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The Office of Naval Research (ONR) Live-Virtual-Constructive (LVC) training program seeks to safely 
integrate virtual tracks (display symbols that represent aircraft flown by pilots in simulators) and 
constructive tracks (symbols that represent computer-generated aircraft) into live F/A-18 E/F/G radar and 
cockpit sensor system displays to reduce resource demands and support new capability requirements in air 
combat training. In a preceding effort, the researchers identified a number of aircrew concerns about the 
design of LVC training technology and its potential effects on air combat training quality and realism. 
Based on these findings, the researchers conducted an exploratory survey to better establish and gauge 
LVC fidelity requirements. Thirty air combat training professionals completed the survey. The survey 
results, presented herein, will be used to guide LVC engineering decision-making and design trade-offs.  
 

 The goal of the Office of Naval Research’s (ONR) 
Live-Virtual-Constructive (LVC) training program is to safely 
integrate virtual tracks, or symbol representations of aircraft 
flown by pilots in simulators, and constructive tracks, or 
symbol representations of computer-generated aircraft, into 
F/A-18 E/F/G radar and cockpit sensor system displays. The 
Navy expects the LVC training to mitigate a number of 
challenges to the attainment and maintenance of air combat 
readiness. These challenges, both economic and 
environmental, include the high cost of flight hours, a limited 
number of adversary pilots, and ranges of inadequate size. 
This latter problem, in particular, will be exacerbated as new 
technologies come online that require more range space to 
practice. 

Over the past two years, the researchers have used an 
adaptation of the Critical Decision Method (CDM; Klein, 
Calderwood, & MacGregor, 1989) and other semi-structured 
knowledge elicitation approaches to collect qualitative data 
from air combat professionals about the impact of LVC 
technology on live air combat training. These interviews led to 
the identification of a number of potential LVC training 
concerns (potential negative interactions between LVC 
technology and current training practices) and training 
benefits (opportunities for LVC to enhance or supplement 
current training) (Neville et al., 2015; Sherwood et al., 2014). 

The training concerns primarily related to the 
potential for LVC technology to decrease the realism of 
various aspects of the live training environment and thereby 
decrease the similarity of that environment to real combat. For 
example, the LVC system could display radar data in a way 
that replicates a perfectly operating radar system versus 
displaying the data in the less reliable form of many modern 
radar systems. 

In most cases, whether a given training concern could 
become a reality or not depends on how LVC technology 
ultimately is designed and implemented, which, in turn, 
depends on decisions about funding and design requirements. 
To inform decision making about funding and requirements, 

the researchers conducted an exploratory survey. The survey 
was presented to F/A-18 instructor pilots and weapons system 
officers (WSOs; WSOs control the F/A-18’s weapon systems 
from the aft seat of the F/A-18F/G). The data were collected at 
a Navy Fleet Replacement Squadron (FRS), where WSOs and 
pilots train when first assigned to the F/A-18 and when 
returning to the F/A-18 after time off in another type of duty 
assignment. 
 

METHOD 
 
Participants  
 
 Thirty air combat professionals participated in the in-
person, pen-and-paper survey. The participants were F/A-18 
FRS instructors; 21 were instructor pilots with 1,000 to 3,700 
hours flying fighter aircraft (M=1642.86, SD=744.36) and four 
were WSOs with 1,000 to 2,600 hours in fighter aircraft 
(M=1675.00, SD=670.20). Five of the study participants did 
not provide biographical data.   
 
Data Collection and Analysis 
 
  After briefing the participants as a group on the 
purpose of the data collection and obtaining informed consent, 
the researchers gave the participants the pen-and-paper survey. 
The 23-item survey, which took approximately 60 minutes to 
complete, asked participants to consider the effects of LVC 
technology on the realism and efficacy of the training 
experience. Surveyed LVC technology effects included the 
representation of data and system capabilities in the cockpit 
(e.g., What if radar and other sensor system data representing 
virtual and constructive (VC) aircraft always correlate 
imperfectly?) and adversary capabilities (e.g., What if VC 
adversaries accurately emulate the full range of known aircraft 
capabilities?) As shown in the example items above, the 
wording of the survey questions varied between negative and 
positive forms; some questions specified a poor representation 



and others a high fidelity representation. The researchers 
reverse scored the negatively worded survey items.  

The survey asked participants to rate the importance 
of each of the 23 training environment features on training 
quality and overall training experience realism in the context 
of eight air-to-air intercept phases: pre-commit, commit, 
intercept, targeting, meld/sort, merge mechanics, weapons 
employment, and cold operations. The researchers asked 
participants to complete the survey twice, once in terms of 
impacts for pilots with little F/A-18 flying experience and 
once for pilots with enough training to fly as the lead aircraft 
of a two-ship section, at a minimum. 

The researchers asked the participants to make their 
training quality ratings using a six-point scale, with its six 
points anchored by the following terms and term definitions: 
intolerable (the capability will negatively affect training and 
readiness [T&R] and training quality for the objectives to the 
point of being unacceptable or intolerable), negative (the 
capability will negatively affect T&R and training quality for 
the associated objectives but not to the point of being 
unacceptable), depends (the capability will negatively affect 
T&R and training quality for the associated objectives unless 
it could be varied strategically by an instructor, in which case 
the effect would be positive), unaffected (the capability will 
not affect T&R and training quality for the associated 
objectives), positive (the capability will positively affect T&R 
and training quality for the associated objectives but should 
not be a requirement for meeting objectives), and required 
(the capability must be a requirement so that training quality 
needs and associated T&R objectives can be met). However, 
the participants, as a group, objected to the complexity of the 
survey and decided to collapse the scale to three points. The 
collapsed scale included the following training quality ratings: 
negative, depends, and positive.  

If a respondent rated a potential LVC system 
capability as affecting training quality, they were asked to 
additionally rate its affect on metacognitive skill development 
(e.g., planning ahead and questioning assessments) and muscle 
memory skill development (i.e., automaticity or proficiency 
for routine actions).  

In addition to rating LVC technology effects on 
training quality, the participants rated LVC technology effects 
on training experience realism. The training experience 
realism ratings were made on a six-point scale that ranged 
from zero (no impact; an exercise participant’s sense of 
immersion would be unaffected by the absence of the LVC 
capability during the specified ACTC task) to five 
(unacceptable impact; an exercise participant’s sense of 
immersion would be ruined by the absence of this capability 
during the specified ACTC task). However, the researchers 
later collapsed the training realism scale to three points: 
negligible (ratings of zero and one), moderate (ratings of two 
and three), and unacceptable (ratings of four and five).  

In addition to their numerical ratings, many 
participants took the time to write unsolicited comments on 
their surveys. While these comments were unexpected and not 
technically part of the survey, the researchers recognized that, 
if a survey respondent took time to write an unsolicited 
comment, it was likely to express something that he or she felt 

strongly about. Consistent with this interpretation, the 
unsolicited comments tended to include phrases such as “are 
dangerous when,” “can’t be expected to,” “would be huge,” 
and “a great asset to training.” Since these comments likely 
represent respondents’ most significant concerns about the 
effects of LVC technology on the training experience, the 
researchers assessed them. Comments that shed light on 
patterns observed in the ratings data are included in the 
Results section. 
 Approximately five hours after completing the 
survey, five FRS instructors (four pilots and one WSO) took 
part in an hour-long discussion on LVC training fidelity and 
capabilities. The instructors’ comments are presented in the 
Results section where relevant to interpreting the ratings data. 
 

RESULTS 
 

The data analyses reported here focus on training 
quality and training experience realism and do not include 
assessments of metacognitive skill or automaticity acquisition 
impacts. 
 
Training Quality and Readiness 
 

Two of the 23 survey items had to be discarded 
because of participant confusion about question wording. 
Participants rated 17 of the 21 remaining training environment 
features as important to training quality. Of these, 13 features 
were rated as having a positive impact and four as having a 
negative impact on air combat training quality and readiness.  

In general, the participants perceived features related 
to VC adversary fidelity as the most important to training 
quality in the live environment and to combat readiness, with 
eight of the 13 positively rated items addressing VC adversary 
fidelity. In addition, certain aspects of live aircraft radar and 
sensor system fidelity were also rated as important (Figure 1). 

For example, participants felt that the accurate 
representation of electronic attack (EA) effects, such as radar 
jamming, by VC adversaries is an important contributor to 
training quality (Mdn = 1). In addition, many believed that 
LVC-enabled live cockpit systems should accurately represent 
live aircraft hardware limitations (Mdn = 1). One such 
limitation is imperfect radar. VC radar data, sent to live 
aircraft via datalink, might need to be artificially degraded to 
replicate the appearance of live aircraft radar data. 
Furthermore, the majority felt that VC adversaries should 
accurately emulate the full range of known enemy aircraft 
capabilities, including radar warning receiver (RWR) 
response, weapons, and performance (Mdn = 1).  

Moreover, the participants’ unsolicited written 
comments reflected their focus on the need for realistic radar 
and sensor system displays of VC entities in LVC training. 
These comments included variants of the following 
statements: “LVC radar needs to be realistic in its detection 
and tracking variability” (n = 7); “any onboard system that 
represents VC entities needs to realistically represent them” (n 
= 6); and “LVC cockpit systems should provide electro-optical 
(EO) fidelity” (n = 1). 



 The five FRS instructors who participated in the post-survey 
discussion on LVC training fidelity and capabilities agreed 
with the following statement: “We need the indications, 
detection thresholds, etc. that will make the adversaries 
realistic.” Furthermore, the instructors stated that they “want 
to see ‘everything [we] should be able to see about’ an 
advanced adversary: IR; Forward-Looking Infrared (FLIR); 
platform specific, long-range IR shots; their planning to trick a 
missile; and EO.” 

Of the four potential LVC training system features 
that participants rated as having a negative impact on training 
quality (Figure 2), one addressed the symbols used to 
represent VC entities. Most survey participants (Mdn = -1) 
considered it important that VC entities not stand out to 
training exercise participants as recognizable or unique from 
live entities. They do not want to know which tracks represent 
live aircraft and which do not. 

Three features that were rated as having a negative 
impact involved radar and sensor system fidelity and realism. 
The three contrast with the positively rated items that called 
for LVC features to support realistic VC representations on 
cockpit displays and realistic interactions between live 
exercise participants and VC entities. For example, 21 of the 

 

 
Figure 2. LVC training environment features rated as having negative 
effects on training quality. 

survey participants felt that LVC technology’s ability to 
enable aircraft radar to detect VC aircraft at specific detection 
ranges, regardless of environment, hardware performance, and 
pilot technique, would have a negative impact on training 
quality (Mdn = -1). Another of the features perceived to have a 
negative effect on training quality was the presentation of VC 
tracks that behave perfectly, without effects of radar tracking 
flaws or inaccuracies (Mdn = -1). This feature was viewed as 
negative in its impact by 23 of the survey participants. Among 
the negative consequences of this item, the survey participants 
felt that pilots would not have the opportunity to practice 
critical radar “grooming” skills if live aircraft radar systems 
tracked VC aircraft perfectly and without intermittent 
interruptions.  

Finally, 21 participants believed that giving perfect 
radar representations of VC aircraft to E-2 Naval Flight 
Officers (NFOs), the personnel responsible for providing 
aircrew with airspace situation awareness, would negatively 
affect the quality of the NFOs’ training (Mdn = -1) because 
live E-2  radar is far from perfect. The near-perfect picture 
calls by E-2 NFOs that would result from perfect E-2 radar 
could also negatively affect training for pilots, who must be 
able to perform regardless of E-2 picture communication 
quality.  
 In addition to the unsolicited comments discussed in 
the previous section expressing pilots’ desires for realistic VC 
representation on radar and sensor system displays, two 
participants noted that radar performance must also be realistic 
for E-2 personnel.  
 The five FRS instructors who participated in the post-
survey discussion agreed that, in general, realistic VC 
representation on radar and sensor system displays is 
important to training quality. However, they also expressed a 
desire for a certain degree of flexibility in cockpit system 
emulation capabilities. The LVC system should offer flexible, 
instructor-controlled radar and sensor system emulation 
capabilities so the system can grow with changing operational 
capabilities and training needs and can be used to support 
different aviators, organizations, and training objectives. One 
of the instructors suggested, for example, “[being able to] 
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Figure 1. LVC training environment features rated as having positive effects on training quality. 



make it so Johnny sees radar SA earlier so he can get the 
basics.” 
 
Training Experience Realism 
 

Of the potential LVC training system features posed 
to the participants, most were rated similarly for training 
quality and training experience realism. Features assessed as 
having a positive effect on quality were generally assessed as 
having a negligible effect on realism (Figure 3). A negligible 
effect on training realism indicated that the LVC training 
system feature in question did not add additional artificiality 
with respect to live training. Conversely, features assessed as 
having a negative effect on quality were generally assessed as 
having an unacceptable effect on realism (Figure 4). An 
unacceptable effect on training realism indicated that the 
system feature in question added a significant and obvious 
training artificiality that would not otherwise exist in a live 
exercise.  

There were only three exceptions to the pattern. One 
feature that was rated by most as neutral in its effect on 
training quality was rated by most as having a negative impact 
on realism. This feature was the possible use of VC aircraft as 
wingmen to training exercise participants (Mdn = 4). Two 
items rated by most participants as positive in their influence 
on training quality were rated by most as neutral in their 
influence on realism: the availability of VC adversaries for 
immediate re-attack (Mdn = 2) and the ability to use EO 
sensors to detect VC adversaries (Mdn = 2). 
 The participants’ unsolicited comments focused on 
the value of realistic VC adversaries and representations of  
radar and sensor system data. In their comments, the 
participants noted that LVC should be used to improve the 
beyond visual range (BVR) capabilities of adversary forces (n 
= 12); VC entities should kill-remove realistically and not 
according to training rules (n = 3); VC aircraft should be 
capable of responsive maneuvering, such as in response to 
blue air radar mechanics and maneuvering (n = 3); and VC 
capability should be adaptive to pilot proficiency (n = 1). 
Moreover, some participants commented that the LVC system  
 

 
Figure 4. LVC training environment features rated as having 
unacceptable effects on training realism. 

should allow human intervention in VC action to support 
defensive considerations (n = 1) and that it should enable a 
display on pilots’ helmet-mounted displays of simulated 
enemy smoke trails for air-to-air and surface-to-air missiles 
(SAMS) and for smoke trails from weapons fired by a pilot 
and/or his or her wingman (n = 1). However, a number of 
comments stated that VC entities should not be used for within 
visual range (WVR) training (n = 18). In addition, a number of 
participants wrote comments stating that VC entities should 
not be used for blue wingmen or leads (n = 9) and that 
symbols should not be used to distinguish VC tracks from live 
tracks (n = 8). 
             The instructors who participated in the post-survey 
interview agreed that, while the focus of LVC training 
capabilities should be on fulfilling the need for better red air, 
live red air is still important. In their opinion, more modern 
live red air platforms should replace the F-5 for use in WVR 
training and that good VC adversaries should be used for BVR 
training. VC aircraft should either disappear or turn away  
before the merge.  
 Mirroring the negative ratings of a blue VC 
wingman’s effect on training experience realism, the 
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Figure 3. LVC training environment features rated as having negligible effects on training realism. 
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instructors who participated in the post-survey interview stated 
that blue VC do not currently address a training need. 
According to one participant, “Down the line, there may be 
reasons to incorporate blue air in basic scenarios, but right 
now, there aren’t any.” However, if blue VC are used for 
WVR training, the interview participants stated, they strongly 
oppose the display of blue VC, red VC, or other graphics in 
pilots’ helmet-mounted displays.  

Table 1 
Training Quality and Realism Frequency Data for Remaining 
Surveyed LVC Training Environment Features 

Fidelity Item 

Training Quality Training 
Realism General Metacognitive 

Muscle 
Memory 

P D N P D N P D N N M U 
Blue VC leads/wingmen 
participate (BVR) 14 6 10 14 6 10 11 11 8 13 7 9 

VC adversaries are 
displayed on HMDs (WVR) 13 6 11 11 7 12 11 7 12 9 7 13 

Blue VC leads/wingmen 
participate and are 
displayed on HMDs (WVR) 

10 2 18 11 2 17 9 7 14 6 6 17 

VC aircraft kill-remove in 
accordance with live red air 
kill-remove procedures 

9 15 6 8 16 6 8 15 7 8 12 8 

Note. For training quality ratings: P = positive, D = depends, and N = 
negative. For training realism ratings: N = negligible, M = moderate, 
and U = unacceptable.  

CONCLUSION 

An LVC training system for Navy air combat is 
currently just a concept and has not yet become an acquisition 
program. The present research effort is part of a larger effort 
to examine how best to design and implement this system so 
that it enhances training without compromising safety or 
conflicting with the Navy air combat community’s established 
training philosophies and practices. The surveyed instructors 
wanted to be able to “train as they fight” and did not want 
LVC technology to introduce further artificialities into live 
training. Potential LVC training system features that were 
perceived as negatively affecting training quality and realism 
included symbol distinction of VC aircraft and unrealistically 
perfect tracking of VC aircraft regardless of detection ranges, 
environment, and radar “grooming.” Further supporting the 
surveyed instructors’ desire for LVC training that closely 
replicates the operational environment, LVC capabilities that 
participants felt had a negligible impact on training realism 
were generally rated as having a positive impact on training 
quality.  

Based on this work, engineering dollars could be best 
spent on resolving the challenges associated with the realistic 
representation of VC aircraft and their effects on live aircraft 
systems to ensure that VC adversaries are consistent and 
accurate in their detection by and response to live aircraft 
sensor systems and are capable of emulating the full range of 
known threat aircraft capabilities with a high degree of 
accuracy. To maximize future LVC training quality and 
realism, future research and development activities should 
expand on this examination of the sensor system fidelity needs 

of F/A-18 aircrew and E-2 NFOs. Fidelity implications will 
need to be understood not just for the aircrew of these air 
platforms but also for the pilots of fifth-generation fighters, 
which feature different capabilities and missions and 
consequently will have different system fidelity needs. 

Finally, the instructor comments and interview 
suggest that instructor control will be an important part of an 
effective and accepted LVC system. Further research is 
needed to assess the control and work support needs of 
instructors, which cockpit emulation capabilities should be 
flexible and instructor-controlled, and the method by which 
the instructors vary emulation capabilities to adapt the system 
to support different training needs.  
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