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2. Executive Summary
2.1 Problem and Objective

To address the on-going pilot shortage, the Department of
Defense (DoD) services are exploring the capabilities of wvirtual
reality (VR) technology to improve the efficiency and
effectiveness of aviation training. Although the Air Force found
positive results and feedback from leveraging VR in their
experimental Pilot Training Next (PTN) Program, there has been
limited published results on the impact to flight performance.
Parallel to this, the Navy investigated VR training capabilities
within their aviation training and results showcased significant
promise for using VR devices, but also highlighted limitations
reducing its potential benefit to training (McCoy-Fisher et al.,
2019). Two critical issues were identified in the Navy’s
investigation; first, the need for guidance on the what, when,
and how to train with VR and second, the need for feedback on
performance when practicing in VR. As a potential solution to
address the concerns above, both the Air Force and the Navy
started work in artificial intelligence (AI) instruction and
feedback for application within VR flight trainers. This study
examines an experimental version of a virtual adaptive
instructor, the Virtual Instructor Pilot Exercise Referee
(VIPER®) from Discovery Machine Inc. (DMI), a first step towards
an AI instructor Pilot capability.

For the Navy to better understand the training impact VR and
introduction of an AI-style tutor may have, this study evaluates
whether there were performance improvements in student naval
aviator (SNA) flight events across different training conditions
utilizing the Navy’s Immersive Training Devices (ITDs). There
were four conditions in this study:

1. Archival: no access to ITDs,

2. Free VR: free-play access to ITDs without guidance or
VIPER®,

3. Assigned VR: required practice scenarios in the ITDs
without VIPER®, and

4. VIPER®: required practice scenarios in the ITDs with
VIPER®.
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Results provide quantitative data on the effectiveness between
groups demonstrating VR benefit to training and qualitative
feedback on the utility and usability of a virtual adaptive
instructor, in this case VIPER®.

2.2 Method, Assumptions, and Procedures

Participation in the study required students to practice for a
minimum of 18 hours on the devices within one of two
experimental conditions, Assigned VR and VIPER®, while archival
data were used for the other two conditions. SNAs were provided
an overview of the study requirements for participation and
instructions on how to use the VR devices. SNAs were instructed
to engage in practice on the devices during their free time, not
to interfere with their training schedule. Students had to log
their practice to monitor hours and issues encountered during
their sessions. At the completion of data collection,
performance data on flight events were acquired for all four
groups and usability and utility feedback were captured from
both instructor pilots (IP) and students. Performance and
feedback data were analyzed for trends and recommendations.

2.3 Results

A total of 292 SNAs were recruited at the beginning of their
Primary Training for the two experimental groups at Training
Wing Four (TW4), NAS Corpus Christi, Texas. Unfortunately, due
to dropout rates, the team received completed datasets from only
64 SNAs for the Assigned VR condition and 52 SNAs in the VIPER®
condition (116 SNAs total). Archival data (i.e., Archival and
Free VR) totaled 4,179 SNAs for comparison. Additionally,
feedback data on VIPER® were received from the two IPs involved
in the program and 15 of the SNAs who participated in the study.

2.3.1 Quantitative Results

To compare performance across conditions, grades (event raw
score or ERS) and extra training events (event modifier code)
were used to determine any differences between the four groups
in the Contact and Instruments Phase of Primary Training. Mann-
Whitney U tests comparing the four groups were conducted to
identify grade and modifier code differences.

Event Raw Score
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Comparisons of individual event grades showed statistically
significant performance increases! between each consecutive
training intervention and within every event examined in the two
phases. Specifically,

e The Free VR condition had a significant overall increase in
ERS compared to the Archival group in 76% of events (84% of
Contact events and 64% of Instruments events).

e The Assigned VR condition had a significant overall
increase in ERS compared to the Free VR group in 42% of
events (47% of Contact and 36% of Instruments).

e The VIPER® condition had a significant increase in ERS
compared to the Assigned VR group in only one Contact event
(C4304; 5% of Contact, 0% of Instruments, and 3% of overall
events) .

At an aggregate level (i.e., average ERS across Contacts and
Instruments) each successive level had a significant increase in
scores with up to approximately half a standard deviation higher
performance. Equating these effect sizes to Navy Standard Score
(NSS) metrics (a 20 to 80 scale with standard deviation of 10),
the increases in performance scores ranged from 3.3 to 6 NSS
points depending on the condition.

Event Modifier Codes

Findings from the comparison of the modifier codes were not as
straightforward as the comparisons of grades, but did follow a
similar pattern. VIPER® and Assigned VR had lower occurrences of
events with modifier codes than the two archival conditions,
where the Archival group had the most modifier codes present.
Unfortunately, statistical comparisons could not be performed
between all conditions due to groups with zero modifiers;
limiting study results.

Additionally, a Fisher’s Exact Test was conducted to compare
failed events (i.e., unsats) for all four groups. Out of the
modifier codes analyzed, unsats are the most tied to SNA

performance and therefore warranted an independent analysis.

! Note: To address familywise error rates related to multiple pairwise comparisons, alpha was set to .01 for the
purposes of the statements made in this section. Close attention should be given to Appendix 1, in which
significance levels, effects sizes, and inferred power achieved together can provide more precise results.

4



NAWCTSD Public Release 22-0ORL044

Results showed the Archival group received more unsats than the
conditions with VR exposure in the Contact Phase and Overall,
but only received significantly higher unsats than the Free VR
group in the Instruments Phase.

2.3.2 Qualitative Results
SNA Feedback

SNAs were asked to provide feedback on their experience with the
virtual instructor. The team received responses from 15 out of
52 students in the VIPER® group. Although there was a low
response rate and many comments focused on initial program
crashes (later resolved), 93% of students who responded to the
questionnaire expressed potential for the virtual instructor to
support skills across every chapter of the syllabus. Based on
those 15 respondents:

e 20% of students stated VIPER® could help learn course
rules,

e 53

o\°

stated the system helped provide sight pictures,

e 80% expressed it better prepared them for upcoming events,
and

e 64% to 92% of SNAs, depending on the specific question,
rated the maneuvers practiced as slightly effective or
higher.

These offer support to the benefit of training with the system.
SNAs also reported the system was easy to use and seemed to
provide both timely and accurate instructions and feedback.
Finally, though there were some issues with VIPER® understanding
SNA auditory commands, the visual and auditory delivery of
instruction and feedback were clear and easy to comprehend.

IP Feedback

Responses from the IPs were promising as well, indicating VIPER®
demonstrated value as an early training tool. Specifically, IPs
expressed that the system could provide benefit for developing
scan patterns, engaging in self-study prior to flying, and 1is
capable of honing skills for some maneuvers. However, IPs also
commented on grading inflexibility and voice recognition
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limitations associated with VIPER®. IPs indicated that for
certain maneuvers (e.g., landing pattern), grading and feedback
were less useful because the maneuvers can be completed
successfully in multiple ways, requiring a more flexible grading
rubric. Additionally, despite recognizing its benefits, the
majority of IPs did not view the system positively. This
perspective may have been formed early on when VIPER® was
experiencing various technical issues and continued even after
improvements to the system were made. Unfortunately, IPs
indicated that when VIPER® was discussed, system frustrations
were mentioned which led to a negative reputation of VIPER® that
affected both IP engagement and SNA participation.

2.4 Recommendations

Overall, virtual adaptive instructor programs such as VIPER®
have the potential to improve pilot performance and this
evaluation was a first step towards providing objective data for
incorporating AI instruction into flight training. To ensure
maximum benefit of VIPER® or similar programs, responses from
IPs and SNAs were summarized to provide recommendations for
future development and integration within aviation training:

e Auditory: improve voice command recognition and response
accuracy; or provide an alternative to auditory inputs that
do not require the navigation of drop downs with a mouse.

e Maneuver Development: expand the maneuvers available to
practice and introduce more flexibility in grading non-
standard but acceptable ways of completing a maneuver.
Ensure early IP participation for accurate modeling of
maneuvers, feedback type, and feedback delivery.

e Feedback Delivery: provide more theoretical information
about each maneuver (e.g., when and why a maneuver should
be completed), show feedback for partially completed
maneuvers, and provide after-action feedback in a better
format (e.g., show percentage of the maneuver correctly
completed) .

e TImplementation: include VIPER® on low-cost simulators as a
form of pre-Primary self-practice for SNAs who have
completed or during Naval Introductory Flight Evaluation
(NIFE), provide both IPs and SNAs an overview of the system
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and its capabilities, and invest in a more accurate flight
model to increase VIPER®’'s utility (e.g., aerobatic
maneuvers) .
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3. Introduction
3.1 Problem

In recent years, the Department of the Navy has placed an
increased focus on utilizing emerging simulation technology to
help supplement current aviation training. More specifically,
the Navy is exploring ways to increase training efficiency and
effectiveness to address the Fleet pilot shortage (United States
Government Accountability Office, 2018). In response to this
need, from 2018-2019 the Naval Air Warfare Center Training
Systems Division (NAWCTSD), Naval Aerospace Medical Institute,
Chief of Naval Air Training (CNATRA), and Naval Aviation
Training Systems and Ranges (PMA-205) collaborated on a study to
examine the potential benefits and impacts of supplemental
Virtual Reality (VR) practice on student pilot performance in
the aircraft (McCoy-Fisher, Mishler, Bush, Severe-Valsaint,
Riner, & Natali, 2019). Although results identified advantages
regarding these VR trainers, minimal documentation of student
practice time and little guidance or structure on how or what to
practice prevented robust conclusions on the potential for
performance improvements within training.

As a follow-on study and further development for the devices,
PMA-205 and CNATRA collaborated to leverage work conducted with
the Air Force in artificial intelligence (AI) instruction for
their experimental Pilot Training Next (PTN) Program. Via the
Small Business Innovation Research (SBIR) program, the Air Force
funded Discovery Machine, Inc. (DMI) to develop the Virtual
Instructor Pilot Exercise Referee (VIPER®) to support flight
maneuver practice in their virtual T-6A devices. Due to initial
positive feedback on VIPER’s capability and potential to
increase learning gains, the Navy utilized the SBIR program to
fund DMI via a Phase II SBIR to develop a T-6B version of VIPER®
to support Naval Aviation Training Next (NATN) and Primary
flight training. The VIPER® program was incorporated into
CNATRA’s T-6B Immersive Training Devices (ITDs; VR trainers made
of commercial off-the-shelf [COTS] components on desktop
computers) at Naval Air Station (NAS) Corpus Christi, TX. The
Multidisciplinary Extended Reality (MXR) research team at
NAWCTSD was funded to evaluate the impact of VIPER® on student
naval aviator (SNA) performance.

3.2 Objectives
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The purpose of this evaluation was to assess i1if the additional
capabilities presented by an AI or adaptable virtual instructor,
in this case VIPER®?, would improve SNA performance beyond
traditional training with no ITD access or training with ITD
access. Specifically, the goal of this evaluation was to
determine if there were differences in performance across four
SNA conditions:

e Archival: no access to ITDs;
e Free VR: free-play access to the ITDs without VIPER®;

e Assigned VR: required practice scenarios in the ITDs
without VIPER®;

e VIPER®: required practice scenarios in the ITDs with
VIPER®.

Although some may consider VIPER® too early in development to be
considered a fully AI program, it is an initial step towards AI
instruction for flight training and a test of its potential
utility. Findings from this evaluation will provide a better
understanding of VR and AI technologies’ ability to support
Naval aviation training and indicate any additional development
needed for wvirtual instructors, such as VIPER®, and future AT
instructional programs to be most beneficial for Primary
Training.

3.3 Background

3.3.1 T-6B ITD

VR technology, employed as part of an ITD, is being explored and
evaluated as a new way to provide aviators with supplemental
training at a lower cost, where a single high-end3® ITD can cost
as low as $50k* while traditional operational flight trainer
simulators cost in the hundreds of thousands to millions of
dollars. In 2018, CNATRA acquired its first version of a T-6B

2 Note: Though the basis of the research and development work is in and for an Al instructor, this report will refer
to VIPER® as an adaptive virtual instructor to avoid any technical disagreements or misunderstanding of official
definitions or distinctions of Al instruction.

3 Low-end ITD trainers can cost as little as $10-20k.

4 The $50k estimate only includes the hardware and software; additional costs are incurred when accounting for
maintenance and sustainment of devices.
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ITD (based on the Air Force’s T-6A version), representative of
the Beechcraft T-6B Texan II aircraft used for Navy Primary
Training. Each ITD consisted of a desktop computer, monitor,
COTS components (gaming seat, VR headset, hands on throttle and
stick [HOTAS], and rudder pedals), and a virtual environment
based on commercially-available software.

The Navy’s initial introduction of the ITDs focused on device
exposure and “free play” for students, providing greater
opportunities for immersive study, practice, and repetitions of
skills that are often described as the “reps and sets” necessary
for skill development. The what, when, or how to practice was at
each student’s discretion unless an instructor voluntarily
offered any recommendations or guidance on use of the device.
Additionally, performance monitoring and feedback relied on
students’ own knowledge, reflection, and recognition of their
current state of performance. In other words, SNAs had to
recognize their own mistakes and understand how to correct them.
Overall, the ITDs provided SNAs an immersive platform to
practice and develop skillsets with the ability to see in “real
time” the effects of their actions instead of the traditional
desk study or “chair flying” with paper printouts.

Results from the McCoy-Fisher et al. (2019) study of the initial
introduction of the ITDs provided promising support on the
benefits of VR device use but also identified necessary upgrades
to optimize the new technology’s impact on training performance.
In particular, for Primary flight training, the study found VR
to be most useful for building a sight picture of upcoming
events and practicing skills relevant to the Contact phase of
the syllabus - support that the immersive environment was
beneficial to training. Grade data were not available for T-6B
ITD users, but examination of similar T-45C Goshawk ITDs found
increased flight performance in some phases of the Advanced
Strike syllabus, indicating that using ITDs may enhance
performance in live flight.

Findings also identified several upgrades to implement in order
to better leverage the technology and provide greater training

benefit. Most updates focused on hardware and software upgrades
to improve flight characteristics, visual fidelity, and control
feel to increase the accuracy and realism of the device (i.e.,

looks, feels, and acts like the actual aircraft). Additionally,
two other major improvements were identified:

10
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1. The need for structured guidance on how, when, and what to
do with the device. Practice in the device should be
deliberate with a certain focus or objective(s);

2. The need for timely feedback on performance when utilizing
the device, either by a human or computer-based
instructor, to ensure good habits are learned and poor
performance is identified and corrected.

These coincide with extensive research on developing expertise,
specifically on the benefits of deliberate practice and
feedback. It also demonstrates that technology alone is
insufficient to improve training; it needs appropriate
integration to maximize its benefit.

3.3.2 Developing Expertise

Defined as the acguisition of superior, reproducible performance
in a particular domain (Ericsson & Charness, 1994), achieving
expertise across a range of skillsets is the ultimate goal of
Naval Aviation Training: “to safely train the world’s finest
combat quality aviation professionals” (CNATRA, 2022). To
develop expertise requires significant time and effort, but this
alone is insufficient and how time and effort are applied
matters (Ericsson & Charness, 1994). Specifically, research
shows there are four conditions that facilitate expertise
development:

e Well-defined goals;
e Motivation to improve;
e Provided with feedback;

e Provided ample opportunities to practice.

SNAs are generally motivated to complete flight training and the
ITDs improve available practice opportunities. Where use of the
ITDs can be improved are the other two conditions: well-defined
goals in relation to practice (i.e., “deliberate practice”) and
some type of feedback mechanism for the student.

Deliberate practice

11
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Deliberate practice is more than free play or mindless
repetition of a task. It is attentive, effortful practice aimed
at improving performance on specific skills, and it requires:
learning successful ways of completing the task; feedback on
current state in relation to a set goal or standard, progress
made towards the goal or standard, and strategies for
corrections and improvements; and high repetition specifically
with the intention of addressing or incorporating feedback to
refine performance. Ericsson, Krampe, & Tesch-Romer (1993) found
a direct relationship between the amount of deliberate practice
people engage in and their level of performance, showing it to
be a primary determinant of expert status in the practiced
domain. Not only does the amount of deliberate practice
accumulated affect current performance, but the amount of time
currently spent in deliberate practice also distinguishes
between relatively good and poor performance among experts
(e.g., continually refining skills via deliberate practice vice
only practicing already mastered skills). Additionally, to
continually develop a skill to reach expert levels, deliberate
practice should take the form of individual tasks slightly more
difficult than the trainee’s current ability level, and as
performance improves on the individual tasks, they are combined
into more complex scenarios.

Integral to deliberate practice is the need for the trainee to
know what and how to practice, a need generally served by the
presence of an instructor, and research has demonstrated
instruction can help poor performers catch up with better
performers (Ericsson, 2008; Ericsson & Charness, 1994; Ericsson,
Krampe, & Tesch-Roémer, 1993). The feedback from an instructor
provides the trainee with information on what and how to
improve, guiding goal setting and practice strategies. Getting
feedback on performance is not limited to instructors but can be
accomplished via comparing one’s own performance with experts’
performance either via self-monitoring and reflection, objective
measures, or from someone knowledgeable on the domain (Ericsson,
2008) .

Feedback

As the work above illustrates, practice alone is insufficient to
improve and sustain performance, to maximize training benefit

requires feedback. Feedback serves a specific purpose: identify
discrepancies between current state and desired end state (i.e.,

12
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the goal or standard) as well as provide potential avenues for
reaching the desired end state to facilitate learning and skill
development. However, there are a number of ways in which
feedback can vary: 1) the content of the feedback (e.g.,
outcome, process, normative), 2) the feedback sign (e.g.,
positive or negative), 3) the modality of feedback delivery
(e.g., orally or written), 4) the amount of feedback given, and
5) the timing (e.g., delayed or immediate). Each of these
dimensions has an impact on the effectiveness of feedback
(Kluger & DeNisi, 1996; Kozlowski, Bell, & Mullins, 2000).
Research supports feedback’s importance to learning: it reduces
learners’ cognitive load, uncertainty in performance, and
mistakes and errors; and potentially helps improve motivation
(Billings, 2012). Additionally, research has examined the impact
of feedback on performance finding that, in order to be
effective and have a positive effect, feedback should follow
certain guidelines (Billings, 2012; Ilgen, Fisher, & Taylor
1979; Kluger & DeNisi, 1996):

e (Clear and specific: the feedback needs to be accurately
perceived and understood for the receiver to take the
appropriate actions.

e Non-attributional: the feedback should focus on the task,
process, or behavior, not the person in order to keep
attention focused on actionable changes to reach the goal
or standard.

e (Credible source: the receiver needs to trust the source of
feedback is providing accurate and useful information
either via sufficient knowledge, experience, and/or having
observed the event providing feedback on.

e Timeliness: feedback should be delivered in a timely manner

relevant to the complexity of the task(s) (simple vs.
complex); the characteristics of the individual (novice vs.
expert); and structure of the event (delivered during or

after the event).
e Tndividual needs: the feedback should be suited to the type

of task (simple vs. complex) and characteristics of the
learner (novice vs. expert).
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Based on these complexities, it is not surprising that
inappropriately applied feedback can cause decrements in
performance (Kluger & DeNisi, 1996). For example, understanding
the aptitude of the learner can shift the appropriate method
from a bottom-up approach for novices, whereby detailed feedback
is initially provided on subcomponents of the task, and shifts
over time into general feedback regarding the whole task, to
top-down feedback for more advanced learners, beginning with an
overview of the entire task and moving into detailed feedback on
task subcomponents (Billings, 2012). As discussed below, the
feedback provided by VIPER® was developed to fit all these
criteria.

Ericsson et al. (1993) also found that feedback can be
motivating. While deliberate practice alone may not be
enjoyable, seeing improvements in one’s own performance can be
enjoyable and motivate people to engage in deliberate practice.
Similarly, Kluger and DeNisi (1996) theorized that feedbacks
impact on performance is mediated by motivation. Thus, feedback
is important for performance not only directly, by affecting
understanding of what and how to perform, but also indirectly by
motivating people to improve their performance further.

Demonstration

Another critical component to developing expertise is the use of
demonstration (also known as observational learning or modeling)
to help learners understand what expert performance or the
correct method looks like. Generally speaking, demonstration is
considered a “dynamic example of partial-or whole-task
performance of the characteristics of a task..that illustrates
(with video recording, modeling, or any visualization approach)
the enactment of targeted knowledge, skills, or abilities”
(Salas et al., 2009 p. 2). In other words, demonstration shows
the individual what “right” looks like. With theoretical
foundations based on social cognitive theory (Bandura, 1986),
nearly every modern organization, including Naval aviation,
utilizes demonstration to great success via behavioral modeling
training (BMT) to develop trainee skills (Taylor, Russ-eft, &
Chan, 2005). To be effective, BMT relies on five primary
components (Decker & Nathan, 1985; Salas et al., 2009):

e A list of well-defined skills and/or facts to be learned;
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e Utilizing models and visual aids to illustrate effective
behavior and skills;

e Opportunities to practice newly demonstrated skills;

e Feedback on practice performance related to what was
demonstrated;

e What was demonstrated and learned is reinforced in follow-
on applications (e.g., other training exercises or real-
world scenarios).

However, utilizing these components does not guarantee the
demonstration or BMT will be successful. Like practice or
feedback, demonstrations can have a negative impact when used
incorrectly or when reinforcing incorrect actions. As Salas and
colleagues (2009) note, “the effectiveness of demonstrations
depends upon the interrelationships between features of the
demonstration, the learner, and the larger training system” (p.
12) . Careful consideration of the type of task (simple vs.
complex), level or style of demonstration (partial vs. whole
task; video vs. live; minimal vs. expert performance), and
learner characteristics (novice vs. expert) 1s needed to develop
effective demonstrations.

Research supports the benefits of demonstration, deliberate
practice, and effective feedback for improving performance where
each one relies on and enhances the other two ultimately
facilitating the development of expertise. By integrating them
into the Navy’s use of the ITDs in aviation training, it 1is
expected to provide better learning and performance gains for
students. However, with limited human instructor resources,
CNATRA, NAWCTSD, and PMA-205 are investigating intelligent
tutoring systems (ITS), such as adaptive instruction programs
like VIPER®, to capitalize on demonstration, deliberate
practice, and performance feedback benefits without requiring a
human presence.

3.3.3 1Intelligent Tutoring Systems

An ITS is defined as a system that aims to provide customized
instruction and/or feedback to a learner without human
intervention (VanLehn, 2011). These systems typically leverage
instructional strategies identified by research (e.g.,
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deliberate practice and feedback) to determine which training
interventions to incorporate based on the learning objectives,
individual needs, and performance level of the learner. ITSs are
commonly referred to as regulative loop systems where
performance is monitored, compared to a “gold standard” or a
level of performance to be reached, and instruction is adjusted
to get the learner closer to that standard based on performance
levels (VanLehn, 2016); for example, by adjusting task
difficulty, feedback type, or feedback timing. Simply put, these
regulative loops consist of up to four components:

1. Self-reqgulation - the learner must determine their
performance deviation from the standard;

2. Mirroring - the system provides a playback of the
learner’s performance for comparison to a set standard
(e.g., an expert model);

3. Formative assessment - the system monitors and compares
learner’s performance to a set standard showing any
discrepancies;

4. Coaching - the system monitors and compares performance to
the standard and generates advice to modify learner’s
performance towards achieving the standard.

In order for ITS system designers to build effective systems,
understanding when and how to use the four components above is
critical (Billings, 2012; VanLehn, 2016).

VIPER®

VIPER® is an adaptable virtual instructor that helps tie in the
demonstration, deliberate practice, and timely feedback aspects
for developing expertise as training interventions when using
the ITDs to promote knowledge and skill retention in the
aviation community. In support of these interventions, VIPER®
provides an individualized approach to instruction intended to
mimic human instructors on six main attributes, as listed in
DMI’s proposal to CNATRA:

1. Understand the many ways things should be done;
2. Monitor trainees over time;

3. Assess trainee performance in real-time;
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4. Identify when to intervene;
5. Identify how to intervene and act upon it;

6. Conduct After-Action Review. (Discovery Machine, Inc.,
2019, p. 3).

The system aligns these attributes by applying expert mental

models derived from human IPs to instruct students on various
flight skillsets (Discovery Machine, Inc., 2019). From these

models, VIPER® allows students to interact with the system in
three modes:

1. Demonstration mode: the maneuver is selected and the tutor
walks through a video of the maneuver explaining how to
perform it.

2. Practice mode: the maneuver is selected, practiced, and
feedback on performance is provided by the tutor.

3. Performance mode: the maneuver is selected but performed
unassisted, the system identifies it was attempted, and
performance is assessed with the assessment provided upon
completion of the session.

These three modes align with the crawl-walk-run method commonly
used in training. The system tracks students’ progress over time
and adapts its speech-based and text-based feedback according to
their proficiency level on maneuvers in previous sessions over
time. The VIPER® system also provides a speech interface for
students to interact with the system via commands and questions
and a tablet interface to track performance, select premade
scenarios, or build their own scenario. It is important to note
not all features were fully developed or used during this
evaluation. Specifically, the performance mode and a separate
instructor-only interface were among those not utilized for this
study.

These VIPER® capabilities leverage expertise research literature
on demonstration, deliberate practice, and feedback in the
following ways:

1. The presence of preset maneuvers and the use of
demonstration mode allow SNAs to understand what they
should be practicing in the ITD. Although a live
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instructor would still be ideal, VIPER®'s high
availability via the ITDs can provide SNAs structured
guidance for their practice during non-scheduled hours or
when IPs are otherwise occupied.

. By explaining how to perform a maneuver, demonstration
mode helps users understand performance standards, set
clear goals for their performance, and sets the stage for
accurate performance discrepancy judgments.

. Allows for both individual maneuver practice and practice
of scenarios composed of strings of maneuvers, providing
opportunity for increased complexity for events based on
individual learning level and performance to aid expertise
development (Ericsson, 2008).

. Provides timely feedback leveraging the guidelines above
derived from the research literature (Billings, 2012;
Ilgen et al., 1979; Kluger & DeNisi, 1996). That is,
VIPER® gives feedback related to the task, in the form of
specific components of the task that were not completed
correctly, as well as how much over or under the ideal
value they were. The use of over/under values provides
specifics on the difference between current and desired
state and allows SNAs to understand what they should
change to meet ideal performance (thus meeting the need
for feedback that enables the selection of the correct
answer) . The use of this detailed subtask feedback also
serves the purpose of Primary Training well by providing
novice pilots with the type of feedback best suited to
their early training (Billings, 2012).

. Summaries of SNA’s previous performance on a given
maneuver 1is provided before the start of the current
attempt, which helps SNAs judge how their performance
changed from the previous attempt (i.e., whether their
corrective actions are working to improve performance).

. Maneuvers are based on the input of expert pilots, which
allows SNAs to compare their performance to expert
performance (the goal or standard), in alignment with
FEricsson’s (2008) recommendation.
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With these features developed, VIPER® should provide
opportunities for demonstration and deliberate practice with
effective feedback that aligns with the expertise and learning
science to assist SNAs in improving their flight skills.

3.3.4 Hypotheses

To examine how VR practice and adaptable virtual instruction may
benefit SNA flight performance in Primary Training, the research
team compared four separate groups of students:

1. Archival: SNAs with no access to ITDs;

2. Free VR: SNAs with free access to ITDs without any
structured guidance or VIPER®;

3. Assigned VR: SNAs assigned to complete specific practice
scenarios in the ITDs without VIPER®;

4. VIPER®: SNAs assigned to complete specific practice
scenarios in the ITDs with VIPER®.

Those with free access to the ITDs may have used them, but the
low usage of ITDs reported in McCoy-Fisher et al. (2019)
suggests mean ITD usage in this group likely did not exceed a
few hours across multiple months of training. Thus, it was
expected that a higher level of ITD usage, in a more structured
format, would lead to greater training benefits for those
required to use the ITDs. In turn, VIPER® usage was expected to
have higher benefits than ITD usage alone due to the guidance
and feedback provided by the virtual instructor. Therefore, it
was hypothesized that SNAs with VIPER® practice would be the
highest performing SNAs followed by the assigned VR group, then
the free VR group, and finally the archival SNAs as the lowest
performing.

4. Methods
4.1 Participants

All data for the evaluation were collected from personnel
located at Training Wing Four (TW4), NAS Corpus Christi, Texas.

4.1.2 Student Naval Aviators
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This evaluation included a total of 292 SNAs recruited at the
beginning of Primary Training, as well as archival data from
4,179 SNAs. The study used a convenience sample based on
training class schedules and system availability to avoid
impacting active training production.

All participants were provided an introductory session on setup
and use of the ITDs as well as description of the study. The
recruited participants were assigned to one of two conditions
based on the timing of cohort class start dates and the
availability of the systems to support each condition: the first
158 SNAs were placed in the Assigned VR condition (practice in
the ITDs without VIPER®), and the subsequent 134 SNAs were
assigned to the VIPER® condition (practice in the ITDs with
VIPER®) . However, due to a significant dropout rate, final data
received were 64 SNAs for the Assigned VR condition and 52 SNAs
in the VIPER® condition. Data collected from these two groups
included performance data from the Training Sierra Hotel
Aviation Readiness Program (T-SHARP) grade tracking system,
weekly VR participation logs, and responses to a VIPER®
questionnaire from SNAs in the VIPER® condition.

The evaluation also included archival performance data from
CNATRA’s T-SHARP grade tracking system that were split into two
groups: Archival and Free VR. The Archival group contained 850
SNAs who completed Primary Training before October 2018, when
the ITDs were delivered, and therefore had no ITD access. The
Free VR group contained 3,329 SNAs who began Primary Training
after October 2018, and therefore had access to the ITDs for
practice from the start of their training, but had no
requirement to use the ITDs or guidance on how to use beyond
basic startup procedures. However, the archival dataset did not
include data relevant to the research questions for all SNAs;
therefore, 836 Archival SNAs and 3,014 Free VR SNAs were
included in analyses.

Thus, the four groups of SNAs in this study have progressively
incorporated more aspects from the expertise and learning
science literature:

e Archival (no ITDs): traditional, baseline training;

e Free VR (ITDs available but not required): provides
increased opportunities for SNA self-directed practice;
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e Assigned VR (required to practice in ITDs): provides SNA
deliberate practice but relies on self-monitoring for
feedback;

e VIPER® (required to practice in ITDs with VIPER®) :
provides SNA with demonstration and deliberate practice
with an ITS delivering performance feedback to facilitate
skill development.

It is important to note that this study had a high attrition
rate. For the Assigned VR group, dropout rates may have been
attributed to SNAs having competing training priorities as well
as SNAs not completing their hours during the data collection
timeframe; data were used from those who completed their 18
hours of practice. By contrast, students’ requests for
withdrawals from the VIPER® condition were heavily influenced by
initial software instability issues associated with the first
Navy version of VIPER® and the resultant frustration associated
with interacting with a system under development. Fortunately,
the system instability was addressed prior to completing data
collection, but it remained difficult to recruit and maintain
VIPER® participation throughout the remainder of the study.
Based on Informed Consent Documentation, 94 SNAs (59%) in the
Assigned VR condition and 82 (61%) in the VIPER® condition
either withdrew from or did not complete the study. Data
presented in this report only include participants who completed
study regquirements.

4.1.3 Instructors, Stakeholders, and Leadership

The research team also collected feedback from instructors
through a wrap up gquestionnaire towards the end of the study.
Although stakeholders and leadership were invited to
participate, out of the eight solicited for feedback, only the
two IPs who were involved enough to be familiar with the VIPER®
program, development, and evaluation responded. They provided
feedback on VIPER®’s capabilities and limitations as well as
providing recommendations for future development and integration
into the syllabus.

4.2 Materials and Apparatus

4.2.1 Materials
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To prepare for the study, the research team in collaboration
with IPs developed and distributed a T-6B Curriculum Breakdown
Survey; a T-6B VIPER® Maneuver Feedback Questionnaire; and
Participant Binders containing study materials, a syllabus
outlining the practice scenarios, and the T-6B VIPER® SNA
Questionnaire. In addition, IPs developed an Introduction
Session for Assigned VR and VIPER® participants.

T-6B Curriculum Breakdown Survey

This survey was developed to capture initial feedback from IPs
on what phases of training VIPER®’s capabilities would best
support (see Appendix 4). The survey is sectioned off into the
five phases of the Primary syllabus (Ground, Contacts,
Instrument, Navigation, and Formation). IPs were asked whether
or not VIPER® could support each training block within the five
phases with response options of “yes,” ”“no,” and “maybe” and
were also asked to explain their responses. These data were used
to inform maneuver development within the VIPER® system and
scenario development for the study most appropriate for the
curriculum.

T-6B VIPER® Maneuver Feedback Questionnaire

The IPs were asked to provide feedback on initial maneuvers
developed by DMI and verified for accuracy by CNATRA (see
Appendix 5). IPs provided feedback on 33 maneuvers by first
flying those maneuvers and then answering questions about VIPER®
accuracy and effectiveness. For example, how accurate was VIPER®
at: monitoring the aircraft, providing instruction prior to
maneuver, and providing feedback upon completion of maneuver.
These questions were rated on a 6-point Likert scale from “not
accurate at all” to “extremely accurate.” The survey also asked
about effectiveness of student instruction on a 6-point Likert
scale ranging from “not effective at all” to “extremely
effective.” The questionnaire closed with open-ended items
focusing on VIPER®’s usability. These data were used to fine-
tune maneuver accuracy and prepare the system for the
evaluation.

Introduction Session and Scenarios

IPs were asked to develop a single-session introduction course
to inform participants of the study and familiarize them with
the ITDs prior to use. IPs also created nine scenarios utilizing
the maneuvers developed in VIPER® where seven scenarios focused
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on the Contact Phase and two on the Instruments Phase of
training. These scenarios provided details on both the mission
and training objectives, suggested study reference, starting
state of the aircraft, and maneuvers to be practiced.

Participant Binders

The binders were distributed to SNAs from both experimental
conditions participating in the study. The only differences
between the materials provided to each group was that the VIPER®
participants received a VIPER®-specific user guide and the T-6B
VIPER® questionnaire. The binder materials included the
following:

e TRB participation documentation (the Privacy Act for review
and the Informed Consent Document (ICD) to read and sign)

e Reference sheet for on-site device support

e FEvaluation syllabus containing flight scenarios to
practice. The scenarios employed the following VIPER®
maneuvers?>:

Takeoff

Power on Stalls

Approach Turn Stall

Landing Attitude Stall

GX

Steep Turns

Level Speed Changes

Landing Pattern

ILS Approach

Localizer

Unusual Attitude Recovery (VMC)
Unusual Attitude Recovery (IMC)
Slow Flight

Radial Intercepts

Arcing

Arc and Radial Intercepts
Constant Airspeed Climbs
Constant Airspeed Descents
Waveoff

Precautionary Emergency Landing (PEL)
Precautionary Emergency Landing in Pattern (PELP)

O OO0 O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0oOOoOOo

5 Note: Only 26 of 33 developed maneuvers within VIPER® were used in order to have events most representative
of actual syllabus events as well as leveraging the most developed and accurate maneuvers within the system.
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Turn Pattern

Power Off Stall

Aborted Takeoff
Intentional Spin

VFR Straight-In Approach

O O O O O

e Start-up guide for both the ITDs and VIPER® systems that
included basic operating procedures (start-up,
login/logout, set scenario parameters, navigate the system,
and care for the system), troubleshooting instructions, and
sanitizing procedures based on COVID-19 Command policy

e Togbook to track practice session start and end times,
scenarios completed, repetitions of maneuvers, and issues
encountered (see Appendix 7)

e T-6B VIPER® SNA Questionnaire for feedback on usability and
utility (see Appendix 6)

T-6B VIPER® SNA Questionnaire

SNAs in the VIPER® condition, were given a 37-item questionnaire
to provide feedback on their experience with the system (see
Appendix 6). SNAs were asked to provide brief demographic
information. SNAs provided feedback on the quality of the
instructor-led overview on a 4-point Likert scale from “not
helpful at all” to “extremely helpful.” Other items focused on
effectiveness of VIPER® for their current Primary curriculum, 4-
point Likert scale ranging from “not effective at all” to
“extremely effective. There were also items regarding the
effectiveness of each maneuver practiced using the same 4-point
effectiveness scale. SNAs were also asked to provide their input
on whether or not VIPER®’s feedback was timely, accurate, and
informative. The survey concludes with items addressing VIPER®'s
reliability, functionality, and ease of use on a 4-point scale
ranging from “strongly disagree” to “strongly agree.” These data
were collected to provide qualitative feedback about the
system’s attributes.

T-6B VIPER® Wrap-Up Questionnaire

At the conclusion of the study, a 1l2-item gquestionnaire was
emailed to IPs, stakeholders, and leadership to obtain their
feedback on VIPER®’'s overall potential and capability (see
Appendix 8). The gquestionnaire consisted of free-response items
divided into three sections: overall usability, coaching and
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feedback, and implementation. Items covered, but were not
limited to the following topics: the benefits and limitations of
the system, their experience with major components of the
system, improvement in instruction, and improvement in SNA’s
flight skills. These responses were used to identify trends
about VIPER® as well as recommendations for improvements.

4.2.2 Apparatus

During the evaluation, four T-6B ITDs housed in a separate room
from other virtual trainers were utilized for uploading the
VIPER® program and data collection. The ITDs consist of desktop
computers configured with head mounted displays, flight controls
(control stick, throttle, and rudder pedals), flight simulator
software, and a flight model of the T-6B Texan II aircraft. The
same four devices were used for both the control and
experimental conditions to practice the prescribed scenarios,
see Image 1.

Image 1: T-6B ITD at NAS Corpus Christi, TX

4.3 Assumptions
It is assumed this study had no impact on the training schedule

or the syllabus for the T-6B community. Performance data
collected from aircraft training sessions were a part of
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CNATRA’s traditional grading and training feedback process. All
data were delivered electronically via a secure mechanism from
CNATRA to the NAWCTSD research team for data analysis purposes.
Study participants practiced all of the scenarios developed for
the evaluation and used the resources that were provided
appropriately. Participants from the Assigned VR condition were
not exposed to any VIPER®-related features and SNAs in the
Archival condition had little to no VR experience during their
Primary Training.

4.4 Procedures
4.4.1 Preparation for Data Collection

In preparation for data collection, DMI provided an introductory
overview of VIPER® to IPs and stakeholders. From there the IPs
provided a list of maneuvers that would be appropriate for
practice within the system. DMI and CNATRA engaged in an
iterative process for development, testing, and feedback. Once a
validated list of maneuvers was delivered, the research team
distributed the Curriculum Breakdown Survey along with the
VIPER® Maneuver Feedback Questionnaire to be completed by IPs.
Based on IPs’ responses, additional development was required to
fine-tune targeted maneuvers and system abnormalities
experienced.

During this time, IPs created the introduction session as well
as nine scenarios for practice on the ITDs with or without
VIPER®. In parallel, the research team finalized measures and
created participant binders to be distributed to each SNA at the
start of the study. Scenarios mainly focused on maneuvers in the
Contact Phase and the first few events of the Instrument Phase.

4.4.2 Study Design for Data Collection

A two-tailed G-Power Analysis was conducted with an effect size
of 0.12, significance level of 0.05, and a power of 0.90. The
power analysis revealed a recommended minimum number of 64 SNAs
per condition (i.e., Assigned VR and VIPER®) executing 18 or
more training hours in the ITDs to be able to detect medium-
sized (approximately half a standard deviation) significant
effect between groups. Assuming a class of 8-15 SNAs would enter
into the study weekly, the research team planned to collect data
from multiple classes.
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To start the experimental portion of the study, CNATRA personnel
provided introduction sessions of the ITDs for the VR condition.
Sessions were conducted weekly, timed with the start of each new
class of students entering Primary Training. At this time, SNAs
were provided the Privacy Act statement and Informed Consent
Document to read and sign. The SNAs were reminded that
participation was voluntary and given contact information for
any questions they may have about the study. CNATRA personnel
also provided each participant with the data collection binders.

Next, SNAs were asked to complete the 18 practice hours in the
ITDs over a 9-week period, working around their normal training
schedule. It was estimated each prescribed scenario would take
an hour to adequately complete, therefore, SNAs were encouraged
to complete each of the nine practice scenarios twice to reach
their 18 hours. Every week, SNAs were required to complete
logbooks which were verified by CNATRA personnel and
electronically delivered to the NAWCTSD research team.

Once all the Assigned VR SNAs were underway and VIPER®
development was completed, CNATRA personnel provided
introduction sessions for SNAs in the VIPER® condition. Similar
to the Assigned VR condition, data collection binders were
distributed, with the addition of a VIPER® startup guide to help
SNAs access pre-developed scenarios and the questionnaire to
allow SNAs to provide feedback on VIPER®'s utility and
usability.

At the completion of data collection for each group, performance
data from Contact and Instruments events were collected for
comparison. Performance data were also obtained for the Archival
and Free VR groups. Finally, IPs, leadership, and stakeholders
who interacted with VIPER were invited to provide feedback via a
wrap up guestionnaire.

Analyses

For performance data, all analyses were conducted in IBM SPSS
Statistics 26 for Windows (IBM, Armonk, NY) with default
settings. A two-tailed alpha level of .05 was used for
significance in all analyses. Due to violations of normality,
violations of homogeneity of variance, and unequal sample sizes,
Mann-Whitney U tests were used to conduct pairwise comparisons
of the Archival, Free VR, Assigned VR, and VIPER® groups. Two
effect sizes are also reported. As a nonparametric effect size
related to Mann-Whitney U, the research team calculated n? on
ranks, that is, the proportion of variability in ranks
associated with group membership. In addition, to provide a
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clearer picture of the size of VR and VIPER®’s effect on
performance, the research team calculated Hedges’ g, that is,
the difference between groups measured in standard deviations.
However, Hedges’ g in this report should be interpreted with
caution, due to the violations of the normality and equal
variance assumptions.

The primary performance comparisons between groups were the
comparisons of grades (referred to as Event Raw Score, ERS). In
each event, a number of maneuvers are completed, and each
maneuver has a minimum required grade, known as the Maneuver
Item File (MIF). ERS is calculated as:

Sum of Maneuver Grades
Sumof MIF

Thus, an ERS of 1 indicates adequate performance, less than 1
indicates poor performance, and greater than 1 indicates better-
than-adequate performance. If VIPER® SNAs had better performance
than the other groups, then their ERS should be higher. ERS was
compared between the four groups for flights (4000-level events)
in the Contact and Instruments Phases only. This is because IPs
deemed VIPER® to be best suited for aiding SNAs at these stages
and therefore designed scenarios to prepare SNAs for Contact and
early Instruments events. Contact and Instruments are the first
two phases of the syllabus that include live flights. Live
flights were the focus of this evaluation because they represent
the most critical measures of pilot performance. Events included
in the comparisons are listed in Table 3 of (Appendix 1).

Beyond event grades, 4000-level events marked with various
modifiers (adaptation sorties, practice sorties, warmup sorties,
extra training, progress checkrides, repeats, and unsatisfactory
events) were also compared between groups for Contact and
Instruments events, as higher numbers of these events can serve
as an indicator of worse performance or reduced training
efficiency. However, counts of modified events were unavailable,
as the data received only contained the final instance of each
event and did not include multiple iterations. For example, if
an SNA completed event C4101 three times, then the event was
repeated twice, but only one repeat (the third/last attempt)
would be recorded in the data file. Therefore, in order to
approximate the relative frequency and evaluate potential group
effects, the percentage of events marked with each modifier code
was calculated for each SNA. Additionally, by employing
percentage rather than raw counts, it accounted for variation in
the number of events completed and recorded for each SNA.
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Finally, the research team counted the number of participants
who received at least one “Unsatisfactory” rating compared to
those who received none. These counts were compared between
groups using Fisher’s Exact Tests. As with ERS, comparisons were
limited to the Contact and Instruments phases.

For feedback data, the research team summarized responses to
both the SNA and wrap-up questionnaires. Due to low response
rates and the fact the SNA questionnaire was administered to
SNAs who used different versions of VIPER®, statistical analyses
of ratings were not conducted, other than median and
interquartile range for some specific responses of interest. As
a result, the team focused largely on identifying feedback
trends and highlighting recommendations from the qualitative
data.

It is important to note these analyses included participants who
used VIPER® in its initial operational state. DMI further
developed VIPER® based on feedback from the SNAs, including
updates to increase reliability and address frequent system
crashes resulting from interactions with other ITD software
programs and updates. Thus, performance and feedback results may
be less strongly positive than they would be in a future
analysis in which the more reliable version of VIPER® was the
only version used.

5. Results

The research team felt it important to explain a few limitations
in interpreting the data prior to the discussion of the results
to allow for better understanding of the findings below.

e According the IP focus group, students in the VIPER®
condition may have completed some of their practice hours
without VIPER® enabled, making practice similar to those in
the Assigned VR group. This would introduce an
unanticipated confound in this evaluation by reducing
differences between the VIPER® and Assigned VR conditions.

e High study attrition rates in the Assigned VR and VIPER®
conditions may indicate that only highly motivated and high
performing students completed the study in these groups.
This may have affected results, such that Assigned VR and
VIPER® performance appear higher than it would be with a
more representative sample of students.
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e Frequencies of event modifier codes could be attributed to
situational factors like scheduling and weather, making it
difficult to identify the true cause for the addit