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Abstract
The first publications about Embedded Training (ET) date from at least three decades ago. Since then, the take-off into operational use of ET has been fairly limited. Now that technological and non-technological obstacles have been vanquished, the time has come to exploit its near term benefits. ET has the potential to enable training in all phases of fighter pilot training, from the initial phase, up to operational mission rehearsal in the last moment prior to the actual mission.

To enable Embedded Training (ET), Embedded Simulation (ES) needs to be implemented in the aircraft. For the use of ET, fundamental training capabilities are required, including realistic scenarios, opponents and targets, realistic interactions with sensors, performance assessment and feedback. ET enables a full range of capabilities for aiding, learning and practicing individual and team competencies.

This paper investigates the possibilities that ET provides to improve current and near future fighter pilot training. Three main fighter pilot competencies are indicated for which ET clearly has added value. For initial training these competencies are information handling and weapon system handling, and for the continuation phase these are primarily tactical skills that benefit from ET. 
The paper reviews current training for fighter pilots and indicates the supplemental value of ET in a re-design of existing training. This re-design, taking a Competency Based Training approach, offers the potential of more efficient training. With ET, the improved efficiency can be capitalized. This paper therefore addresses the requirements that operational end-users (fighter pilots and instructors) may impose on the ET. The paper identifies possibilities that ET provides for user interactions, instruction and training management and discusses the affordability of ET. In the identification of these requirements, a two-pronged perspective is advocated: first, a training-needs-perspective and second a system-engineering-perspective.
1.0
INTRODUCTION
The purpose of Embedded Training (ET) is to make use of operational equipment, in this case aircraft, in a way that operators (pilots) can train more effectively. Embedded Simulation (ES) is the enabling technology for an ET system, and comprises simulations that reside within or are appended to the aircraft.
According to the ‘Handbook of Human Performance Technology’ (Pershing, 2006) there is a trend to move training as close as possible to the work situation, both to save time off the job and to increase the likelihood that the worker actually will use the new knowledge and skills. ET removes the learning obstacle of theory’s passivity when stripped of its context (Lesser, 2011)
The possibility to perform ET exercises during deployment, just-in-time for the war fighters to gain or refresh expertise for the actual mission tasks, 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 frequent out-of-area deployments and reduced opportunity for training in the homeland. Extended periods of forces deployment to international theatres of war limits access of war fighters to resources required for training. This particularly affects continuation training, including refreshers, mission training and mission rehearsal. However, when used in the homeland, ET would also increase the efficiency of training, likely with reduced environmental impact (noise and emissions), when compared with traditional ‘live’ training. 
ET enables training of the full mission cycle, on a day-to-day basis, with more realism than with conventional equipment. ET reduces the need of mimicking adversary assets with ‘role playing’ live assets, and reduces the high costs for equipment, logistics, planning and personnel imposed by the use of instrumented ranges.
The training medium or the Embedded Training system of concern in this paper is ‘Embedded Simulation’ (ES). ES is the medium with which ‘constructive elements’
 are added to the air crew’s perceived reality. These constructive elements can take the form of simulated threats, weapons and counter measures, of either the enemy or the own side. The simulation on-board the aircraft may also generate observable effects of these constructive elements, such as signatures and impact effects. The embedding of such constructive elements is a conditio-sine-qua-non for a training scenario containing relevant ‘learning events’. With these scenarios, ET may be an effective and efficient supplement to ‘live training’ at an (instrumented) range and a supplement or alternative for training with ground-based simulators.
Hence, ES, as an on-board simulation technology, is the technical enabler of ET. The interactive simulation may be accommodated in the aircraft systems, or in systems appended to the aircraft or the flight crew. In this paper, we assume that the flight crew is the primary audience for embedded training. It is however possible that ET also provides training value for other audiences, which, connected via data link, are situated at a different location (e.g. a command centre). Instructional means (including instructors) may also be remotely located from the ES equipped aircraft. ET thus provides various possibilities to support individual and team training.
ET can be considered as an uncomplicated version of Live-Virtual-Constructive (LVC) training, that is, LVC without the virtual (V-) elements. These V-elements are the ground-based man-in-the-loop simulations. ET just contains the aforementioned Live (L) and Constructive (C) elements. In comparison to LVC, ET lacks the relative complex organisation of personnel and assets and the associated high costs that accompany the set-up of LVC training.
2.0
ET in A CONTEMPORARY PILOT TRAINING DEVELOPMENT APPROACH 

During the past two decades, a turn has taken place, in both the civil and military training domain, from the rigid hours-based collective training programs, to a more personalised, and flexible Competency Based Training (CBT). The keynote for CBT is the development and establishment of competencies (combinations of skills, knowledge and attitudes). This approach has since been integrated in guidelines relating to training and licensing of air crew. Guiding principle for CBT is the plight that, as a result of the training, trainees are able to demonstrate the targeted competencies under specified conditions and eventually in realistic operational mission conditions. Embedded Training connects well with the CBT approach since the demonstration of competencies under realistic operational mission conditions is almost self-evident in this type of training. Other considerations about ET that promote the effective and efficient implementation of CBT are:
· ET 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
. 
· Similarly to LVC training, ET is particularly suited for training in a whole-task/ full mission context.
· Unlike other high-end training media, an ET system is deployable to bare-base conditions.

· The high fidelity of the flight and mission environment reduces the risk for negative training. 
2.0 Fitting ET into a Training Program
2.1 General 

Fighter pilot training proceeds through several stages of initial training and continuation training. It includes elementary training, basic flight manoeuvring, fighter qualification, basic tactics, theatre qualification, advanced tactics and mission rehearsal directly preceding the in-theatre sorties.
The decision to include a certain training method in a training program is usually governed by the expected efficiency and effectiveness of the training method. Expected Transfer-of-Training (ToT) of the training method is a central concept to this decision, because it is a quantifiable measure of the efficiency of the training method. Pilots confronted with an actual battlefield situation (‘situation B’) will try to apply the solutions or operative procedures that they have exercised in training (‘situation A’). When performance in situation B is made easier after training in situation A, transfer is said to be positive. Transfer from A to B could also be negative (or null) when the effects of training on the pilot’s performance in situation B are negative (or absent). ToT of ET would primarily depend on the actual training capabilities of the Embedded Training system (the ES), including its capability to simulate mission scenarios, its capabilities to deliver training and instruction and its usability at the squadron and training-organization. 
Taking the assumption that ET has a positive effect on actual battlefield performance (ToT>0), the position of ET in a training program further determines the magnitude of the effect. ET could be used in the early stages of initial training (i.e. when the ES would be implemented on a trainer aircraft). In such case, different Desired Learning Objectives (DLO’s) would have to be addressed than when implemented on a fighter aircraft for operational use. 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, e.g. making use of ground-based simulation or instrumented ranges for live weapons firing. 

2.2 Possible training tasks and learning objectives for ET

In theory, ET can be used for training of all tasks on-board an aircraft that may need to be executed in-flight. However, because of current limitations in technology, such as the limitations in the display of simulated entities, in the visual field of the pilot, other forms of training are still required. These could be, for example, ‘live training’ using mock-enemies or ground-based simulation. Particularly for air-to-ground and close-range air-to-air tasks, realistic visualisation of targets is difficult. Therefore, the focus here is on scenarios in which the visibility of simulated entities in the out-of-the-window view is not a critical component of the tasks to be trained. An example scenario of a typical fighter air-to-air engagement for a flight of F-16’s could include the following tasks (Roessingh, van Sijll and Johnson, 2003):

(1) In the detection and localisation task, locations of targets are communicated by GCI or AWACS or are obtained via the on-board radar display. It is also possible to detect and localize targets using the Radar Warning Receiver or other sensors. 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). 

(2) Identification (ID) is a mandatory step prior to weapons employment, preferably done via electronic means (Electronic Identification, EID) at longer (BVR) ranges, using IFF equipment, RWR indications, aircraft emissions, radar or IR signature. In some cases, however, Visual Identification (VID) remains necessary. VID would only be possible when the pilot is able to see discernible features of the (simulated) target, such as plane shape, number of vertical tails, inlet shape, etc. In such case the range between the two aircraft is typically inside 5 NM. Once target ID is determined, the pilot must decide whether the target should be declared ‘hostile’.

(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 pre-flight briefing. Flight members target and further divide responsibility for targets (sorting) at a pre-planned range, usually ‘Beyond Visual Range’ (BVR). 
(4) The engagement phase is very intensive, decision times are short and the attack is characterised by a highly dynamic environment and intensive team-co-ordination. To train a ‘Within Visual Range’ (WVR) engagement would pose a considerable challenge for development of an ES (see Roessingh et al, 2003). However, BVR- and other components of the attack phase can be realistically trained with ET. Examples of these tasks are to maintain situation awareness with the other flight members, monitoring the own-ship energy state, weapon selection and (simulated) weapon release.
This scenario samples a few tasks that a flight of F-16’s would need to do with e.g. in a defensive or offensive counter air mission. The actual tasks would be rooted in rules of engagement, game plans, complex tactics and weapons employment that will not be detailed here. The scenario however provides an impression of the type of tasks that may be trained with ET.
2.3 Training program design example: F-16 Wingman training
In order to learn the type of tasks discussed in the previous section, Van der Pal, Rivecourt, & Boland (2009) proposed a new syllabus for the training of the Royal Netherlands Air Force pilots. More specifically, a new syllabus for initial training of the F-16 wing man was proposed. 
Van der Pal’s et al. analysis and the subsequent design and implementation of a training program was based on training analysis, taking into account mission characteristics (mission systems, environment, mission demands and processes), task analysis, analysis of trainees / target groups and training objectives.
The F-16 Wingman competencies were structured in a hierarchical way as shown in figure 1. Five main sets of competencies were identified: ‘Mission planning’, ‘Flying’, ‘Information handling’, ‘Weapon systems handling’ and ‘Debriefing’. The arrows between the competencies ‘Flying’, ‘Information handling’ and ‘Weapon systems handling’ indicate that these competencies may be executed simultaneously. Simultaneous relationships imply complexity, which may be reflected in the training program.

The hierarchy represents a logical skills structure that is relevant when making training decisions: the lower level skill supports or enables a higher level skill. In a whole-task training method, using Embedded Training, most higher level skills would be addressed from the very start, while enabling skills would not be in place yet. The training designer would have to ensure sufficient training support (e.g. through direct instruction) or consider part-task practice on the lower-level skills. 

Competencies that have an enabling function for a multitude of skills or that are in use in various phases of a mission are supportive in a generic sense. Such ‘supporting competencies’ are not included in the hierarchy, since these competencies are more abstract and less task-related than the competencies in the hierarchy. 
Note that a higher level does not necessarily indicate importance. The complete set of debrief skills, for example, is less important than the lower-level monitoring skill during execution of the game plan. Critical or essential competencies are marked by red borders in figure 1. Attitudes, knowledge or personality traits may have been expressed as supporting a particular skill or a set of skills.

[image: image5.jpg]}
A NATO
\4% OTAN




Figure 1: F-16 Wingman competencies (Van der Pal et al. 2009)
Considering the full competency profile, it was decided that using the aircraft as a weapon platform, while still familiarizing to the F-16, was deemed unfeasible. This would demand too much from students, increasing workload beyond reasonable limits. A transition block consisting of a single ‘Aircraft Handling’ module has therefore been designed to provide the students with enough basic flying skills to be able to start using the F-16 as a weapon platform. After this transition block, the second block ‘Weapon System Handling’ was introduced in which the whole task principle can be applied. At the end of that second block, the student is mission qualified as a wingman and can be placed at an operational squadron without further formal training. The second block contains five modules which are sequenced from simple to complex, using operational conditions as variables to build up the modules. 

The new approach leads to a considerable reduction in the number of ‘building blocks’. For example, Night flying, Night Vision Goggle training and Air to Air Refuelling are all integrated in the Weapon System handling blocks.

Table 1: current F-16 IQT MQT syllabi compared to the new WM F-16 syllabus
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In comparison to current F-16 Initial Qualification Training (IQT) and Mission Qualification Training (MQT) syllabi, the new Wing Man (WM) F-16 syllabus (see table 1) shows a considerable decrease of training hours, while including 4v4 missions and Targeting Pod (TGP) practice. The new syllabus therefore is expected to result in higher overall operational capabilities of the trainees requiring less training time compared to the current syllabus. The reduction in Air-to-Air (A/A) hours seems more drastic than it really is. This is due to the fact that most Air-to-Ground (A/G) focused missions have at least a small period of time reserved for A/A. The reduction in training time is achieved as a result of: 

· retention of both A/A and A/G skills are expected to last longer as a result of the continuous exposure to either A/A or A/G tasks in the majority of sorties;

· expected reduction of integration dips (which results from combining skills that have been trained separately before).
It should be noted that even though the number of training hours will decrease, the new syllabus does require more red and blue air support. The syllabus uses red air encounters in almost all modules and more and earlier sorties are being flown in 2-ship formations. Also, 4-ship formations are introduced in this syllabus where these were currently not included in initial training. 
2.4 How can ET support the proposed F-16 Wingman Qualification Training?

The F-16 Wingman profile consists of five main competencies of which three are required during the mission; Flying, Information Handling and Weapon System Handling. Except for some psycho motor skills, Information Handling and Weapon System Handling consist mainly of cognitive competencies. From (instructor pilot) experience it is clear that these competencies are the most difficult to teach and to learn. The new training approach supports the acquisition of these competencies and ET can support the training approach by providing whole task training, adaptation to personal (trainee) needs, facilitating instructors (training management) and providing savings during whole task missions requiring blue and red air support. These factors are further elaborated on the following paragraphs.
3.0 END user requirements for ET
3.1 General
User requirements for Embedded Training must actually be generated proceeding from two different specialties or directions of thought. 
First, requirements must be generated starting with the need for training for the operational weapon system (i.e. the fighter aircraft). For mapping out these training needs and the eventual requirements imposed on the ET system, training specialists have so called ‘training analysis methods’ at their disposal. As an example we included the analysis for the F-16 wingman training program design in the previous paragraph.
Second, requirements must be mapped proceeding from the operational use of the ET system as an integral part of the aircraft. After all, using the ET system implies using the aircraft.  
This, in turn, stresses the difference between ET and traditional training methods, just using the aircraft without on-board training equipment or just using ground-based simulation. For an ET system, training requirements and operational user requirements are more strongly tied together than with traditional training systems and weapon platforms. These strong ties need to be taken into account by those responsible for weapon system requirements and training systems requirements. The operational requirements people and the training requirements people should adapt their working processes accordingly. 

Since the implementation of an ET system deals with the operational equipment, user requirements should also be identified using a systems engineering approach (see e.g. System Engineering fundamentals, U.S. DoD, 2001, Chapter 4). 

The importance of defining user requirements is fundamental to the success of ET. Although this may often appear to be stating the obvious to the practitioner, the user requirements are the basis for a production or delivery contract, and user requirements that have not been made explicit are unlikely to appear in the end product.
In this paper, requirements are discussed in terms of supposed need, not solution. These user requirements should nevertheless be achievable and consistent with other requirements at the user level. For the purposes of this paper, we make an attempt to classify user requirements under three headings: (1) user interaction requirements, (2) training management requirements, and (3) affordability requirements. 
3.2
User Interaction Requirements

Under ‘user interaction requirements’, five classes of lower-level requirements for ET are subsumed, which are listed in table 2.

Table 2: classes of ‘user interaction requirements’ for ET

	Requirement class
	Meaning

	1
	Realism of the environment
	The required level of realism of the training environment, e.g. in terms of visual cues, motion cues, aural cues, etc.

	2
	Realism of the CGFs
	The level of sophistication of other entities (i.e. other than the human operators) that are required to constitute an effective training scenario. In most training scenarios synthetic entities, e.g. entities representing the enemy, must be included in the scenario to create meaningful learning events. The constituting models of e.g. weapons, behaviours and effects need to have an adequate level of realism. 

	3
	Suitable for training of teams
	When the ET is meant for the training of teams, the ET system should support communication and coordination between team members. 

	4
	User friendly
	The ET system should be user friendly

	5
	Safe
	ET and interactions with the ET system should be safe to use


The authors devised this classification for practical purposes, merely based on experience, covering the most important aspects only. The five classes of human-interaction requirements are shortly discussed in the next sections.

3.2.1 Realism of the perceived environment

The main hypothesis underlying the need for realism in training is that performance of trainees and the processes involved in ToT, are largely linked to the similarity between the tasks the trainees have to perform during training (‘situation A’) and the tasks they have to perform in actual missions (‘situation B’). While legacy training simulators may be based on application of virtual reality techniques, ET systems will more often rely on the application of augmented reality techniques to provide a view on the real world whose elements are augmented by computer-generated sensory input, such as sound or graphics. 
3.2.2. Realistic Behaviour of CGFs
CGFs are fully automated representations of friends, adversaries, or neutral ‘characters’. Just like requirements for perceived realism, user requirements related to CGFs need to be primarily driven by training objectives. The first implementations of CGFs for fighter aircraft (see Krijn & Wedzinga, 2004, Bills et al., 2010) concerned adversary fighter aircraft and adversary ground threats (Surface-to-Air-Missiles, SAMs). 
Most behaviour of CGFs in EVS will be far from trivial. For example, real enemies are, at least to some extent, unpredictable. They seek to manoeuvre themselves into a better position as the tactical situation changes. They react to friend and foe. In other words, they are smart and adaptable in their behaviour. 
3.2.3 Team training

Many weapon platforms are operated by teams, and platforms operate with other platforms in many missions. Obviously, team training is an important area of application for ET. Human Interface requirements need to allow co-ordination among team members and platforms. This may require dedicated communication channels. The use of ET for team training could promote unity in operational procedures and doctrines and help train effective communication techniques. Training scenarios could, inter alia, be based on actual battlefield incidents involving factors related to teamwork.

3.2.4 Usability

Usability concerns the ease of use and learnability of the ET system. An ISO standard for usability is ISO/TR 16982:2002: Ergonomics of human-system interaction—Usability methods supporting human-centered design, which provides information on human-centred usability methods that can be used for design and testing. Usability requirements for an ET system concern (among other things) quick and easy (re-)configuration of the operational equipment from ‘training mode’ to ‘war mode’ and ease and transparency of operation of the ET system for both trainee and instructor.
3.2.5 Safety

The trainee, who is immersed in an embedded training scenario, will build Situation Awareness (SA) on the training situation, with augmented reality. This likely implies that the trainees’ SA on the actual state of the equipment and its environment is diminished. Safety measures need to be installed such that the trainee can quickly recover its SA on the actual situation, when the situation requires. 
In an overview of the use of embedded training for the F-35, Bills, Flachsbart, Kern & Olsen (2010) emphasized safety of flight as a consideration within and following the ‘training’ mode. Trainees should always be aware which information is real and which is simulated.
Other safety requirements may be associated with additional hardware that is attached to the operational equipment. Each implementation of an ET system is likely to bear its particular safety issues. In many cases, the development of a safety case or the execution of a risk analysis (e.g. STANAG 4404, US DOD. MIL-STD-882D) will be an obligatory item.
3.3 Training Management Requirements

The goal of training management is to optimize the available resources, materials, guidance, and time to meet specific training requirements. Relevant functions of training management for ET are identification of training needs, design of ET-scenarios, planning of ET exercises, managing briefing, after-action review, data collection and training evaluation (Andrews and Roessingh, 2011).

Cannon-Bowers (2010) argues that ET is in fact scenario-based, and the supposed training value is based on realistic scenarios as an effective means to accelerate the development expertise. Cannon-Bowers emphasizes that much of the instructional power of ET is actually attributable to the nature of the scenario that is expressed in the simulated environment. Thus, the ET system should be able to run scenarios which address Desired Learning Objectives (DLO’s), by scripting events or ‘triggers’ in the scenario that allow the trainee to practice the DLO’s.
Feedback is an essential element in ET as it is in all forms of training. Feedback must be concise if it is to be useful in actual ET exercises. The ET system may provide feedback to trainees and/or other personnel (instructors, supervisors). Feedback information may be carried from the operational equipment to an off-board system (e.g. via a data link or manually), such that a supervisor or instructor can review performance for the entire (flight) team. Alternatively, the team can review their performance without an instructor present. Generally, feedback via an instructor may be more desirable in initial stages of training, while instructor involvement may not be required for mission rehearsal under deployed conditions. 
In the Netherlands, one of the practical objections against a new syllabus for a part of initial training, when compared to the more regular building block approach, was that the instructor pilot should get an even more important role in assessing the trainee’s workload and adjusting his/her coaching technique or the pace of the training scenario to the trainee’s workload. This notion, in combination with the high operational standards required to instruct the whole task, puts high demands on instructor pilots.
However, ET may diminish direct involvement of the human instructor, because the aircraft that hosts the ET system may not provide physical space for a human instructor. A possible way forward here is to provide ‘intelligent tutoring’ (see e.g. Sottilare, 2010, Jensen, Mosley, Sanders & Sims, 2010).

Another important requirement for training management in ET should be the detection and registration of the trainees’ level of expertise such that subsequent training activities (e.g. follow-up ET scenarios) can be adapted to the appropriate training level.
3.4 Affordability

The decision to introduce ET in the military organisation will be largely based on projected cost savings while combat effectiveness need to be maintained or increased, in other words, making training more affordable. It will routinely be required during an acquisition process to provide:

· an estimate of the value of the added capability of ET (in terms of an increased OPS-level),

· an estimate of the costs of ET, 

· an estimate of the cost savings of ET relative to current training practice, or 

· a cost comparison between alternative training methods. 

A practical example of projected training savings with implementation of ET for the F-35 Joint Strike Fighter is shown in Table 3. ET is planned to be introduced in a specific training syllabus (see Bills et al., 2010):

“In terms of student costs, the projection reduction is 14 Red Air sorties [i.e. sorties with fighter aircraft that mimic the enemy’s tactics], equivalent to 23.8 flight hours for $100k, and Surface to Air Missiles /Electronic Warfare 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.”
Table 3: F-35 Embedded Training Cost Avoidance Implementing Activity Model (taken from Bills et al., 2010)
	
	($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


It is important to balance all advantages and disadvantages of ET in a cost analysis. By properly defining requirements, advantages of ET can be exploited to the maximum while disadvantages can be minimized or avoided. Advantages are for example (Finly, Alderman, Peckham & Strasel, 1988; Bills et al, 2010; Roessingh & Verhaaf, 2010):
(1) The capability to provide training (e.g. refresher, sustainment, proficiency, continuation and mission qualification training) that is resident in the operational unit, also during extended periods of weapon platform deployment to international theatres of war;

(2) ET is fielded and maintained concurrent with the operational equipment; 

(3) There is a reduced need for other training equipment (simulators, trainers) with potential cost savings in procurement, maintenance, infrastructure and operation of this equipment.

(4) ET reduces wear and tear on operational equipment, thereby decreasing maintenance costs and manpower requirements, e.g. in the case of the F-35, ET eliminates the need to carry actual weapons during a training mission; 

(5) ET reduces the number of ‘live assets’ required for role-playing (e.g. mock enemies) by using constructive entities;

(6) There is reduced need to use large instrumented training ranges. For example, highly realistic day-to-day fighter pilot training for RNLAF pilots could take place in reserved airspace above the North Sea. Through the use of virtual enemy aircraft the required airspace for air-air engagements is further reduced. Apart from logistic advantages, this results in abatement of noise and emission.

(7) There are various options to reduce the training management burden at the operational unit (for example, the ET system provides training capability when an instructor is not present or readily available, see Section 3.3);

(8) Training is standardized across operational units;

(9) As a by product, high quality job-aids for the system could be developed easily from the ET materials.

Also, potential disadvantages must be taken into account, for example:

(1) Costs associated with the operational equipment will increase with EVS;

(2) ET system components may take up space and add weight to the operational equipment.

4.0 Conclusion & discussion
4.1 ET improves current and near future fighter pilot training

Three main fighter pilot competencies have been indicated for which ET clearly has added value. For initial training, these are information handling and weapon system handling, and for the continuation phase these competencies are predominantly tactical skills. 
With the several advantages that ET has to offer, a positive cost-benefit analysis seems to be achievable for many applications. For example, Bills et al. (2010) have calculated that with implementing ET on part of the initial training syllabus of the F-35 fighter aircraft almost US$ 3 billion can be avoided over the expected life cycle of the plane. The majority of the cost reduction is achieved by reducing the number of ‘live assets’ required for sorties with fighter aircraft that mimic the enemy’s tactics by using constructive entities in the Embedded Simulation.
To achieve cost-effectiveness in initial training, learning curves should reach a criterion level as fast as possible. In practice, instructors utilize a minimum learning rate (gradient) of the learning curve and trainees consistently failing to achieve this learning rate will fail the training program. When the learning rate is higher than this minimum, instructors should be able to vary training complexity in order to assess the competency level of trainees. Trainees have to be challenged throughout the syllabus without being overloaded. By nature, ET scenarios offer the capability to constantly challenge the trainee and assess their competencies in a whole task context. A desired number of threats or targets can be introduced to or removed from the scenario to match the trainees’ competencies at that point in the training program. 

A new syllabus for part of the initial training for RNLAF F-16 pilots would use ‘red air’ encounters in virtually all sorties. Most sorties are flown in two-ship formations, particularly in the earlier parts of the syllabus. However, a new syllabus would also feature four-ship formations, where these were previously not practiced in initial training. If the flight hours for ‘red air’ could be taken over by CGFs in the ET system, the flight time needed to produce a ‘limited combat ready’ F-16 wingman could be reduced by a substantial number of flight hours (from the current 145 hours, down to 78 hours). 
4.2 The supplemental value of ET in a re-design of existing training

With ET, complete missions can be flown in multi-ship formations towards a target, encountering ground and air threats, destroying the target and flying back, possibly encountering more threats. In contrast to the ‘building block approach’ this whole task approach ensures a quick acquisition of the big-picture and reduces integrations dips (i.e. the dips in learning performance that accompany transitions in learning phases). The whole task training approach can only be achieved if a variety of threats and targets, on the ground and in the air, can be offered in a flexible way during training missions. ET supports this by providing realistic threats and targets. By varying the training scenarios, trainees are not being taught a fixed trick (‘monkey see – monkey do’) but are being trained agility. In advanced training, threats will have to behave in a realistic, intelligent way. However, for the first stages of initial training only simple threats, behaving in a benign way, are required. ET technology has already been able to do that for some time.
4.3 Possibilities that ET provides for instruction and training management
An ET system should support the instructor in allowing him to vary the complexity of the training scenario (sortie, mission) while the trainees are exercising the scenario. Using this capability, an instructor is able to assess the level of performance of trainees better during one scenario instead of using multiple scenarios. Generally, instruction or instructor mediation may be more desirable in initial stages of training, while instructor involvement may not be required for mission rehearsal under deployed conditions. Generally, ET restricts the role of the human instructor, because the aircraft may not provide space for a human instructor. A possible way forward here is to provide an intelligent tutoring system.

4.4 User Interaction Requirements
The fulfilment of user interaction requirements (realism of the environment and the CGFs, suitable for team training, user-friendly and safe) are thought to contribute to the trust the user will have in the EVS. If the training environment lacks an adequate level of realism, despite the use of operational equipment, end-users will judge an ET to compromise live training opportunities and hence their operational readiness. The trust in the EVS and the assessment that the ET positively contributes to operational readiness will strongly determine he acceptance of ET by the end-user community.
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� These are representations of entities on the battlefield controlled by (software) models (i.e. not by humans). As a matter of definition, we distinguish here between ‘constructive elements’ and ‘virtual elements‘.  Hence, virtual elements are here the representations of entities on the battlefield that are under the control of human, for example controlled via a ground-based simulator. 


� However, it is yet an R&D challenge to develop an appropriate instructor interface. Currently, the possibilities for instructional techniques involving real-time extrinsic feedback (using guidance, cueing, or prompting) by an instructor are limited. 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.
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