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Abstract
This article examines the effectiveness of using virtual reality training environments for procedural training in fourth
generation airliners. It is based on a study that assessed whether the training outcomes from a current recurrent
training course for FAA certificated airframe and power plant technicians, which used a full flight simulator (FFS)
to deliver and assess training, differed from the same training delivered using a virtual reality (VR) device. The
study used an experimental design with three groups, and two within-group measures of training effectiveness.
The control group followed the current training programme and was assessed in the FFS, while the second group
was trained using a VR device and was subsequently assessed in the FFS. Training effectiveness was assessed
using a modified Global Evaluative Assessment of Robotic Skills (GEARS) tool that measured both cognitive and
psychomotor aspects of learning alongside the time to successful completion of the assessed task was also measured.
The population sampled for the study were all Federal Aviation Administration (FAA) certificated airframe and
power plant technicians who were engine-run qualified; a total sample of 100 was used to achieve a 95% confidence
interval (p < 0.05). The hypothesis under test was that there is no difference in test performance between the three
groups. A multivariate analysis of covariance (MANCOVA) analysis was performed using the GEARS scores and
time to completion as variables, and the null hypothesis was retained. The VR system, as tested, was found to
provide equivalent task performance to the traditional training method. Recommendations for future research and
ongoing application of the specific experimental methodology were provided.

Nomenclature
AMT aviation maintenance technician
A&P airframe and powerplant certificated technician
AR augmented reality
AViATE Aerospace Virtual reality Assessment of Training Effectiveness
CBT competency-based training
CFR code of federal regulations (USA)
EBT evidence-based training
EASA European Aviation Safety Agency
ECAM electronic central aircraft monitoring
ELOS equivalent level of safety
FAA Federal Aviation Administration
FFS full flight simulator
FTD flight training device
GEARS Global Evaluative Assessment of Robotic Skills
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HID human interface device
ICAO International Civil Aviation OrganizationIRB institutional review board
MRO maintenance and repair organisation
PTT part-task trainer
SPSSTM Statistical Package for Social Science (IBM – Software package V28.0.0.0)
TAM technology acceptance model
VR virtual reality

1.0 Introduction
Aircrew and aircraft maintenance technician training can take place in many different formats, but the
traditional approach has been to deliver the theory portion in a classroom setting, and then move onto
progressively more advanced training tools before progressing to the actual aircraft. This approach is
used for both pilot training, where the training tools are used to simulate an aircraft in flight, and main-
tenance technician training, where the tools are used to simulate the function of the various aircraft
systems and to promote understanding of how they function in a maintenance setting. In many pro-
grammes the final stage of training takes place in the full flight simulator (FFS), which replicates the
functions, sounds, vibrations and motion of the aircraft in a fixed indoor facility. An FFS replicates the
responses and handling of a physical aircraft and its systems from a cockpit perspective, thereby reducing
costs and freeing up the aircraft to perform revenue flights. The most advanced simulators incorporate
motion, sound and visual effects, and allow pilots and technicians to become qualified by using only the
FFS; such is their similarity to the real world [4].

1.1 The regulatory environment of aviation training
Training for licensed and/or certified aviation crewmembers and technicians is governed by the Federal
Aviation Administration (FAA) in the United States, the European Aviation Safety Agency (EASA) in
the European Union, and other national and pan-national authorities worldwide. Each has its own set
of regulations that govern licensing, and in the United States these are drawn from the Code of Federal
Regulations (CFR), Part 14. Training organisations are closely regulated, and specific approval is given
for the facilities that are used for training, the approved devices with which training can be conducted,
the specific course content and syllabi that are used to deliver training and the order in which training
events are sequenced [12]. If it is desired to deviate from an already approved course, or method of
instruction, additional approval is required.

1.2 Virtual reality training
One area that holds immense promise to supplement or replace the use of FFS in training is virtual
reality (VR). VR is defined as ‘the use of computer graphics systems in combination with various dis-
play and interface devices to provide the effect of immersion in the interactive 3D computer-generated
environment’ [27]. Pure VR is a powerful tool that synthetically generates images, information, sounds
and haptic feedback through its interfaces, and is viewed on a continuum with both VR and the real
environment as shown in Fig. 1.

The goal of VR is to produce a synthetic environment in which the user can interact, explore and
influence. Through the use of vision systems (VR head-mounted devices) and various human interface
devices (HIDs), the user can interact with the virtual environment as if it were real. When compared
to part-task trainers and flight training devices (FTDs), VR is considered an immersive simulation
technology and is actively being explored for use in maintenance and pilot training [20].

Major airline training providers, the airlines themselves and other third-party training providers are
currently examining the use of VR environments to reduce their overall dependence on the FFS, and its
associated infrastructure, for the training of pilots and maintenance personnel. A VR system that lets the
trainee interact with the aircraft, in much the same manner as in the FFS, has the potential to revolutionise

Downloaded from https://www.cambridge.org/core. 29 Oct 2025 at 20:01:50, subject to the Cambridge Core terms of use.

https://www.cambridge.org/core


The Aeronautical Journal 3

Figure 1. Simplified representation of the reality-virtuality (RV) continuum.
Note: Adapted from ‘Augmented Reality: A Class of Displays on the Reality-Virtuality Continuum’ by
P. Milgram, H. Takemura, A. Utsumi, and F. Kishino, 1995, Proceedings SPIE: Telemanipulator and
Telepresence Technologies, p. 283 (https://doi.org/10.1117/12.197321). Copyright 1995 by SPIE.

airline training. It would both reduce costs and improve access to training devices due to the much
smaller footprint and infrastructure required for the VR system. Portions of initial or recurrent training
could be conducted using a VR platform, thereby reducing the demand on the FFS, and improving
trainee throughput by optimising the time spent in the FFS. VR training could be particularly effective
in teaching maintenance technicians how to perform sequences in the flight deck, such as running the
aircraft’s engines, and could replace the FFS entirely for recurrent training requirements [19]. Recurrent
engine-run training does not involve use of the FFS motion capabilities, so it is highly desirable to find
an alternative means of delivering this training that would free up currently used FFS slots. VR tools
that have been successfully used in the medical field to train surgeons on procedures and techniques,
particularly for robotic surgery, are only beginning to be adapted for use in education, aviation and
industry. Interest in the field of VR training is expanding; however, ‘over the last three decades there
have been limited reviews covering the effects of VR on training’ [2].

1.3 Problem statement
Certifying agencies must approve every part of a certified training programme. This means that when
an operator or school wants to adopt a new way of teaching, or a new delivery method, no matter how
promising, they must get certification for their programme. To introduce a VR system for training in
an airline environment, the training must be proven to be at least as good as the training provided by
the current certified systems in order to provide an equivalent level of safety (ELOS) [12]. The use of
immersive simulation outside the FFS has seen limited study, and limited studies of the effectiveness
of VR training in an aviation environment have been found [15,28]. This is significant given the public
perception that aviation is at the forefront of using simulation technologies such as the FFS. In practical
terms this means that a new system using VR must be designed, perfected, validated and then certified
by the certifying authority prior to use. This required certification is a significant barrier to the use of VR
in training, and one that must be overcome before this technology sees significant use in the industry. To
provide the certifying authority evidence of the suitability of a VR training suite would require a study of
the effectiveness of training conducted under a VR environment, compared to training conducted in an
FFS. There is no currently accepted methodology for proving the ELOS required by the FAA, and other
national regulatory authorities, to implement an expanded use of VR in training. This study proposes
a method for assessing this ELOS and evaluates an existing VR training solution using the proposed
method.

1.4 Purpose of study
The current study assessed the effectiveness of VR delivered training as compared to traditional train-
ing as currently delivered in an FFS. Its purpose was to provide a quantitative study, using robust
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experimental methods and an adequate sample size, to examine the causal relationship between the use
of VR training and subsequent task performance of the subjects. Airframe andpowerplant (A&P) tech-
nicians, certificated by the FAA to conduct engine runs, were assessed on selected tasks post-training
to allow for a quantitative assessment of the effectiveness of VR training as compared to training deliv-
ered in the FFS. The group that underwent VR training was further sub-divided into two sub-groups
depending on whether or not the subjects had previous exposure to commercial VR systems to exam-
ine if prior exposure to VR had a measurable effect on task performance. The subsequent comparison
between the subjects who received only FFS training, and the two sub-groups who received VR train-
ing, allowed conclusions to be drawn as to the relative performance of the groups trained via VR versus
the group that received training as it is currently delivered. This study developed an instrument that
combines high validity and reliability in measuring VR training effectiveness in a multivariate approach
that can be replicated and further developed by future researchers. The competencies for A&P engine–
run training are not significantly different between A&Ps and pilots interfacing with the same aircraft
systems and performing similar tasks (i.e. starting engines, using checklists and reacting to abnormal
situations), which allows for the generalisation of results beyond maintenance technicians to any other
training involving identical competencies using a VR environment to replace an FFS.

1.5 Research question
The research question of this study was: does VR delivered A&P engine-run recurrent training produce
equivalent test performance when compared to training in the FFS, when we control for the subject’s
level of experience both as an A&P and in conducting engine runs?

1.6 Hypotheses
The present study compared the training results of three main groups: one that received engine run
recurrent training as currently delivered in an FFS, and two that received training delivered in a VR
environment. The two VR-trained sub-groups consisted of one containing subjects who had never used
a VR system before (VR), and the other with subjects who had exposure to commercial VR systems
(VR Exp). The results across the three groups were then compared to determine if there was a statisti-
cally significant difference between them. The null hypothesis for this comparison was that there was
no difference between the groups, and the alternative hypothesis was that a statistically significant dif-
ference was observed. As there were three distinct groups to be compared (FFS, VR and VR Exp), and
two dependent variables per group (Score and Time to Completion) that were further broken down, a
MANCOVA analysis was used. The hypotheses were:

HA0: There is no collective statistically significant difference in test performance between the groups
when controlled for A&P and engine-run experience.

HAa: There is a collective statistically significant difference in test performance between the groups
when controlled for A&P and engine-run experience.

Covariates were included in the analysis to assess if either the experience levels of the A&P techni-
cians (measured in years holding an A&P license), or the number of years that they had been performing
engine runs, influenced the dependent variables.

1.7 Limitations and assumptions
Only FAA qualified and certificated A&P technicians participated in this study, which limits the appli-
cability of the immediate results to aviation maintenance technicians (AMTs) certificated under the
applicable FAA 14 CFR § 147 training and licensing programme. The technicians were already qual-
ified to perform engine-run maintenance tasks on aircraft and met all requirements for recency and
currency to undertake annual re-qualification training; this limits the results of this study to recurrent
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training scenarios where the goal is to refresh and update knowledge, rather than present knowledge and
systems for the first time for the purposes of an initial qualification.

2.0 A review of relevant literature
The use of VR trainers in the field of aviation is a new and emerging domain. A survey of the literature
on their use in aviation, standards of application for VR systems and evaluation of their results over the
last 30 years, turns up a surprisingly limited list [28]. Fussell [15] found the same issue when conducting
a study of student’s intentions to use VR for flight training: little attention has been paid to the subject
using objective measures that focus on the ability of this technology to support specific training out-
comes [2]. VR applications in aviation are either too new to have been extensively studied, or in those
instances where they have been used the corporate or security environment precludes a public discussion
of their effectiveness. Renganayagalu et al. [28] found in their survey of VR studies that ‘many train-
ing effectiveness studies reviewed lack experimental robustness due to limited study participants and
questionable assessment methods’. A search of other fields is therefore in order, and where VR training
has been used or studied the methodologies employed should be analysed and applied to the aviation
training environment.

2.1 Competency-based training
Aviation training at both the professional flight school and the airline level has moved towards a
competency-based training (CBT) model. CBT has its roots in behaviourism, as represented in the works
of experimental psychologists like Watson, Pavlov, Thorndike and Skinner, whose legacy has led to a
focus on observable behaviours [24]. Behaviourism focuses on observed behaviour as an indicator of
learning, and CBT seeks to use observed skills and behaviours to both teach and assess competency
[16]. Rutherford [32] contends that competency is measured by assessing the successful application of
learned skills and behaviours towards the satisfactory completion of a task.

Consider the task of landing an aircraft. This task can be deconstructed into behaviours such as main-
taining a set descent rate (e.g. the approach glide path), maintaining tracking (e.g. keeping the aircraft
centred on the runway) and flaring the aircraft at the correct place and rate. These three behaviours can be
taught and then combined into a landing task for a student pilot. Competency is then judged by observ-
ing the correct application of those behaviours, and if a hard landing occurred it could be traced to a
misapplication of an observed behaviour (e.g. a hard landing could be due to a late flare, which is linked
to the ‘flare the aircraft’ behaviour) [14]. A student pilot would be considered to be competent at the
landing task when all three behaviours were correctly applied, and an acceptable landing was observed
when the behaviours were combined. Provided that the delivery of the content is based on CBT princi-
ples, and that the evaluated competency can be clearly observed and judged, the system will be agnostic
to the means of delivery or instruction of the content. This fact makes it well suited to an experimental
study as the normal evaluation of skills taught in a CBT environment is through observation, and those
same observations can be quantified and tested against various hypotheses [21].

The FAA advocates the use of Bloom’s taxonomy to describe and evaluate different stages of learning
throughout flight instruction [11]. Bloom’s taxonomy classifies educational goals into three separate
and individually observable domains: affective, psychomotor and cognitive. The three areas of Bloom’s
taxonomy, however, are not equally suited to observation in the evaluation of a CBT skill. Psychomotor,
and elements of the cognitive domain, can be readily assessed through observation, while the affective
domain requires different methods or longer-term observations to evaluate. The answers to questions
surrounding the affective domain would need to come from the students themselves, suggesting that a
survey or interview method would be more appropriate to studying this domain [34].

2.2 The use of VR in education
The use of both VR and augmented reality (AR) in education has evolved slowly over the last decade, and
a series of studies have been conducted across various fields to assess their usefulness as teaching aids
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and platforms. The meta-analyses conducted by Renganayagalu et al. [28], Wang et al. [37] and Ibáñez
and Delgado-Kloos [18] listed many benefits associated with the use of AR/VR in education and train-
ing. Benefits were found in the areas of learning outcomes, pedagogical contributions and interactions,
and visualisation of abstract concepts. VR has the capability to detach advanced and complicated learn-
ing from its associated laboratories and facilities, but Wang et al. [35] note that it is still in its infancy;
more work remains to be done to determine the true effects of using virtual or semi-virtual environ-
ments for the learning of skills that require a specific manual or psychomotor component. Studying the
effectiveness of VR training in a recurrent training environment has the advantage of using subjects
who have already demonstrated mastery of the manual skills required to perform the required tasks;
this allows researchers to focus on the effectiveness of the training medium in transferring knowledge,
independently from the acquisition of manual skills by the trainees. Such a study performed with A&Ps,
training on flight deck systems, is an important first step in determining VR training effectiveness. The
results have the potential to move us to fundamentally rethink current learning practices [5].

2.3 Measurement of students’ success
In order to accurately assess real world performance and training results, it is insufficient to use uni-
variate measures of success. Results can be best measured as a combination of both time and errors,
as demonstrated by Chittaro et al. [7] and supported by Ahmedyanova [3]. This addresses the main
measures of success in the FFS environment, which include both accuracy and timeliness of actions.
Development of a multivariate assessment model for VR effectiveness is critical to continued research
in this domain as ‘Current standards of research have failed to provide a standard of measure against
which virtual reality flight training can be compared’ [36]) This multivariate approach, which includes
time as a measure of success, is appropriate in fields where the professional technical competence of
the subjects strongly predisposes them to both correct and timely completion of a task, such as in the
case of licensed aviators and mechanics, or of medical personnel. In addition to surgical technique, time
to task completion is a critical measure of surgical competence as it accounts for the time window in
which a patient is exposed to the risk of being under anesthetic, surgical discomfort and exposure to
infection [17]. In aviation maintenance mechanical competence is vital, and the time element relates
directly to the economics of the operation; an A&P who can successfully complete three tasks in the
time that it takes another to complete two is worth more to an airline. As such, there is a continuous
push towards efficiency in A&P training, and the first order measurement of this in training is the time
to task completion.

2.4 Assessment tools for VR platforms
The medical field has struggled with similar training issues as aviation and has attempted to advance the
study of the effectiveness of VR training through a number of experiments using VR training devices
to help surgeons manipulate robots to perform laparoscopic procedures. Chen et al. [6] performed a
meta-analysis of all current methods of objectively assessing robotic surgical technique and concluded
that ‘No universally accepted robotic skills assessment currently exists’. They found that assessment
techniques generally fall into two broad categories: those that use automatic means of evaluation, pro-
vided through the training devices themselves; or those that rely on manual assessment and use some
form of structured evaluation [6]. Hoogenes et al. [17] used a validated manual assessment tool, Global
Evaluative Assessment of Robotic Skills (GEARS), to conduct a randomised comparison of two robotic
VR simulators, and an evaluation of the trainees’ skills transfer to a simulated robotic urethrovesical
anastomosis task. Figure 2 shows a representative GEARS tool, developed for use in assessing a robotic
surgical procedure. Hoogenes et al. [17] experiment involved 39 medically qualified participants who
underwent a VR based training session on one of two different VR training devices and were then asked
to perform a simulated surgical procedure. The GEARS evaluation assessed trainee performance on a
technical level, and trainees were also measured on their task time to completion. The GEARS rating
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Figure 2. GEARS scale adapted for robotic surgery.
Note: Adapted from Robotic surgery training: construct validity of Global Evaluative Assessment of
Robotic Skills (GEARS) (p. 229), by Ref. [29].

tool ‘consists of a 5-point anchored Likert scale across 6 domains that deconstruct the fundamental ele-
ments of robotic surgical procedures’ [17]. A direct comparison of surgical performance and task time
to completion between the two differently trained groups was then possible, and conclusions were drawn
about the relative effectiveness of the VR training devices.

Schulz et al. [31] conducted a non-randomised evaluation of the use of VR training for surgical pro-
cedures. It used self-evaluation questionnaires that covered both the technical aspects of the surgery,
and the speed with which the surgeons were able to perform the tasks. While this study centred more
on the surgeon’s confidence to perform these procedures, it also found strong evidence of the effec-
tiveness of VR training in preparing surgeons for specific tasks [31]. Neumann et al. [26] conducted a

Downloaded from https://www.cambridge.org/core. 29 Oct 2025 at 20:01:50, subject to the Cambridge Core terms of use.

https://www.cambridge.org/core


8 McCullins et al.

variation of the two previous studies, and assessed the difference in effectiveness between a group of
medical students who underwent VR training on a specific procedure, and another group who viewed a
traditional video tutorial by an expert surgeon. Their evaluation included procedure time, and a series of
technical elements, which were recorded automatically by the simulator. Schmidt et al. [30] also stud-
ied the evaluation of laparoscopic VR training and concluded that objective feedback, in the form of
single parameters, made overall evaluation of trainees’ performance difficult, and that an expert-based
composite scoring system such as GEARS was needed.

Strong parallels exist between the teaching and employment of robotics in the field of medicine and
the teaching and use of highly automated systems in the latest generation of airliners. Abbott [1], FRAeS,
an FAA researcher in the field of artificial intelligence and complex systems, likened the modern airliner
to a flying robot. Robotic surgery and modern airline operations use highly skilled and knowledgeable
experts in their respective tasks (as evidenced by their qualifications and certificates), each requires the
manipulation of complex automatic systems through specific user inputs, and both provide an output that
is influenced by the specific user input received. Mindell [23] reminds us that it is the human who remains
at the core of the process, and that is why the training and education that they receive must be scrutinised,
understood and assessed. It is through this training that effective interaction with a robotic interface
is enabled, and that these professionals learn how to do their jobs in a safe and efficient manner. The
elements of the evaluation of VR training environments in the robotic medical field can be easily adapted
to the aviation environment and can serve as a valuable tool with which to assess the effectiveness of
VR training environments in aviation.

2.5 Validity of the GEARS construct
Sánchez et al. [29] performed a cross-sectional study to directly assess the construct validity of the
GEARS tool in differentiating between varying skill levels of subjects performing robotic surgical pro-
cedures. In addition to the GEARS tool, time to complete a procedure was also used as a discriminator
between groups assessed as having the following degrees of experience in robotic surgery: expert, inter-
mediate and novice. They found that the GEARS tool had a high reliability, with an inter-observer
coefficient of r = 0.96; all fields of the tool were found to provide excellent discrimination between the
groups with the exception of ‘depth perception’, which was found to be equal between all groups by
virtue of the outstanding qualities of the robotic system being used. This suggests that GEARS is an
appropriate tool to adapt to the evaluation of A&P procedures learned on a VR system; however, care
must be taken in choosing the fields that are being evaluated lest the quality of the systems being used
and tested compensate for a student’s deficiencies that may otherwise be present.

2.6 Gaps in the literature
Renganayagalu et al. [28] reviewed studies on the effectiveness of VR training over the last 30 years
and extracted a total of 60 studies to analyse. They found a total of 30 articles published in the period
spanning 1988–2013, with a further 30 articles published 2013–2018. In their survey they noted a lack
of experimental robustness in existing studies, small sample sizes and questionable assessment methods.
Abich et al. [2] conducted a similar review and noted that most current research focuses on hardware
and software development, and not on the ability of VR to deliver appropriate learning outcomes. While
there are a number of VR systems in use in the private and military sector, a lack of accessible reporting
on them seems to indicate a level of classification or proprietary information present that prevents assess-
ment and study of their usefulness. Both Abich et al. [2] and Renganayagalu et al. [28] identify a need for
further experimental study of VR learning outcomes, properly specified and controlled, with adequate
sample sizes. Cross and Ryley [9] studied the effectiveness of VR systems in providing collaborative
VR learning using competency-based training and assessment (CBTA) methods, but also acknowledge
that their study has an increased likelihood of Type 2 errors due to the small sample size.

As discussed in the introduction, certifying authorities set a high bar for the certification of a system
to be used in the training of aviation technicians, and these certification requirements present a barrier
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to the introduction of VR training in the commercial sector that is yet to be overcome. Adapting and
using the GEARS tool for the evaluation of a VR system for training A&P technicians accomplishes
two things: firstly, it provides direct comparative data to assess the suitability of a VR tool to deliver
recurrent training; and secondly, it delivers a tool adapted for the aviation training environment that can
be used in future applications to streamline the certification of other VR platforms in this domain. This
study effectively provides a validation of an existing tool in a controlled experimental setting, while also
providing a method that could be used with other VR systems to facilitate their certification.

3.0 Methodolgy
3.1 Research method selection
A quantitative study of training effectiveness was selected in order to produce the required data to satisfy
the regulatory requirement for an ELOS. The data was collected in the field from actual certificated
operators and then compared with existing training systems. In order to assess if VR delivered engine-
run recurrent training, delivered to already qualified and certificated FAA maintenance technicians,
produced equivalent training results to a course delivered in an FFS, a between-groups experimental
study was performed to directly compare training results between FFS and VR trainees. This quantitative
study used a pure experimental method to directly compare observed results between the experimental
(VR) and control (FFS) groups. The VR group was then divided into two sub-groups, one that had no
prior experience with VR systems and one that had previously used a VR device. Prior exposure was
determined from the participant information form and was considered to be any previous use of a VR
system or VR technology reported by the subjects.

3.2 Data collection process
The study was conducted using a 3 × 4 experimental design with three between-subject group indepen-
dent variables (i.e. training method: FFS or VR, with the VR group being subdivided into groups with
prior exposure to VR systems or those with none) and four measures of learning effectiveness (over-
all GEARS score, cognitive GEARS score, psychomotor GEARS score and time to completion). This
yielded three total groups for comparison across four measures each. No pre-test was permissible as this
would have provided additional refresher training beyond what a student would normally get and would
therefore have rendered the results of the evaluation non-representative of a normal course [34].

Following the prescribed training, assessment was conducted in an EASA and FAA certified level
D FFS, which is considered as equivalent to an aircraft for training and licensing purposes. Students
were quantitatively assessed during an engine-run scenario in two areas: procedural accuracy using
the GEARS tool, and time to completion. In order to account for varying levels of experience of the
technicians within the sample, these main groups were controlled based on the years of experience as
a certificated A&P technician and the number of years that they have been performing engine runs,
reported in the training entry information forms that are required for all students undergoing training.

3.2.1 Design and procedures
This study was performed using a full VR platform based on a commercial Oculus Rift VR headset,
compatible hand controllers, using the Microsoft XR platform. The VR environment was a commercial
simulation of a fourth-generation airliner that is currently in service, and the flight deck environment
was fully VR modelled and interfaced with using the VR device and hand controllers. Students for
the engine-run requalification course were trained in groups of three, per an approved syllabus. Once
students were checked into the training facility, they underwent a block of classroom training to cover all
required topics for the engine-run requalification. Following this training, trainees were briefed on the
nature of this study and offered a chance to participate. Those who chose to participate were then guided
through the informed consent process, and each trainee was randomly assigned to either the VR or FFS
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group. Students assigned to the VR group completed a recurrent training sequence delivered by the VR
platform and were then evaluated in the FFS. The FFS students completed the regular recurrent training
programme in the FFS, and then underwent the same evaluation. The training schedule was arranged so
that both the VR and FFS students completed their evaluations having received approximately four total
hours of training, thus ensuring that fatigue was equivalent for each student and was also representative
of what could happen with a normal training schedule. All training and evaluation was individually
performed.

3.2.2 Modified GEARS scale: aerospace virtual reality assessment of training effectiveness (AViATE)
The GEARS scale was modified to use language and task divisions that were appropriate for an aviation
environment as shown in Fig. 3. This provided an easy format with which to score both cognitive and
psychomotor elements of the task alongside the time used. The adaptation of GEARS using Bloom’s
taxonomy and CBT competencies was easily understood and utilised by the evaluators and was observed
to work extremely well in the FFS environment. It supports standardised grading, clearly identifies the
task elements to be assessed and incorporates time as a measure of task performance to facilitate a
multivariate analysis of overall performance.

3.2.3 Evaluation scenario
The scenario that was delivered to subjects in both traditional and VR format, and was evaluated in the
FFS, was a normal engine start procedure that terminated with the engine exceeding engine start temper-
ature limitations (a start valve that failed open). This was a moderately complex scenario that required
students to follow established procedures, manipulate both checklists and aircraft systems, interpret
information that was given by the aircraft and act correctly in accordance with trained procedures when
the scenario did not progress as expected. It required the students to manipulate each different type of
switch and control on the flight deck, and to change the focus of their attention multiple times. The
length and complexity of the scenario was appropriate for evaluation with the AViATE tool and gave
the evaluators multiple opportunities to observe each dimension of behaviour that was evaluated by the
tool. The VR system simulated the action of the second crewmember during the training to ensure that
each student received an equivalent level of prompting and assistance throughout the training and the
tool intervened and corrected the student if they were not progressing as required, as would be expected
from a human instructor. This was done to ensure that each student being evaluated would have the same
directions and prompts given an identical scenario, thus removing the variability of a second human
as either instructor or second student in the evaluation. This scenario combined elements of both the
cognitive and psychomotor domains wherein the subjects had to manipulate the aircraft controls and
switches correctly, as well as apply procedures, interpret instruments and readings and decide on a cor-
rect course of action. It included observed procedural knowledge, and problem-solving competencies
that certificated A&P technicians who are engine-run qualified would already have mastered, but due to
the malfunction presented would not be routinely practicing (hence its inclusion in the refresher training
syllabus).

3.2.4 Sources of the data
All experimental data was gathered from an evaluation in the FFS, using the AViATE scale shown in
Fig. 3. The evaluation was a timed event, with a timer running from the evaluator’s clearance to begin
until the termination of the hot start procedure. Evaluators were selected from a group of experienced and
standardised instructors from the training centre, and as a part of the pilot study they were specifically
trained on the use of the experimental instrument through a standardisation process. All evaluators held
A&P certificates and were both qualified instructors and evaluators under the Training Center’s Quality
Manual which is FAR Part 14 CFR § 147 compliant. They all had received specific training and quali-
fication in the use of CBT methods, assessments and evaluations as part of their normal employment as
instructors.
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Figure 3. Aerospace virtual reality assessment of training effectiveness scale (AViATE).

3.3 Population/sample
The population for this study consisted solely of FAA certificated A&P technicians who hold an engine-
run qualification on transport aircraft. Each aircraft requires multiple certificated technicians to keep it
maintained and flying in airline service, and in turn this population requires annual recurrency training
that can be delivered at any appropriately certificated training facility using an FAA approved syllabus.
The sample for this study was drawn from certificated A&P technicians undergoing engine-run recurrent
training at the training facility of a major aircraft manufacturer. These technicians were employees of
both major airlines and third-line maintenance facilities who are required to perform engine-runs as part
of their job function.

3.4 Sampling frame and size
Prior to commencing recurrent training, all participants were pre-screened by the training centre to
ensure that they held the appropriate certificate and had suitable recent experience to allow them to
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undertake engine-run refresher training under established regulations. The sample for this study was
drawn from those students entering the training centre to undergo an FAA approved engine-run recurrent
training course, and who were deemed qualified to undergo recurrent training. This screening ensured
a uniform level of knowledge and qualification between all subjects, leaving only relative experience
in the engine-run role as the prime differentiator. This study was run over a 14-month period and all
students who entered the training centre during this time were offered the opportunity to participate.
A total of 100 students were assessed over this 14-month period.

To determine the required sample size, a power analysis was performed using G∗Power statistical
software [10]. Using a medium effect size of 0.25 for MANCOVA [8], and a confidence interval of 0.95,
it was determined that the minimum sample size needed was 99 technicians, with random distribution
between the experimental groups [25]. Training sessions were sampled continuously until the desired
number of participants was reached, yielding approximately 50 technicians in each group (VR and FFS).
Group assignment was random from within each course, thus meeting the requirement for both random
assignment and independent observations. The breakdown of subjects between the VR and VR (Exp)
groups was assigned after the evaluation based on the responses received in the participant information
sheets, and no attempt was made to influence the number of subjects in those groups. Prior exposure to
VR was considered to be any previous use of a VR system or VR technology for any purpose that was
reported by the subjects.

3.5 Measurement instrument
The primary experimental measurement instrument that was used for evaluating the scenario in the FFS
was the AViATE scale, alongside a measure of the time to task completion in minutes and seconds.
The AViATE scale is a 5-point Likert scale consisting of six rating items. It provides an interval scale
with possible total scores ranging from 6 to 30 measuring both cognitive and psychomotor elements;
the cognitive and psychomotor sub-domains are also interval scales with total possible scores ranging
from 3 to 15. Time to task completion was also recorded on this form and was measured in minutes
and seconds. Definitions of the variables on the AViATE scale are provided on the scales themselves to
aid with ratings, and rating items have been sub-categorized as either cognitive or psychomotor. These
categories were used to further create sub-groups for analysis.

3.6 Data analysis approach
The AViATE assessment in combination with the time to completion recorded for each subject allowed
for a multivariate comparison of results between the control group and the experimental group. The
AViATE scores were further separated into cognitive and psychomotor segments to assess for differences
in performance in either of these domains. A MANCOVA analysis was performed using AViATE scores
and time and was then expanded to analyse differences between the variables. Technician experience and
engine-run experience were used as controlling variables, or covariates, and their degree of correlation
with the IVs was assessed. A univariate analysis of covariance (ANCOVA) analysis was also conducted
on each dependent variable to individually examine the effect of the experimental manipulation.

3.6.1 Reliability assessment method
The pre-screening performed by the training centre ensured that the subjects had sufficient knowledge to
perform the engine-run task, and that they were certificated, competent and able to understand all instruc-
tions and training delivered. This uniform entry standard, alongside a common academic preparation,
and random selection between groups, ensured maximised validity of the between groups experimen-
tal structure. Reliability was addressed by using a scripted training flow, prompting and interventions
from the VR tool and a pool of specially trained evaluators who had undergone standardisation training
during the pilot study to conduct the assessment. Evaluator scores were tracked and compared to assess
inter-rater reliability.
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Figure 4. Theoretical framework and research model.

3.6.2 Validity assessment method
The existing construct validity of the GEARS tool as studied by Sánchez et al. [29] was leveraged to
ensure a high degree of reliability in assessing students’ interaction with the FFS, and the addition
of aviation specific language and terms did not change the basic construction or usage. In addition
to the modified GEARS tool (AViATE), time to complete the scenario was used as a discriminating
factor. Training on the use of the AViATE scale was conducted during the pilot study, and a continuous
comparison of results between evaluators was conducted as an experimental control. Figure 4 shows
the building block approach taken to build the research model and ensure that the validity of adapted
measures and tools was retained.

3.6.3 Data analysis process/hypothesis testing
Following completion of the experiment the total AViATE scores, individual AViATE categories and
time to completion of the task were analysed using a MANCOVA performed using IBM’s SPSSTM soft-
ware (V28.0.0.0). The data was sorted by the Practical Training Received (VR or FFS), and descriptive
statistics were generated to examine the suitability of all groups. Measures of central tendency, disper-
sion and distribution were calculated for the aggregate AViATE Score, individual AViATE elements
(Cognitive and Psychomotor), and Time variables. Outliers were examined and the dataset was checked
for missing values or errors.

4. Results
4.1 Demographics results
The total sample consisted of 100 participants who were split into three groups: those who underwent
traditional FFS training, those who underwent VR training but had no prior experience with VR systems,
and those who underwent VR training and had used VR systems previously. Four out of 100 participants
were female, comprising 4.0% of the sample, which is comparable to the total FAA population of A&P
certificated mechanics, of which 2.7% are female [13]. Ages ranged from 22 to 72 years old, with a mean
age among all groups of 40.37 (SD = 11.50). An ANOVA between the three experimental groups showed
that there was not a statistically significant difference in participant age, F(2,97) = 1.586, p = 0.210.

A&P experience ranged from 1 to 42 years, with a mean experience among all groups of 14.79 years
(SD = 10.34). An ANOVA between the three experimental groups showed that there was not a statis-
tically significant difference in participant A&P experience, F(2, 97) = 0.249, p = 0.780. Engine-run
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experience ranged from 0 to 35 years, with a mean experience among all groups of 9.01 (SD = 8.02)
years. An ANOVA between the three experimental groups showed that there was not a statistically
significant difference in participant engine-run experience, F(2, 97) = .075, p = 0.928.

4.2 Descriptive statistics
Post-training assessment was conducted using the AViATE scale during a timed event. A total AViATE
score ranging from 6 to 30 was possible, with each of the individual rating components being scored from
1 to 5. This can be broken down into a possible sub-score ranging from 3 to 15 for both Psychomotor
and Cognitive aspects of the learning evaluation which each comprised three of the six total rating
components. Time to task completion was also reported in seconds. AViATE scores assigned from all
three evaluators were compared, and an ANOVA test comparing the results showed that there was not
a statistically significant difference between the scores assigned by each evaluator, F(2, 97) = 1.117,
p = 0.331.

4.3 Reliability and validity testing results
Reliability testing for the AViATE test was performed using Cronbach’s Alpha test. A Cronbach’s Alpha
score of greater than .7 is desired to demonstrate the reliability of the data collection device [33]. A com-
puted score of .911 for the AViATE test indicates that the test had acceptable internal reliability. A score
exceeding .9 indicates an overall high level of reliability for the AViATE test. Inter-rater reliability was
acceptable, and an ANOVA test comparing the results showed that there was not a statistically significant
difference between the AViATE scores assigned by each evaluator, F(2, 97) = 1.117, p = 0.331.

4.4 Hypothesis testing results
Test performance was measured as a multivariate combination of AViATE score and time to completion
for a defined task. A MANCOVA analysis was conducted using AViATE Score and Time as dependent
variables, with training provided as the independent variable. The group that received VR training was
further broken down into those who had prior experience using any VR system and those who had never
used one. Additional analysis was conducted by decomposing the AViATE score into its Cognitive and
Psychomotor elements and conducting independent MANCOVA analyses along with time in order to
explore if the independent variable had a more noticeable effect on one specific domain of learning.

4.4.1 Main hypothesis
The MANCOVA test for the Experimental Hypothesis, using Group as the independent variable,
AViATE Total and Time as the dependent variables, and controlling for A&P Experience and Engine-
Run Experience was not significant. There was no significant difference in training effectiveness
(AViATE Total Score and Time) based on Training Group (Control, VR, and VR with Experience),
F(4,190) = 1.307, p = 0.269; Wilk’s lambda = 0.946.

Furthermore, there was no significant effect of Training Group on AViATE Total Score,
F(2, 95) = 0.069, p = 0.934, nor on Time, F(2, 95) = 1.611, p = 0.205.

A&P Experience was not shown to significantly influence AViATE Total Score, F(1,95) = 0.714,
p = 0.400, nor Time F(1,95) = 0.788, p = 0.377. Engine-Run Experience was not significant in influ-
encing AViATE Total Score, F(1,95) = 3.751, p = 0.056, but was significant in influencing Time
F(1,95) = 9.346, p = 0.003, partial eta squared = 0.090.

It is concluded that there was no difference in training effectiveness based on the training received.
Engine-Run Experience was shown to have a significant influence on the time to task completion results.

4.4.2 Hypothesis using psychomotor subgroup
The MANCOVA test for a subset of the Experimental Hypothesis, using Group as the independent vari-
able, AViATE Psychomotor and Time as the dependent variables, and controlling for A&P Experience
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and Engine-Run Experience was not significant. There was no significant difference in training effec-
tiveness in the Psychomotor domain (AViATE Psychomotor Score and Time) based on Training Group
(Control, VR, and VR with Experience), F(4, 190) = 1.039, p = 0.389; Wilk’s lambda = 0.957.

Furthermore, there was no significant effect of Training Group on AViATE Psychomotor Score, F(2,
95) = 0.164, p = 0.849, nor on Time, F(2, 95) = 1.611, p = 0.205, as in the previous analysis.

A&P Experience was not shown to significantly influence AViATE Psychomotor Score, F(1,
95) = 0.287, p = 0.593, nor Time F(1,95) = 0.788, p = 0.377. Engine-Run Experience was significant
in influencing AViATE Psychomotor Score, F(1, 95) = 5.732, p = 0.019, partial eta squared = 0.057,
and was also significant in influencing Time F(1, 95) = 9.346, p = 0.003, partial eta squared = 0.090.

We conclude that there was no difference in psychomotor training effectiveness based on the train-
ing received. Engine-Run experience was shown to have a significant influence on the time to task
completion and Psychomotor scores.

4.4.3 Hypothesis using cognitive subgroup
The MANCOVA test for a subset of the Experimental Hypothesis, using Group as the independent
variable, AViATE Cognitive Score and Time as the dependent variables, and controlling for A&P
Experience and Engine-Run Experience was not significant. There was no significant difference in train-
ing effectiveness in the Cognitive domain (AViATE Cognitive Score and Time) based on Training Group
(Control, VR, and VR Exp), F(4, 190) = 1.333, p = 0.259; Wilk’s lambda = 0.945.

Furthermore, there was no significant effect of training Group on AViATE Cognitive Score, F(2,
95) = 0.002, p = 0.998. There was no significant effect of training Group on Time, F(2, 95) = 1.611,
p = 0.205, as in the previous analysis.

A&P Experience was not shown to significantly influence AViATE Cognitive Score, F(1,
95) = 1.082, p = 0.301, nor Time F(1, 95) = 0.788, p = 0.377. Engine-Run Experience was not sig-
nificant in influencing AViATE Cognitive Score, F(1, 95) = 1.283, p = 0.260, but was significant in
influencing Time F(1, 95) = 9.346, p = 0.003, partial eta squared = 0.090 per the previous analysis.

It is concluded that there was no difference in cognitive training effectiveness based on the train-
ing received. Engine-Run experience was shown to have a significant influence on the time to task
completion.

4.4.4 Analysis of covariates
The main hypothesis tested was that there was no collective statistically significant difference in Test
Performance between the groups (VR trained and FFS) when controlled for experience. The covariates
that comprised experience were a technician’s total number of years of experience as an A&P and their
number of years of experience as a qualified engine runner. The analysis in Table 1 shows that A&P
Experience was not shown to significantly influence AViATE Total Score, F(1,95) = 0.714, p = 0.400,
nor Time F(1, 95) = 0.788, p = 0.377. Engine-Run Experience, however, was significant in influencing
both AViATE Psychomotor Score, F(1, 95) = 5.732, p = 0.019, partial eta squared = 0.057, and was also
significant in influencing Time F(1, 95) = 9.346, p = 0.003, partial eta squared = 0.090. Engine-Run
Experience was a significant covariate in this study, while overall A&P experience was not.

4.4.5 Reportable safety and physiological incidents
A safety reporting process was put in place for this study that required reporting of any physiological
incidents during VR training, and an immediate stop to the study until any such events were analysed.
Subjects were advised before beginning a VR session that they could stop the session at any time and
were asked to inform the evaluators of any physiological discomfort that might occur. No safety reports
were filed during the period of the study, and no sessions were stopped or interrupted at the request of
the subject. The evaluators reported no negative comments throughout and noted that the VR training
apparatus was well tolerated by the subjects.
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Table 1. Evaluation results by experimental group

AViATE AViATE
AViATE Total Psychomotor Cognitive Time (S)

Group n Mean SD Mean SD Mean SD Mean SD
Control 52 23.33 3.75 11.71 1.88 11.56 2.04 718 82
VR 37 23.22 3.95 11.62 2.07 11.59 2.13 738 118
VR Exp1 11 23.45 3.24 11.91 1.76 11.55 1.86 677 116
Note: 1. VR Exp = VR Subjects who indicated prior use of or experience with VR systems.

5.0 Discussion, conclusions and recommendations
5.1 Discussion
5.1.1 Discussion of the research findings
The research question for this study was: Does VR delivered A&P engine-run recurrent training produce
equivalent test performance when compared to training in the FFS, when we control for the subject’s
level of experience both as an A&P and in conducting engine runs? The measure of equivalent per-
formance was assessed through a combination of AViATE scores and time to task completion, and the
level of experience was measured through years of experience both as a certificated A&P technician,
and years of experience conducting engine-runs. It used a medium effect size of 0.25 for MANCOVA
[8], a confidence interval of 0.95, and a total sample size of 100 subjects to achieve a statistical power
of 0.8 [10]. The null hypothesis used in the MANCOVA was that there is no collective statistically
significant difference in test performance between the groups when controlled for experience, and this
hypothesis was retained. When looking at the individual components of the AViATE scores (Cognitive
and Psychomotor) and testing using a MANCOVA with the same null hypothesis, the null hypothe-
sis was also retained. In all measures, the VR training system produced a statistically equivalent test
performance to the traditional FFS training.

In practical terms the current study has demonstrated, with robust experimental controls and an ade-
quate sample size that the VR trainer used produced equivalent training results to the FFS. This is a
highly significant finding with potentially enormous economic and training significance.

5.1.2 Effect size
In determining the sample size for this study, a medium effect size was assumed (Cohen’s d = 0.25) and
was used to arrive at the total desired sample of 99; if a medium effect were present, we would expect to
observe it given the calculated sample size. A medium effect size was an appropriate metric on which to
base this study as a small effect would have an equally small bearing on test performance, and therefore
on quality and safety, given the aviation-based requirement for 100% accurate task completion in a
timely manner. While it would have been possible to expand the sample to test for a smaller effect, it
would have made little practical difference in this domain and would have significantly lengthened the
time and cost of the study. The partial eta squared values for each group obtained indicate small or lower
effect sizes for both GEARS total and time, which also serves to demonstrate an equivalence in training
effect from the VR system.

5.1.3 Use of time as a measure of test performance
The use of time as a variable was discussed, and it was stated that:

. . .a multivariate approach, that includes time as a measure of success, is appropriate in fields
where the professional technical competence of the subjects strongly predisposes them to both
correct and timely completion of a task, such as in the case of licensed aviators and mechanics,
or of medical personnel [17].
A&P mechanics and pilots working to a task are required to complete it to 100% accuracy, and it is

expected that, as they become more proficient, they will complete the task more quickly. This is a phe-
nomenon that may be counter-intuitive to non-aviation researchers, making it a significant finding that
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the experimental results support the linking of time to measures of competency, and also demonstrating
the link between a more rapid completion of a task and superior results.

5.1.4 Applicability of the use of the tested VR training device
The VR trainer used for the delivery of the recurrent engine-run training produced a similar training
outcome to the traditional training conducted in the FFS, and the use of a virtual environment for training
allowed the subjects to effectively perform in the flight deck environment. This outcome was reached
using a real-world training course with qualified technicians undergoing recurrent training, giving a
powerful endorsement of both the specific training tool and the medium of instruction. The VR system
as tested was both effective in transferring knowledge and was easy to use. The use of a structured VR
evaluation tool, such as AViATE, in an aviation VR environment allowed for a comprehensive evaluation
of the VR tool’s training effectiveness.

5.2 Conclusions
While there are certainly a large number of emerging VR tools appearing on the market, limited research
with sufficient robustness to draw statistically significant conclusions has been conducted to assess their
overall effectiveness in transferring knowledge and skills to the students who use them. This study has
provided, in a controlled experimental setting with an adequate sample size, both a method to evaluate
the effectiveness of VR learning in the cognitive and psychomotor domains in an aviation setting, and a
method to assess actual learning on a commercial system that is ready for employment. The instrument
was adapted with a high degree of validity to the aviation environment, and may be used to conclude that
the VR system and environment used to deliver engine-run recurrent training is capable of producing
results that are at least equivalent to the traditional instruction in an FFS.

This study contributes to the aviation body of knowledge by providing a structured method for eval-
uating the effectiveness of a VR learning system that is based on existing CBT and instructional theory
where no such method existed previously. This method utilised an adapted scale (AViATE) for the eval-
uation of VR delivered training in an aviation environment in combination with time to task completion.
It demonstrated both ease of use for the evaluators and consistency of results.

5.2.1 Limitations of the findings
The present study has four main limitations which, while they constrain its results, can also serve to
bound future studies and to serve as a basis for their design:

1. A VR environment that was developed and adapted for recurrent training was utilised in
this experiment. The recurrent training environment places emphasis on reinforcing existing
knowledge, rather than building new knowledge, which may have a different focus.

2. No study of the affective domain of learning was performed. Practical constraints on time and
resources did not allow for this to be studied in combination with cognitive and psychomotor
factors, and this should be addressed in future dedicated or mixed-methods studies.

3. The results of this study provide a single snapshot of learning effectiveness after a single VR
training session. The evolution of skills over time, when a VR system is used continuously, will
be an important factor in designing future recurrent training programmes, and will need to be
well understood.

4. This study used FAA certificated A&P technicians as subjects and a structured VR training pro-
gramme that allowed for a limited amount of deviation from the script. Generalisation of the
findings is possible through any CBT programme that uses the same entry standard as the FAA
programme, but a direct comparison with other programmes and regulatory authorities was not
done as part of this study.
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5.3 Recommendations
The results of this study provide a starting point for a deeper and more profound understanding as to how
VR tools can be leveraged to enhance aviation training. It can also serve as a starting point for future
studies by providing a methodology and research instrument that is validated and specifically adapted
to aviation, and it leads to five specific recommendations for future research that would further expand
understanding of the effectiveness of VR training in aviation, and the benefits that it may have for more
effective and targeted education of future technicians, system operators and pilots:

1. One of the strengths of new VR systems is that they can independently monitor trainee perfor-
mance in both the physiological and cognitive domains and automate the scoring of a GEARS
assessment. The automation of this assessment would increase accuracy of the tool, as well as
remove any human evaluator failings such as bias and inattention. It is recommended that future
studies explore using an automated scoring system both virtually and in the FFS using a mixed-
reality version of the software to score both. Future research methodologies should also account
for an adaptation period to the virtual environment, and in so doing could monitor the subjects’
performance to assess their level of adaptation to the VR system. The results of this study sug-
gest that performance can improve with any exposure to or familiarity with VR systems and it is
highly desirable for future researchers to understand this effect within their study.

2. A study of the affective domain of learning using VR systems should be conducted in order
to form a complete understanding of VR learning using Bloom’s taxonomy as a framework.
This would then further extend the body of knowledge by taking research already conducted on
student’s intentions to use VR training, and this study on its effectiveness, and expanding them to
post-learning attitudes and impressions to yield a truly end-to-end modeling and understanding
of VR’s potential.

3. This study did not examine the effect of personal interactions in the VR environment. The VR
system used had the capability to display avatars of others using the virtual trainer, and real-
time voice communication was possible. In order to standardise the scenario being used, and
to eliminate the variability of receiving instructions and responses from another person also
under training, this study used the computer-generated second crew member with its defined set
of responses and actions. A follow-on study should be conducted using the same methodology
as in this study, but with the further addition of interpersonal interactions within the virtual
environment to assess if there is an effect. This study could be combined with a study on affective
learning which should include this aspect of the virtual environment.

4. It is recommended that the effect of the continued use of VR systems over time be further stud-
ied. A longitudinal study conducted over multiple recurrent training periods is needed to assess
whether there is any degradation of skills, in particular psychomotor, that is observed by con-
tinuous use of a virtual environment in place of the real world. This study could form part of a
continuous quality monitoring programmeme which would be a vital part of any aviation train-
ing programme, and whose results would help identify if any training currency in the FFS or
real aircraft was required. As regulations on the use of VR training evolve, and the effects of the
virtual environment for learning are better understood, knowledge of the effect of VR on learners
over time will be critical to effectively employ these systems.

5. Aircraft motion was neither simulated nor studied. For technicians who taxi the aircraft on the
ground, or pilots who fly it, the perceived motion of the aircraft and the physical sensations pro-
vide a continuous source of information that is processed at the subconscious level and provide a
powerful tool in learning and reacting to events. The FFS can simulate this for an entire crew, and
with a VR system it is possible to simulate this for individuals using specially motorised plat-
forms that can produce the same range of motion as the FFS at a small fraction of the acquisition
and operating costs. It is recommended to study the effectiveness of a VR system, combined with
a basic motion system, to assess the effectiveness of extending existing CBT training sequences
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that require aircraft motion onto a system that can provide it. The ability to add motion cues to
a fully capable VR system and virtual world has the potential to supplant a good deal of FFS
training, and this should be studied due to the large potential economic benefits.

5.4 Summary
This study assessed whether a VR delivered engine-run recurrent training package could produce equiv-
alent training results to the same training delivered in a traditional FFS setting. It evaluated a sample
of FAA certificated A&P technicians, taught with a dedicated VR recurrent training, to assess if they
demonstrated equivalent task performance when compared to a control group taught in the FFS. Results
were evaluated using a modified GEARS scale and time to task completion and were controlled for
technician experience. The results found that those trained using the VR system demonstrated equiva-
lent task performance when compared to those trained in the FFS. Those results were valid across both
the psychomotor and cognitive domains, and the technician’s total engine-run experience was found to
have a significant effect on observed performance.

Each engine-run course occupies the FFS for a single 4-hour session without the need for simu-
lator motion. Moving seven of these courses to a VR platform would allow a training centre to add
another full pilot qualification course to their programme, thereby increasing throughput and making
better use of resources. An approved and certified VR trainer would improve financial results by allow-
ing for additional training of both pilots and technicians without the need for additional costly FFS
infrastructure.
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