-interactive synthetic teammates can offer solutions for training non-kinetic combat skills.
4.3
Tactical Team Training

Navies throughout the globe require new training approaches to support emerging reduced manning ships, such as the US Navy’s DDG and LCS and the UK Royal Navy’s Type 45. Legacy training methods require peripheral training personnel and assets that increase the cost of training and complicate the scheduling and logistics of conducting training.  Moreover, reduced manning environments will require ship crew who are trained to stand watches and perform tasks across a broader variety of duties and who are trained to work more effectively as a team than ever before. Reduced manning will also mean that there will be fewer instructors available to lead and monitor training and fewer qualified personnel to perform the peripheral roles (e.g., as supporting team members and adversaries) than typically assumed for team training exercises.  
To address this gap, we have developed a prototype Synthetic Maritime Training Environment (SMARTE), a synthetic-agent-based system that employs our cognitive agent architecture in concert with a COTS ship simulation product (FleetmanDX, from DT Media, Ltd.) to provide on-demand maritime team training [10, 11]. Synthetic watchstanders in SMARTE will provide enhanced training opportunities by performing behaviours (such as temporarily leaving a watch station, or committing intentional errors) that test the user’s situational awareness and ability to provide team back-up. The synthetic agent’s actions will be part of a scenario designed to provide training in both ops-normal and off-nominal situations that test decision-making and teamwork in unusual circumstances and emergencies. Because speech communication is an important part of being able to function as a team, the synthetic agents are able to communicate verbally with the user.
Figure 3 shows an example display. The user assumes the role of the Officer of the Watch (OOW), and must verbally respond to conning instructions from the commanding officer and coordinate actions with the helm. Because team training must include exposure to teammate errors, the synthetic helmsman can commit errors to elicit error detection and back-up actions from the user. Although SMARTE is in preliminary stages of development, the programme illustrates a facet of tactical team training seldom addressed in simulation – team coordination training for individual users (i.e., without the need for the full team to be present).
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5.0
Conclusion

Joint and coalition forces are facing growing training needs for operations other than war, non-kinetic warfare, cultural awareness and human terrain. Conventional exercises offer effective training but are limited in availability and thus training access remains an impediment to readiness across the force in these “beyond fighting” skill sets. Traditional approaches to simulation have emphasized mechanical, systems-oriented skills and solutions to these urgent gaps remain elusive.
One approach that offers promise is to combine simulation with intelligent, speech-interactive agents that populate scenarios and interact with users. These synthetic teammates can replicate team training situations and offer a user the chance to practice communicating in spoken dialogue. In this paper, we identified three example training needs: cultural awareness, communication, and tactical team training. We sketched an architecture based on a cognitive modelling environment and provided examples of three programmes created using this approach (addressing the example needs we identified, respectively).

One point worth noting is that, despite these examples being hosted on PCs using lower-fidelity simulation products, there is nothing about the cognitive architecture that limits this type of solution to desktop or laptop computing. Integration of this technology with full-fidelity mission simulators is readily accomplished due to our adherence to standard interoperability protocols such as HLA and DIS. In upcoming work, we will showcase this very notion, integrating our cognitive technologies with higher fidelity synthetic environments.
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Figure 3: Example screen from SMARTE maritime training application.





Figure 2: Example screen from the VIPERS communications training programme.





Figure 1: Example screen from a VECTOR cultural training application.
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