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Abstract 

Researcher: Lusine Carlsson  

Title:  Technology Acceptance of Virtual Reality for Aircraft Maintenance 

Training 

Institution: Embry-Riddle Aeronautical University 

Degree: Doctor of Philosophy in Aviation 

Year: 2024 

A study was conducted to investigate Virtual Reality (VR) technology acceptance for 

aircraft maintenance training by student mechanics. The study employed a survey 

methodology using the extended Technology Acceptance Model (TAM) as the theoretical 

framework. Participants were student mechanics from Federal Aviation Administration 

(FAA) approved aircraft maintenance schools within the United States. The study 

attempted to address how the variables of perceived usefulness (PU) and perceived ease 

of use (PEU) influence the students' behavioral intention (BI) to use VR technology for 

aircraft maintenance training, and how external variables of self-efficacy (SE), perceived 

enjoyment (PE), perceived health risk (PHR), performance expectancy (PEXP), and 

perceived behavioral control (PBC) influence perceived usefulness (PU) and perceived 

ease of use (PEU) of VR technology. 

Variables were measured through a survey instrument, utilizing a five-point 

Likert scale to collect quantitative data. The survey was administered digitally. First, a 

pilot study was conducted for the purposes of improving the survey instrument and the 

hypothesized model, followed by the main study. Confirmatory Factor Analysis (CFA) 

was applied to the pilot study data to investigate relationships between construct variables 
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and their observed variables and to confirm the theoretical model. A good model fit was 

not achieved with a small sample size of N=55. To encourage student participation, the 

final study scope was reduced to only include the TAM variables of PU, PEU, and BI. 

The final study produced 65 additional responses, for a total of 120 (including the pilot 

study data), which was deemed inadequate for confirmatory analysis. Instead, the 

responses were analyzed through the Exploratory Factor Analysis (EFA) technique to 

explore the data and extract a factor structure based on the measurement items (survey 

questions), and to address the research question,: What are the underlying factors of the 

student aircraft mechanic survey? The Principal Axis Factoring (PAX) with oblique 

rotation was selected for an extraction method. The EFA results produced two viable 

factors. Factor 1 included all measurement items that were thought to represent the 

constructs of BI and PU. It also included one measurement item from PEU. Factor 2 only 

included measurement items from PEU. The EFA results suggested that participants may 

have answered the questions on behavioral intention to use VR based on how useful they 

perceived VR to be. Therefore, Factor 1 was considered to be more representative of the 

perceived usefulness (PU) construct and Factor 2 perceived ease of use (PEU). The 

findings contribute to aviation literature with recommendations for the target population, 

research methodology, and future research. The study identified factors that could be 

considered in future confirmatory research to gain more insight on aircraft mechanic 

students' opinions on VR to make predictions on actual use of the technology for aircraft 

maintenance training. From a practical perspective, the findings suggest that schools and 

regulatory agencies should consider implementing VR for aircraft maintenance training 

in such a way that will make VR useful to students for gaining specific knowledge/skills 
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without compromising its ease of use, and by taking steps to make VR an enjoyable 

experience for students. 

Keywords: virtual reality (VR), perceived usefulness (PU), perceived ease of use 

(PEU), behavioral intention (BI), exploratory factor analysis (EFA), principal axis 

factoring (PAX), oblique rotation, direct oblimin 
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Chapter I: Introduction 

Aircraft maintenance practices have a direct impact on the safety of flight. The 

design of aircraft equipment, environmental conditions such as accessibility, temperature, 

lighting, mechanics’ skills, and knowledge are all factors that can contribute to errors in 

maintenance and workplace safety risks (Federal Aviation Administration [FAA], 2011). 

Maintenance training typically addresses these factors through traditional teaching 

methods that emphasize basic concepts in physics and specific aircraft systems (e.g., 

hydraulic power systems, cabin atmosphere control systems, aircraft instruments, fuel 

system, engines, etc.). To become an aircraft mechanic, one must obtain an Aviation 

Maintenance Technician (AMT) certificate (with Airframe or Powerplant rating or both) 

through an FAA approved school. Additional training is required for new equipment 

introduced into service. The current requirements of the maintenance training/curriculum 

for an AMT certificate, as well as for airline maintenance, are defined by the FAA. 

Specifically, for the AMT certificate, the requirements are outlined in 14 C.F.R. Part 147, 

originally promulgated in 1968 and last updated in 2022 (Aviation Maintenance 

Technician Schools, 2021). The latest FAA rule shows progress towards competency-

based training (Aviation Maintenance Technician Schools, 2022), which presents 

opportunities for AMT schools to advance their methods for delivering training. Still, it 

has been recognized, within the aviation industry, that the FAA requirements for 

maintenance training have fallen behind because the needs of aircraft mechanic training 

and education are very different today than that of decades ago due to technological 

advancements over time (White et al., 2000). It includes not just the training 

curriculum/content, but also the FAA approved methods for delivering the curriculum 
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(Goldsby & Soulis, 2002). The FAA rule requires AMT schools to show how their 

curriculum and methods will ensure building sufficient knowledge and skills in students, 

but it does not prescribe any specific, modern, and potentially more effective training 

tools for schools to adopt (Aviation Maintenance Technician Schools, 2021).  

While the aviation industry is currently safer than it has ever been, maintenance 

related accidents and incidents still occur. For example, maintenance-related accident 

data for general aviation suggests no change in the rate of accidents in the time period of 

1989-2013. The rate remained at 4.3 accidents per million flight hours. Improper 

maintenance and errors, such as mis-installations/improper reassembly, improper rigging, 

inadequate inspection, were found to be primary contributing factors to these 

accidents/incidents (Boyd & Stolzer, 2015). Historically, aircraft accident and incident 

cases related to improper maintenance are many. For example, in 2000, an incorrect 

installation of a spacer in an Air France aircraft's landing gear led to a tire blowout, loss 

of engines, fire, and the death of over 100 passengers and crew (International Aviation 

Safety Assessment [IASA], n.d.). In the same year, a DC-8-71F crashed on approach due 

to an improperly installed elevator control. All three crew members died (IASA, n.d.). 

The 2003 International Air Transportation Association (IATA) Safety Report findings 

also confirm the importance of proper aircraft maintenance. The data showed that 26% of 

accidents included maintenance related events as a contributing factor (Rankin, 2007). 

The report emphasizes the implications that maintenance errors have on airline 

operational costs. At a minimum, the industry data also suggests deficiencies in aircraft 

maintenance which could partially be addressed though more effective training methods 

than what we have today (Rankin, 2007).  
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The FAA instructional equipment requirements imposed on AMT schools do not 

ensure maximum exposure to various aircraft types and aircraft systems. Schools are 

required to conduct practical projects and demonstrations on an actual aircraft (any type) 

certified by the FAA for either private or commercial use, but it does not necessarily have 

to be in airworthy condition (Aviation Maintenance Technician Schools, 2021). Newly 

graduated aircraft mechanics are likely to be unfamiliar with all the aircrafts and systems 

that they will be maintaining during their careers, which could lead to mistakes and 

wrong maintenance decisions. Yet, it would not be feasible to require schools to provide 

practice on all types of aircraft and for technologies that vary in complexity. Some level 

of familiarity could be gained from static instructional materials or through videos, but 

such methods do not support hands-on/skill-building activities and therefore, may not be 

effective. The aviation maintenance industry can benefit from innovative training 

techniques that include modern technologies currently being utilized for similar purposes 

in other areas of practice which have been shown to be highly effective.  

Virtual Reality (VR) technology is currently being studied and used for training 

within industries that require a high level of standardization and skill-based learning, 

including medical procedures, manufacturing operations, and pilot training (Goldenstein, 

2020). VR offers an innovative way of implementing modern technology to enhance 

training. Instructional theories from a constructivist view suggest that real-life activities 

provide the context needed to improve learners' performance and motivation (Huang & 

Liaw, 2018). Constructivist theories suggest that training is more effective when students 

are engaged and active during the training rather than passive (SUNY: University at 

Buffalo, 2021). Constructivism also suggests that the social aspect is an inherent part of 
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the learning process because it involves instructors and students working together to build 

knowledge and skills, which is another reason students need to be kept engaged. Finally, 

emphasis is placed on providing experiences that reinforce knowledge and facilitate 

learning (SUNY: University at Buffalo, 2021). VR technology can simulate real-life 

activities for training purposes, and unlike traditional teaching methods (e.g., classroom 

lectures, textbook), it helps students to be more engaged by providing the opportunity to 

practice tasks, interact with aircraft systems in a realistic maintenance environment, 

interact with the teacher and other students (in a multi-user mode), and actively utilize the 

information learned (Goldenstein, 2020). In basic terms, VR is a 3-dimensional (3D) 

simulation of an environment with the use of electronic equipment and computerized 

modeling. At a minimum, it includes a head mounted display (HMD), controls, and 

sensors mounted/attached/held by the user. Augmented Reality (AR) and Mixed Reality 

(MR) are similar to VR technologies, in that they also can create virtual environments 

through the use of computer devices. AR and MR provide an overlay of computer 

generated (CG) content on real-world objects, with the only difference being that with 

MR the CG content can exhibit occlusion because it is anchored to the real-world object. 

VR is the only technology that is able to provide a fully immersive experience within an 

environment that has been created using real-world or CG (synthetic) content or both 

(Irvine, 2017).  

Compared to traditional training methods, VR simulation training not only 

reduces training costs, but also increases the effectiveness of training by modeling a 

realistic environment and kinesthetic movements and enabling significantly higher levels 

of interaction in team-based settings (Stone et al., n.d.). VR has also been studied for 
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effectiveness in automobile maintenance (Borsci et al., 2015) and manufacturing 

operations training (Al-Ahmari et al., 2016), demonstrating benefits in error reduction 

and benefits associated with assembly decisions and training. VR provides a safer way 

for student aircraft mechanics to gain hands-on practice as there is no potential for 

damaging aircraft hardware in case of an error, and students can practice maintenance 

procedures as many times as needed. The risk of injury, especially during complex tasks, 

is also reduced due to the environment being virtual, where it lacks common 

environmental hazards anticipated during aircraft maintenance (e.g., slippery surfaces, 

fluid spillage, chemical fumes, working on a ladder or at unsafe heights, etc.). VR also 

enables working on different aircraft types to build familiarity. Aircraft maintenance 

schools are typically equipped with a single aircraft type for students to practice on as the 

bare minimum imposed by the FAA. With VR, various aircraft types become easily 

accessible as they are simulated. There is no need for the schools to 

purchase/store/maintain an actual aircraft. Finally, VR can be set up to allow multiple 

students to practice at the same time, because aircraft equipment availability would no 

longer be an issue. Many benefits of VR are transferable to aircraft maintenance training 

and well substantiated through the current literature. However, the user perceptions of 

VR and the question, “Would the aircraft mechanic students actually use the technology 

if made available?,” has not yet been addressed. 

This study investigated the use of Virtual Reality (VR) technology for aircraft 

maintenance training as it pertains to student mechanics' acceptance of the technology. 

The study was confirmatory and employed a theoretical framework, the extended 

Technology Acceptance Model (TAM), to help predict actual VR use by aircraft 
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mechanic students based on how the technology is perceived and external factors that 

may influence those perceptions. TAM offers an opportunity to investigate the strength of 

these relationships as contributing factors of behavioral intention through a survey 

methodology. 

Statement of Problem 

Acceptance of VR could potentially lead to improvement of AMT training and 

FAA requirements by demonstrating that the technology is a viable option for providing 

better exposure and access to different aircraft types and systems compared to traditional 

training methods. VR technology is currently accepted and applied in a number of fields 

that have similar safety and security measures as aviation; however, within the aviation 

industry, its potential is only recently starting to be recognized. Regarding VR 

implementation in training, many studies have focused on effectiveness of the technology 

rather than acceptance. There is a significant gap in the literature addressing acceptance 

of VR technology, which is even larger for acceptance of the technology specifically for 

aviation maintenance training. Much of the literature on VR acceptance focuses on the 

use of the technology for medical training, design evaluation, manufacturing/assembly, 

and as a tool that could deliver more meaningful learning in general as compared to 

conventional learning methods. It is reasonable to anticipate an increase in interest in VR 

technology within the aviation industry, as ongoing research demonstrates its benefits in 

terms of facilitating learning and as a feasible, cheaper, and lower risk option. The 

current literature on VR for aircraft maintenance training substantiates the effectiveness 

of the technology but not acceptance of the technology by primary user groups.  



7 

 

The aviation industry recognizes potential cultural hurdles related to the 

implementation of VR technologies for training (SAE, 2016). Organizational challenges 

with VR use were observed in aerospace manufacturing and included security and 

configuration control concerns. These challenges have the potential to impose limitations 

on technology implementation (SAE, 2016), where user perception of usefulness/ease of 

use (factors that are thought to impact technology acceptance) could be impacted. It is 

hard to foresee exactly what challenges will arise with VR use for AMT training. 

Understanding factors that influence user perception and adoption of the technology 

could help with decisions on how to implement VR as a new baseline for training and 

how to overcome some of the challenges at an organizational level. The literature specific 

to VR technology adoption by aircraft mechanics for the purposes of maintenance 

training needs to be addressed in order to understand how the technology is currently 

being perceived by primary users and if aircraft mechanics would actually use the 

technology if implemented in the near future. One study that comes closest to this topic 

by Rupasinghe et al. (2011) shows promising results in terms of aircraft mechanic 

students providing positive feedback after completing VR training scenarios, but the 

study lacks a theoretical framework for making conclusions on acceptance of the 

technology by the students and behavioral intent to use the technology. A study by 

Fussell (2020) investigated VR technology acceptance using TAM and some of the same 

external variables as in this study but for flight training. The literature on VR for aircraft 

maintenance training using TAM is non-existent.  
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Purpose Statement 

The purpose of this study was to use the extended TAM to investigate future 

aircraft mechanics’ acceptance of VR technologies for their training. The model suggests 

that student mechanics’ behavioral intention to use the technology predicts actual use, 

driven by factors of perceived usefulness and perceived ease of use (Lala, 2014). The 

study also investigated how perceived usefulness and perceived ease of use are 

influenced by external factors of self-efficacy (SE), perceived enjoyment (PE), perceived 

health risk (PHR), performance expectancy (PEXP), and perceived behavioral control 

(PBC). 

Research Questions and Hypotheses 

The research questions and hypotheses were generated based on the final 1996 

version of TAM (Chuttur, 2009), as extended with the selected external variables based 

on the literature review.  

RQ1 

 To what extent does perceived usefulness (PU) affect the student mechanics’ 

intent to use VR technology for maintenance training? [Addressed through H1] 

RQ2  

 To what extent does perceived ease of use (PEU) affect student mechanics’ intent 

to use VR technology for maintenance training? [Addressed through H2.] 

RQ3  

 What is the relationship between perceived ease of use (PEU) and perceived 

usefulness (PU)? [Addressed through H3] 
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RQ4  

 How do external variables of self-efficacy (SE), perceived enjoyment (PE), 

perceived health risk (PHR), performance expectancy (PEXP), and perceived behavioral 

control (PBC) influence perceived usefulness (PU) and perceived ease of use (PEU) of 

VR technology for maintenance training? [Addressed through H4 - H11] 

The hypotheses are listed below and also shown in Figure 1: 

H1 

 Perceived usefulness (PU) has a positive effect on student mechanics’ behavioral 

intention (BI) to use VR technologies for maintenance training. 

H2 

 Perceived ease of use (PEU) has a positive effect on student mechanics’ 

behavioral intention (BI) to use VR technologies for maintenance training. 

H3 

 Perceived ease of use (PEU) has a positive effect on perceived usefulness (PU). 

H4 

 Self-efficacy (SE) has a positive effect on perceived ease of use (PEU). 

H5 

 Self-efficacy (SE) has a positive effect on perceived usefulness (PU). 

H6 

 Perceived enjoyment (PE) has a positive effect on perceived ease of use (PEU). 

H7 

 Perceived enjoyment (PE) has a positive effect on perceived usefulness (PU). 
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H8 

 Perceived health risk (PHR) has a negative effect on perceived ease of use (PEU). 

H9 

 Perceived health risk (PHR) has a negative effect on perceived usefulness (PU). 

H10 

 Performance expectancy (PEXP) has a positive effect on perceived usefulness 

(PU). 

H11 

 Perceived behavioral control (PBC) has a positive effect on perceived ease of use 

(PEU). 

 

Figure 1 

Hypothesized Relationships Between the Variables 
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Significance of the Study 

The study has theoretical significance in that it contributes to the literature within 

the aviation industry on VR technology adoption for maintenance training. The selected 

methodology enabled analysis based on a theoretical framework, using the TAM, to study 

student mechanics’ acceptance of VR technology based on perceived usefulness and 

perceived ease-of-use as contributing factors to behavioral intention to use the 

technology. The model has been applied in many previous studies and deemed to be 

highly valid for making inferences about actual system use (Chuttur, 2009). TAM allows 

expansion of the model to account for external variables that may be associated with 

perceived usefulness and perceived ease-of-use. Upon reviewing relevant literature, there 

was no evidence of previously conducted research on this specific topic using TAM.  

The study was developed to reveal how students in an aircraft maintenance 

program perceive VR technology, how their perceptions are impacted by external 

variables, and how their perceptions translate into intentions toward using such 

technologies (Park, 2009). The practical significance of this research is in providing 

additional information that will help airline operators, aircraft manufacturers, and aircraft 

maintenance training schools to assess the viability of adopting VR technology for 

aircraft maintenance training. The study could provide a better understanding of specific 

areas of concern or factors that impact future mechanics’ perceptions/intentions that may 

potentially lead to resistance to using the technology. The results could be used to 

generate mitigation strategies/techniques for these specific areas of concern or serve as 

guidance for the development of business strategies related to instructional design using 

VR technologies.  
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Delimitations 

A survey methodology was employed to collect data on student mechanics’ 

acceptance of VR technology for aircraft maintenance training, using extended TAM 

(1996 final version) as the theoretical framework (Chuttur, 2009). The external variables 

of choice and hypothesized relationships were based on the literature review. Structured 

survey questions about candidate mechanics’ perception of VR for aircraft maintenance 

training provided subjective and quantitative data that was analyzed to make inferences 

about intent to use the technology and predictions about actual use. The survey 

instrument was adapted from similar published studies, where TAM was used to 

investigate VR/AR technology acceptance within various contexts. The preliminary 

survey questions are presented in Figure 6, along with references to the study source. The 

questions have been customized to fit the context of the study and were further adjusted 

based on the results from the pilot study and feedback provided by subject matter experts. 

This tailoring approach was necessary to ensure validity of the survey instrument. To be 

cost-effective and as a more practical approach, the survey was solicited via email and 

social media to student mechanics enrolled in FAA approved schools within the U.S. The 

selected sampling method was judgement or convenience sampling -- a non-probabilistic 

strategy. The scope of the study was confirmatory, and as such, Structural Equation 

Modeling (SEM) was used to analyze the survey data and validate the model. 

Limitations and Assumptions 

External validity refers to the representativeness of the sample, making sure the 

results and conclusions are generalizable to the target population (Vogt et al., 2014). 

There was a risk of the online survey approach and the non-probabilistic/convenience 
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sampling method compromising the external validity of the study by producing a smaller 

sample size than desired or a sample that is not diverse or comparable to the population 

demographics. Not all FAA maintenance school students were solicited to take the 

survey. Participation was limited by each school’s willingness to support the study. The 

responses were anonymous and voluntary. Also, the data collected was subjective. This 

means there was some potential for bias and errors, though it is assumed that the students 

provided honest and accurate responses. To encourage participation, students were 

offered an incentive - an entry for a raffle to win a common aircraft maintenance tool (a 

torque wrench, valued up to $400) for fully completing the questionnaire (the 

demographic and Likert scale sections of the survey). Missing data in participants' 

responses would also present limitations if it was to the extent of having to delete the 

responses and leading to the success criteria not being met. Deletion of responses was 

only considered if the option of replacing the missing data with an average value was not 

viable.  

The scope of the study was limited to candidate aircraft mechanics from 14 C.F.R. 

Part 147 - Aviation Maintenance Technician Schools. Therefore, generalizability was 

considered for the greater student mechanic population within the U.S. and not the 

general population of current aircraft mechanics. While 14 C.F.R. Part 65 addresses the 

knowledge and experience requirements of non-flight crewmembers for certification 

purposes, including ratings for Airframe and Powerplant (A&P) for mechanics, Part 147 

is the control authority over AMT schools, in terms of curriculum, practical training, and 

equipment requirements; and therefore, Part 147 is considered more relevant to the scope 

of this study than Part 65. The study was limited to participants enrolled in an FAA 
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approved AMT school as controlled by Part 147, regardless of the students' qualification 

status for Part 65 certification testing, which is typically taken toward the end of the 

AMT school program. Also, it was assumed that students enrolled in aircraft maintenance 

programs will successfully obtain their A&P/AMT certificate with the intent to pursue a 

career in aircraft maintenance and therefore are representative of the future aircraft 

mechanic population.  

Not all limitations were anticipated, but some were encountered as discussed in 

more detail in Chapter V. In the event of the success criteria not being met due to these 

limitations, it was determined that changing the nature of the study from confirmatory to 

exploratory by applying the Exploratory Factor Analysis (EFA) statistical method 

instead, would be an adequate alternative approach. EFA allows interpretation of the data 

by looking for new relationships between variables measured in order to make 

meaningful conclusions.  

Generalizability of EFA results based on the adequacy of sample size are 

addressed through statistical tests, and in the case of this study, showed to be adequate. 

Generalizability based on sample diversity and participant demographics is assessed by 

making comparisons with the target population characteristics. The generalizability of 

this study's results was limited based on the fact that about 46% percent of final study 

analysis data came from ERAU students. The final study participants were not required to 

provide their school information; and the population data for comparing participant age 

and VR experience level was non-existent. Steps taken to mitigate or address this issue 

for the purposes of showing improved generalizability included considerations for the 
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volunteered data by participants that represented multiple AMT schools nationwide, and 

a general comparison of the pilot study participant demographics with the final study. 

The construct validity of the study was assumed to be adequate based on the use 

of a theoretical framework (i.e., TAM) for measuring technology acceptance. In other 

words, it was assumed that the operational variables measured through structured survey 

questions actually represented the conceptual variable – behavioral intention to use VR 

technology for maintenance training. While actual use was not measured as a variable, it 

could be inferred based on the measured variables, as suggested by TAM, if data on the 

actual use of VR for aircraft maintenance training becomes available in the future. TAM 

is not context dependent, and therefore, it is limited in explaining the reasons for 

participant responses (e.g., why participants find the technology to be easy to use, useful, 

enjoyable, etc.).  

Finally, it was assumed that the selected statistical method ensured statistical 

validity and that the results are reliable using the survey methodology, with respect to 

test-retest accuracy. The success criterion (a sample size of 444) for response rate to the 

survey was assumed to be achievable and adequate for the desired power level of 0.8 (see 

Chapter III for additional details). 

Summary 

Chapter I introduced the topic of VR for aircraft maintenance and how it could be 

more effective for delivering training. The chapter also addressed the apparent gap in 

literature with respect to the lack of studies on the acceptance of VR technology by the 

primary users (student aircraft mechanics), and how this study could contribute to the 

wide body of literature as well as have practical significance within the aviation industry. 
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The theoretical framework of choice, the extended Technology Acceptance Model 

(TAM), was discussed within the scope of establishing the hypothesis and predicting 

actual system use. The model suggests that student mechanics' perception of VR, in terms 

of its ease of use and usefulness, influences students' attitude toward the technology, and 

in turn, their behavioral intention of using the technology for aircraft maintenance 

training. The chapter also covered study delimitations, limitations, and assumptions. 

 Chapter II and Chapter III focus on the literature review and study methodology, 

respectively. Chapter II focuses on the knowledge gap that the study addresses, provides 

an overview on VR and its many uses, discusses the development and validation of the 

Technology Acceptance Model, and details the findings from related studies. The chapter 

is intended to support the need for the study, provide justification for the theoretical 

model (extended TAM), and explain the basis of the hypothesis and the selected external 

variables. Chapter III provides the details of the methodology, explaining the study 

design, procedures, and the statistical approach for data analysis. The chapter also 

describes how the reliability and validity of the study were addressed and the 

appropriateness of the selected statistical analysis method, Structural Equation Modeling 

(SEM). The chapter is intended to provide a sufficient level of detail for the purposes of 

replicability and for demonstrating high rigor. 

Definition of Terms 

Augmented Reality “An overlay of computer-generated content on the 

real world that can superficially interact with the 

environment in real-time” (Irvine, 2017).  
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Behavioral Intention The degree to which an aircraft mechanic student 

intends to adopt VR technology for aircraft 

maintenance training (Huang & Liaw, 2018). 

Extended Reality A term applied to “all real-and-virtual virtual 

environments generated by computer technology 

and wearables” (Irvine, 2017). 

Mixed Reality “An overlay of synthetic content that is anchored to 

and interacts with objects in the real world – in real 

time” (Irvine, 2017). 

Perceived Behavioral Control The extent to which an aviation student feels able to 

control using VR technology for aircraft 

maintenance training (Fussell, 2020). 

Perceived Ease of Use The degree to which an aircraft mechanic student 

believes that using VR technology for aircraft 

maintenance training would be effortless (Huang & 

Liaw, 2018; Park, 2009). 

Perceived Enjoyment “The degree to which using VR for aircraft 

maintenance training “is perceived to be enjoyable 

in its own right apart from any performance 

consequences that may be anticipated” (Fussell, 

2020). 

Performance Expectancy The degree to which a student believes that using 

VR for aircraft maintenance training will improve 
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his/her performance as compared to traditional 

learning methods (Fussell, 2020; Lewis et al., 

2013).  

Perceived Health Risk The degree to which an aircraft mechanic student 

perceives the use of VR technology for maintenance 

training to be posing a health risk (Tang et al., 

2019). 

Perceived Usefulness The degree to which an aircraft mechanic student 

believes that using VR technology would be 

beneficial to his/her training (Huang & Liaw, 2018; 

Park, 2009). 

Self-Efficacy The degree to which an aircraft mechanic student 

has confidence that he/she is able to operate VR 

technology for aircraft maintenance training (Huang 

& Liaw, 2018; Levy & Green, 2009). 

Virtual Reality “A fully immersive, 3-dimensional, digital 

environment” (Fussell, 2020). “These could be 

created using purely real-world content (360 

Video), purely synthetic content (Computer 

Generated), or a hybrid of both (Irvine, 2017). 

List of Acronyms 

3D  3-Dimensional 

A&P  Airframe & Powerplant 
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AGFI  Adjusted Goodness of Fit Index 

AMOS  Analysis of Moment Structures 

AMT  Aircraft Maintenance Technician 

AR  Augmented Reality 

AVE  Average Variance Extracted 

BI  Behavioral Intention 

CFA  Confirmatory Factor Analysis 

CFI  Comparative Fit Index 

CFR  Code of Federal Regulations 

CG  Computer Generated 

CMIN  Chi-square value in AMOS 

CR  Construct Reliability 

df  Degrees of Freedom 

IATA  International Air Transportation Association 

FAA  Federal Aviation Administration 

GFI  Goodness of Fit Index 

HMD  Head-Mounted Display 

MR  Mixed Reality 

NFI  Normed Fit Index 

PBC  Perceived Behavioral Control 

PHR  Perceived Health Risk 

PE  Perceived Enjoyment 

PEXP  Performance Expectancy 
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PEU  Perceived Ease of Use 

PU  Perceived Usefulness 

RMSEA  Root Mean Square Error of Approximation 

SE  Self-Efficacy 

SEM  Structural Equation Modeling 

SPSS  Statistical Package for the Social Sciences 

TAM  Technology Acceptance Model 

TRA  Theory of Reasoned Action 

VR  Virtual Reality 

 XR   Extended Reality 
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Chapter II: Review of the Relevant Literature 

Chapter II presents a review and synthesis of relevant literature in support of the 

study, the selected theoretical framework, and hypotheses. First, virtual reality (VR) 

technology and its uses and benefits are discussed with specific focus on training and 

education within various contexts. A historical perspective of VR technology is then 

presented in terms of how the technology has evolved over time and how it has been 

applied in other industries. Next, Technology Acceptance Model (TAM) is presented 

along with a justification for selecting it as the ground theory of the study. Finally, 

relevant research and major findings are discussed, presenting gaps in research and 

support for the hypotheses with emphasis on VR benefits in higher education and training 

environments. 

Virtual Reality Applications and Benefits  

Background 

VR technology has undergone significant improvements in recent years, enabling 

users to have a fully immersed experience and interactions within a virtual environment 

that feels highly realistic (Huang & Liaw, 2018). Perception of reality is through human 

senses. VR works with human senses by replacing real-world visual and sound cues with 

computer generated/synthetic cues, which the brain interprets as real (Jerald, 2016). As 

such, VR has the potential to be a very effective and powerful tool, if implemented with 

human-computer interaction principles in mind, based on the context of use. 

The first study recorded with a head-mounted display (HMD) depicting synthetic 

images dates back to the 1960s, but the maturation of VR technology to what it can 

achieve today happened very slowly, mainly due to the limitations of computing power to 
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process 3D images in real time (Grabowski, 2021). It took decades for VR technology to 

evolve and become marketable and widely used, first within the entertainment/gaming 

industry, and eventually, in scientific research (Grabowski, 2021). Even though the 

concept of viewing 3D images dates back to the 1800s with the invention of the 

stereoscope and simulated environments with the use of technology were achieved by the 

1960s, the term virtual reality did not exist until the 1980s. The term was first coined by 

Jaron Lanier, the founder of VPL Research, who developed VR technology gear (HMD 

and gloves) to enable a "virtual reality" experience, as he called it (Franklin Institute, 

2021). Other major milestones toward the development of VR included: a) The 

Sensorama (in the 1950s), a simulation of a city environment experienced by "riding" on 

a motorcycle and sensing the environment through 3D visual, auditory, and tactile cues 

(Franklin Institute, 2021); b) The Telesphere Mask (in the 1960s), an HMD for 

stereoscopic 3D viewing (Virtual Reality Society [VRS], 2017); and c) The Ultimate 

Display (in 1965), the first HMD that provided a virtual experience through the use of 

computer hardware and the ability of users to interact with objects in the virtual 

environment (VRS, 2017). The first commercialized VR gaming technology was 

introduced in 1991 by Virtuality Group who produced arcade games/machines. Since 

then, the gaming industry has invested billions into maturing VR (Clavin, 2019), which 

has enabled scientists, educators, and manufacturers to leverage the technology and apply 

it as a tool for data analysis, training, engineering, and production; however, the pioneer 

work and interest in VR by scientists, engineers, and government sectors, including the 

military, dates back to as early as the 1960s with the development of Furness' Flight 

Simulator (VRS, 2017). Furness' work continued through the 1980s and resulted in the 
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development of the Super Cockpit, intended for pilot training. The Super Cockpit enabled 

pilots to interact within a simulated environment in real time and provided a way of 

tracking and integrating movement and aircraft control (VRS, 2017).  Around the same 

time, the National Aeronautics and Space Administration (NASA) developed Project 

VIEW (Virtual Interface Environment Workstation), a VR technology intended for 

astronaut training. The technology was distinguished from others by featuring gloves for 

advanced haptic interaction (VRS, 2017).  

With optical and computer technology advancing fast, VR started becoming 

popular and available within commercial markets in the 1990s. Other uses of the 

technology were also identified, such as for the treatment of Post-Traumatic Stress 

Disorder in veterans and for map services, such as 3D street viewing; however, the main 

surge in VR products happened in 2016 and later (VRS, 2017). Within the last five years, 

VR has become increasingly accessible and relatively affordable, resulting in more use 

than ever in government and private sectors, beyond just fun and games. One such 

example is the joint effort by the Center for Data-Driven Discovery (CD3) (a non-

government VR research group), Caltech (a privately supported science and engineering 

institute), and NASA (a government agency) (Clavin, 2021). The three entities have 

partnered to develop and implement multiple VR tools for scientific investigation and 

learning/training purposes. In one case, VR is used to detect tumors that could go 

undetected with current medical screening methods. The technology is being combined 

with machine learning/artificial intelligence to help medical professionals detect potential 

malignancies more easily. This application of VR technology is one of many that CD3 

and Caltech are working on for future implementation, which could potentially transform 
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the scientific paradigm of how investigations and data analyses are performed (Clavin, 

2021). 

VR Applied to Training and Education 

Within the last decade, VR applications have been used by government and 

commercial sectors to enhance training in a variety of areas, including military, medical, 

flight training, and education. Additionally, the technology has been applied within 

engineering, space, and manufacturing industries (Vaughan et al., 2016). VR is deemed 

especially useful for physical tasks or procedural training because it can create an illusion 

of spatial presence (Grabowski, 2021). It also supports building and/or exercising muscle 

memory through real movements in a virtual environment and has the potential to 

improve decision-making by presenting the trainee with consequences of their actions 

within the simulated environment (Grabowski, 2021). Based on the constructivist view of 

instructional theories, using VR for education and training can lead to higher motivation 

to learn because the technology provides an opportunity to engage in real-life activities 

(Huang & Liaw, 2018). In its advanced form, VR can be self-adapting to suit the 

individual needs of each learner, such that training/education scenarios are constantly 

tailored based on the learner’s responses. This is achieved through feedback and control 

loops of adaptive systems, which enables the machine learning phases of prediction, 

recognition, detection, and optimization (Vaughan et al., 2016). These known and 

promising capabilities have generated a number of research studies on the training 

effectiveness of VR. 

Current uses of VR technology in military settings include development and 

implementation of training, both for flight and ground missions. The Air Force Agency 
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for Modeling Simulation presents a successful example of such efforts because VR is 

being used to change the landscape for air combat training to minimize cost and eliminate 

risks associated with real air combat training (Lange, 2020). Traditional air-to-air combat 

training requires large ranges to practice in, and it is highly risky and challenging to 

simulate the type of threats that are anticipated from enemies now or in the future during 

warfighting (Lange, 2020). Hence, VR provides a safer alternative for simulating those 

threats within a synthetic environment and training military personnel to respond to 

threats within a controlled physical environment; in real life, this environment entails 

having to make risky maneuvers and pushing the limits of the aircraft (Lange, 2020). 

Therefore, VR training is currently being promoted and advanced by the Department of 

Defense for more effective training as well as for the purposes of addressing the 

limitations of the traditional training methods (Lange, 2020) and in turn avoiding hazards 

and potential accidents during training. Similarly, VR is currently used for training 

ground military crews, during which the technology provides an opportunity for 

implementing scenarios that incorporate lessons learned from real battles and transferring 

knowledge to younger soldiers. Compared to traditional military training, VR training 

enables the military to study the individual behaviors of the trainees, how they respond to 

emerging threats, and how they make decisions. The ability for the military to extract this 

data more easily and accurately from VR training performance ensures that the best 

trained soldiers are selected for the real mission (Kozlak et al., 2013). While the current 

use of VR in military training provides many benefits, such as allowing soldiers to make 

and learn from mistakes, allowing them to repeat training as many times as needed, 

providing a safer environment, reducing the cost of training, and enabling behavior 
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analysis, it does have some drawbacks to consider. Typical VR training simulators used 

by the military today are in a temperature-controlled environment. The trainee soldiers 

engage in a realistic combat task, but without other environmental factors that could 

influence their performance, such as heat and cold, the weight of gear that they would be 

carrying in a real combat situation, and so on. Also, from a psychological aspect, being 

able to go through walls in VR without collision issues may lead to perceiving the 

training as less serious (Kozlak et al., 2013). 

VR technology has also been shown to provide effective training in the law 

enforcement field. VIRTSIM by Raytheon (in partnership with Motion Reality Inc.) is 

one such commercially available product, tailored toward public safety. The primary 

users are law enforcement agents, border security officials, U.S. Marshals, FBI agents, 

and other first responders. The training is designed to be as realistic as it can be with 

participants carrying realistic weapons and not limited in their tactical movements within 

the physical training environment (Raytheon, 2012). VIRTSIM training produces the 

added advantage of physiological responses that would be expected during actual 

missions, such as sweating and increased heart rate (Raytheon, 2012), because of the 

intense immersive experience that VR technology provides.  

Outside of defense, VR/AR technologies are already standardized as tools used 

for training, production, design and development, and other operations. The technologies 

have comparable benefits associated with risk/loss reduction, enhanced 

learning/knowledge capture/skill development, efficiency, and reliability/quality 

improvements (Kozlak et al., 2013). Both technologies are currently used by many 

companies that deal with environmental hazards as part of their daily operations and/or 
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require skill-based training. VR/AR enable users to conduct a walkthrough of hazardous 

facilities without being exposed to the actual hazards and effectively learn the skills 

required to operate and maintain a complex system. For example, the Exxon Mobile 

company uses simulation training for the operation of vessel compressors with over 100 

pressure valves that have various functions. The intent of the training is not only to learn 

how to operate the system but also how to maintain it or manage failures of the system 

(Kozlak et al., 2013).   

VR Benefits and Implications on Aircraft Maintenance Training 

The benefits of training with virtual reality (VR) technology over traditional 

training methods are well established in the existing literature. VR enables a whole-body 

activity and higher levels of engagement which leads to learning gains (Lindgren et al., 

2016). This is especially evident for physical and skill-based tasks, such as aircraft 

maintenance, flight training, design for maintainability, assemblability, manufacturing, 

and production. Many studies have demonstrated VR training benefits in terms of error 

prevention, effectiveness, and efficiency. A discussion of research studies and other 

literature focusing on VR benefits within the context of training and education is 

provided below, along with implications for aircraft maintenance training, specifically.  

A study conducted by Jang et al. (2017) employed a case study methodology to 

investigate VR training for medical procedures. The participants were medical students, 

tasked with studying complex anatomical structures by using VR with the ability to 

directly manipulate objects in a simulated environment. The study concluded that VR 

enhances learning beyond passive viewing. Also, the authors concluded that VR is 

especially useful for students with low spatial abilities because it puts the student in a 
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fully immersed virtual environment that is very realistic to the actual life situation. Gains 

associated with direct manipulation in VR have also been demonstrated by Marzano et al. 

(2015) for an aircraft carriage maintenance task. The ability of participants to manipulate 

every single part of a complex assembly was shown to be value added. Traditional 

textbook/video methods do not provide this opportunity, whereas field training does, but 

the cost and potential risks associated with hands-on training is high for complex aircraft 

maintenance tasks. 

A study conducted by Makowski et al. (2017) focused on the cognitive aspect of 

simulation learning. Their study explored the question, Does being there and reacting to a 

stimulus as if it were real enhance memory encoding? The results were interesting in that 

higher emotional experience and sense of presence in a simulated environment was found 

to enhance factual memory but not temporal order memory. In other words, the sense of 

presence helped participants focus their attention on the stimulus and lead to better 

memory encoding, which would help with learning a given task, but not with learning 

procedural/sequential steps (Makowski et al., 2017). The study has some implications on 

the use of VR for aircraft maintenance training because it requires consideration of the 

objective of the training. If the objective is to teach student mechanics a procedural and 

sequential step, then VR training may not be suitable to help them remember those steps; 

however, if the objective is to teach students how a specific task is achieved, then VR 

training would bring significant benefits. 

Finally, many other studies have investigated how VR training improves 

performance in terms of task efficiency and error reduction. In Burigat and Chittaro’s 

(2016) study, participants were tasked to navigate within a given environment. 
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Participants either used a virtual environment (VE) or physical maps/diagrams to 

navigate. Those who used a VE showed a better spatial awareness for their relative 

position within the environment and performed better in a subsequent virtual evacuation 

task. Participants also rated the VE approach to be more enjoyable and easier to 

comprehend (Burigat & Chittaro, 2016).  

Langley et al. (2016) were able to show that those who received VR training in 

automotive assembly operations made fewer errors when actually performing the task, as 

compared to those who received traditional training. These results are consistent with the 

findings of Cooper et al. (2016) in which VR training with augmented cues led to better 

physical and skill-based task performance (lower task time and lower errors compared to 

those who did not receive VR training ahead of completing a tire change task). The 

results suggest that one of the benefits of using VR for training is to provide familiarity. 

Similar results were observed in a study by Brauer and Klingauf (2008) with 100 

Lufthansa pilot participants. Participants received VR flight training with a virtual 

captain, which reduced task familiarization time and facilitated learning. 

In summary, performance of aircraft mechanics can be influenced by their 

environment, making the task at hand more/less challenging from an accessibility and 

body posture perspective. Spatial knowledge gained through VR becomes an important 

factor in teaching aircraft maintenance students, in that it can provide a realistic 

experience and potentially lead to better performance in the field. While the research on 

VR benefits is scattered across various industries, the benefits identified in these studies 

are transferable to similar tasks within the aviation industry, to include aircraft 

maintenance, because aircraft maintenance also requires manipulation of components 
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within a given space and procedural knowledge. Combined with the successful examples 

of how VR is already used within other industries as a standard method of training, full 

deployment of VR technology for aircraft maintenance training and certification is only a 

matter of time. Hence, it is important to understand how aircraft mechanic students 

perceive VR today to make sure that it is implemented properly in the future to satisfy 

user needs and to change negative perceptions, if any exist. This study addresses a critical 

issue pertaining to the adoption of VR technology in the aircraft maintenance training by 

investigating the acceptance of the technology by the students, capturing their behavioral 

intentions/attitudes with practical near-term implications. 

Current State of VR & Technology Adoption 

VR technology is continuously and rapidly advancing to bring more benefits and 

dynamic training options. Years of research on effectiveness and efficiencies of VR has 

resulted in extensive investments by the aviation industry to adopt the technology. It is 

projected that the investment will surge by 2030 to over $17 billion, compared to the 

$1.76 billion in 2023 (HQSoftware, 2024). The aviation industry struggles with the 

shortage of aircraft maintenance technicians, which is attributed to the high cost of AMT 

programs and limited opportunities the traditional training methods present to students.  

AMT schools are experiencing a 30% drop in graduates on a yearly basis. The aviation 

industry views VR as a way of addressing some of these challenges by providing students 

with a more effective, efficient, inspiring, and seamless training opportunities 

(HQSoftware, 2024) (CAE, 2024).  

The benefits of VR specifically for aircraft maintenance training have been 

demonstrated through many studies, by the U.S. military, and AMT schools. According 
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to a CAE (2024) report, a study on aircraft maintenance training using VR showed that 

students completed training four times faster with VR compared to the same training 

provided in a traditional classroom setting, they were four times more emotionally 

engaged with VR, and 275% more confident in their skills after VR training (CAE, 

2024). Hill Air Force Base (AFB) has seen similar benefits with their implementation of 

VR for aircraft maintenance training of new recruits and working veterans (Cromar, 

2024). Trainees have shown improved training retention of more than 35% with VR, 

compared to 10% with traditional methods. With VR providing effective familiarization 

of different aircraft types/sub-systems/parts, trainees were able to perform maintenance 

tasks successfully and efficiently on aircraft that they have never seen before in real life 

(Cromar, 2024). In 2022, the Advanced Manufacturing Center was the first Part 147 

AMT program in the U.S. to pursue approval to use VR for satisfying FAA training 

requirements for aircraft painting and coating. Their VR technology is the same one used 

at Hill AFB. VR enabled this AMT school to accurately measure student performance 

based on material use and cost, thickness of paint applied, the techniques students were 

using to apply the paint, any overspray issues, etc. (Marshall University, 2021).  

The current state of VR is already contributing significantly to the aircraft 

maintenance training needs within the aviation industry; and integration with other 

technologies in the future, such as Artificial Intelligence (AI) would only improve the 

training by allowing it to be more tailorable and personalized with targeted practice and 

remedies for building specific knowledge and skills (HQSoftware, 2024). Still, there are 

many challenges to consider for aircraft maintenance training with VR. Some of these 

challenges include resolution, latency, the complexity of the technology requiring highly 



32 

 

specialized professionals to maintain and troubleshoot, the effort required for content 

development, and technology acceptance by students (HQSoftware, 2024) (Murugan, 

2024). According to Li (2023), the simulated environment, learning content, prompts and 

error correction, and task-based evaluations are the design parts that need to be 

considered during VR technology development for aircraft maintenance training. 

Currently, there is no standardized approach to each of these design parts, which means 

that implementation can vary significantly from one AMT institution to another.  While 

the FAA acknowledges VR benefits and is working towards creating standards for 

compliance with training requirements using VR, with the aviation industry traditionally 

erring on the more conservative side, it will take some time and rigorous testing of VR to 

achieve widespread adoption (Murugan, 2024). More recent research studies on aircraft 

maintenance training focus on VR implementation, and how it could be optimized to 

enhance learning and influence the aircraft maintenance students' adoption of the 

technology.  

With respect to VR technology acceptance for aviation training, enjoyment, 

usability, and usefulness are common themes in many studies; and establishments that 

already use VR for training are making continuous efforts to measure those factors and 

improve the curriculum as necessary. For example, the Florida Technical College of 

Aeronautics is using VR for their Aircraft Systems course, focusing on providing an 

overview of the Boeing 737 NG and various systems of other commercial airplanes. This 

school's VR is integrated with an eye tracking technology as students interact with flight 

deck displays and controls to complete procedures (Lowenstein, 2024). Continuous 

student and instructor feedback was an important part of this school's journey to 
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modernize their classroom with VR. With positive feedback collected during the initial 

demonstrations of VR in 2023, the school proceeded with surveying their students in 

2024 on VR usability, enjoyment, and usefulness for learning aircraft systems that are 

advanced (Lowenstein, 2024). A study by Gomez-Cambronero et al. (2023) attempted to 

address the challenge of VR acceptance with a gamification approach. The idea was to 

incorporate the same elements that make games enjoyable into a VR scenario in order to 

make the aircraft maintenance training more appealing to students. The results showed 

that gamification of aircraft maintenance training with VR motivated students to 

complete more practice exercises, and that students found this type of implementation to 

be easy to use (Gomez-Cambronero et al., 2023).  

Recent research efforts by academia and AMT programs are on the right path for 

optimizing VR implementation to promote independent and enhanced learning and to 

achieve technology acceptance.  However, these efforts are very focused on a specific 

implementation, produce results that are often maintenance scenario or task-specific and 

apply to a limited population (i.e., own students). It is not always the case where research 

is able to demonstrate aircraft maintenance students' acceptance of VR technology.  For 

example, a study by Starr (2024) considered a typical academic framework for aircraft 

maintenance training, which includes learning through acquisition, inquiry, discussion, 

and practice.  Researchers created and tested a virtual classroom prototype using VR to 

support the natural progression that students need to make through those phases and types 

of learning, with an opportunity for an instructor to enter the virtual environment to 

provide additional guidance to students.  With this implementation of VR for aircraft 

maintenance training, about 65% percent of participants expressed a preference for the 
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traditional training methods (Starr et al., 2024).  Most recent research strives to establish 

VR technology acceptance for aircraft maintenance training with specific implementation 

and with specific user groups, substantiating the selected factors for this study. However, 

there is still much to learn about the attitudes towards VR by the aircraft mechanic 

student population as a whole. 

Theoretical Framework of the Study 

Previous sections included an overview of VR technology use and benefits in 

training and educational environments. The review of relevant literature provided 

substantial support for studying and implementing VR for aircraft maintenance training, 

as the technology has shown to be effective in similar applications, with many of the 

learning benefits discussed being transferable. However, one important factor that the 

previous sections did not cover is the adoption of VR technology for training, and the 

factors that influence the students’ behavioral intention to use the technology or not. 

Studying the behavioral intention of using VR within an education or training context 

requires a theoretical framework and validated methodology in order to identify and 

examine factors that influence such decisions; therefore, this section includes a detailed 

discussion of TAM, the theoretical model of choice for the proposed study. 

Technology Acceptance Model 

The Technology Acceptance Model (TAM) provides a validated theoretical 

framework for hypothesis testing and is widely used by researchers to study technology 

adoption. The model was developed by Fred Davis at the Massachusetts Institute of 

Technology (MIT) to address the rising need in research during the 1970s for predicting 

technology acceptance of information systems. The basic concept behind TAM suggests 
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that the actual behavior in accepting/rejecting a technology is a motivation-driven 

response, impacted by system features and capabilities, as shown in Figure 2 (Chuttur, 

2009). 

 

Figure 2  

The Relationship Between Stimulus-Organism-Response   

 

Note. The relationship between Stimulus – Organism - Response as an explanation for 

technology acceptance. Adapted from “Overview of the Technology Acceptance Model: 

Origins, Developments and Future Directions,” by M.Y. Chuttur , 2009, All Sprouts: 

Working Papers on Information Systems, 9(37) (https://aisel.aisnet.org/sprouts_all/290). 

 The TAM is an extension of the Theory of Reasoned Action (TRA) model, which 

introduces the variables of attitudes, subjective norms, and intentions as predictors of 

technology use. In comparison, TAM adds two additional variables, Perceived 

Usefulness (PU) and Perceived Ease of Use (PEU), as directly influencing attitude. It also 

accounts for external factors that may have indirect influences (Mishra et al., 2014). 

Figure 3 shows a modified early version of TAM. 

  

https://aisel.aisnet.org/sprouts_all/290
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Figure 3 

Early Modified Version of TAM 

 

  
 

Note. Early modified version of TAM showing the influence of perceived usefulness and 

perceived ease of use on attitude and/or behavioral intention. Adapted from “An Analysis 

of the Technology Acceptance Model in Understanding University Students' Behavioral 

Intention to Use E-Learning,” by S.Y. Park, 2009. Educational Technology & Society, 

12(3), 150–162.  

 As part of early validation efforts, Davis defined, operationalized, and tested the 

two variables of PU and PEU and the originally theorized relationships (Chuttur, 2009). 

PU was referred to as the degree to which an individual believes that using a particular 

system would enhance his or her job performance and PEU as the degree to which an 

individual believes that using a particular system would be free of physical and mental 

effort (Chuttur, 2009). The variables were operationalized and tested through ten-item 

psychometric scale measures. The reliability and validity of TAM was demonstrated in a 

study with 112 employee participants from IBM, where the actual use of technologies 

studied was found to be strongly correlated with PU and PEU. After confirming the 
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statistical relationships and based on additional findings since the development of TAM, 

Davis revised the model in 1993 to depict the direct relationship between PU and actual 

use of technology, and the direct relationship between technology characteristics on user 

attitudes (Chuttur, 2009). After further studies, Davis introduced the construct variable of 

Behavioral Intention, which was theorized to be indirectly influenced by PU and PEU. 

However, based on additional findings, Davis later removed the variable of attitude 

toward technology, directly mapping PU and PEU to Behavioral Intention (Chuttur, 

2009). This became known as the final 1996 version of TAM (see Figure 4). 

 

Figure 4 

Final 1996, TAM Model as Applied in this Study  

 

Note. Adapted from “Overview of the Technology Acceptance Model: Origins, 

Developments and Future Directions,” by M.Y. Chuttur , 2009, All Sprouts: Working 

Papers on Information Systems, 9(37) (https://aisel.aisnet.org/sprouts_all/290). 

The final 1996 version of TAM was studied in terms of its limitations and 

application to different settings. TAM was found to be consistent in predicting 

technology acceptance with high test-retest reliability. The methodology used in the 

studies to investigate the reliability and validity of TAM was criticized by some 

PEU
Perceived Ease 

of Use

External 
Variables

PU
Perceived 
Usefulness

BI
Behavioral 
Intention
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researchers based on the fact that the data was subjective, the results were not 

generalizable due to participants being students, and the technology the model was tested 

on was not for mandatory use but rather voluntary. Also, it has been suggested that the 

model is missing the affective/cognitive attitudes – potentially meaningful variables when 

it comes to technology adoption (Chuttur, 2009). 

Currently, there are many technology acceptance models, but some of them like 

the TRA are context specific. In other words, user beliefs must be evaluated within the 

context of a given task, specific environment, and implementation of the technology. In a 

1989 study, TAM was compared to the TRA model and found to be easier to apply and 

less costly because it is a technology independent model. TAM was also compared to the 

Theory of Planned Behavior (TPB) model, which is similar to TRA, but includes 

additional variables (e.g., perceived behavioral control). While TRA was found to be just 

as effective in predicting technology use, the model is more complex (Chuttur, 2009). 

Therefore, over the years, TAM has become one of the most popular models as a simple 

and suitable model for studying any technology in any environment. For this reason, the 

final 1996 version of TAM, extended with the external variables, was the model of choice 

for this study. 

Relevant Research and Major Findings 

This section focuses on the most relevant literature and major findings for the 

purposes of establishing the need for this study and in support of the research 

questions/hypotheses. The search for relevant literature was conducted by using various 

combinations of key terms, such as aircraft maintenance, virtual reality, and technology 

acceptance model, etc., using the databases accessible through ERAU’s Hunt Library and 
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the Google search engine. The search was limited to peer reviewed and scholarly articles 

published within the last eleven years (2010 to 2021). With each search result (sorted 

based on relevance), the first 30 articles were reviewed to identify studies related to VR 

benefits and adoption for training. Additionally, one literature source was used from a 

recent dissertation published in the ERAU Scholarly Commons. The literature search 

produced a total of 11 articles that related to the scope of the study, all of which were 

considered in establishing a need for the study, as support for the selected methodology, 

and to develop the hypotheses. The review of relevant research showed that many studies 

substantiate the claim of VR technology providing gains in learning and training, but 

literature specific to VR use in aviation is limited and scattered across various disciplines, 

such as design for maintainability/assemblability and pilot training. Even more limited is 

research on the use of VR for aircraft maintenance training. Of the 11 relevant studies 

identified, only one, conducted by Sagnier et al. (2020), investigated VR use and 

acceptance for an aeronautical assembly task. As for literature on acceptability of VR for 

aircraft maintenance training, using the Technology Acceptance Model (TAM) as the 

theoretical framework, it is non-existent based on the literature review conducted.  

Of 11 studies identified as relevant, four have strong implications for this research 

based on task or concept similarity. The four studies demonstrate a similar 

methodological approach followed by researchers to predict VR or AR technology 

acceptance in various applications and settings, reveal relationships between the 

variables, and establish the basis of the hypotheses in support of this study. This section 

provides a discussion of these four studies as the most relevant literature and the 

significance of the researchers’ findings. 
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The Technology Acceptance Model (TAM) was applied by Sagnier et al. (2020) 

to study VR for an aeronautical assembly task, which included a set of short aircraft 

manufacturing operations to rivet components. The participants were 89 engineering 

students randomly assigned to two devices, CAVE vs. Head Mounted Display (HMD) 

VR. TAM was extended to include User Experience (UE) variables to investigate 

relationships between pragmatic and hedonic quality-simulation (cybersickness, 

presence, and individual/personal innovativeness). The researchers were interested to see 

the relationship between these factors and Perceived Ease of Use (PEU), Perceived 

Usefulness (PU), and Intention to Use (ITU). The study revealed that VR use is 

influenced by PU (positively) and by cybersickness (negatively) (Sagnier et al., 2020). 

These findings support the selection of external variables and the hypotheses – the 

positive relationship between PU and Behavioral Intention (H1) and the negative 

relationship between Perceived Health Risk (PHR) and PEU/PU (H8, H9). 

A study conducted by Junglas et al. (2013) also investigated VE/VR, focusing on 

the social component of information systems and how it can impact technology 

acceptance. The study introduced the concept of sociability and Perceived Enjoyment 

(PE). More specifically, the results suggested that highly interactive virtual environments 

enabled by VR technology could lead to higher enjoyment and positively influence user 

perceptions and in turn acceptance of the technology (Junglas et al., 2013). The findings 

of this study support the selection of PE as an external variable, hypothesized to influence 

PU and PEU (H6, H7). 

A more recent study by Fussell (2020) investigated VR technology acceptance for 

flight training. The theoretical model used was TAM, which was expanded to incorporate 
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constructs from Theory of Planned Behavior (TPB) and Unified Theory of Acceptance 

and Use of Technology (UTAUT). More specifically and relevant to this research, Fussell 

(2020) hypothesized a positive relationship between performance expectancy (PEXP) and 

perceived usefulness (PU), perceived behavioral control (PBC) and perceived ease of use 

(PEU), and self-efficacy (SE) and perceived ease of use (PEU). The data was analyzed 

using SEM. The findings supported the hypothesized relationship between PEXP and PU 

and SE and PEU. While the relationship between PBC and PEU was not supported as 

hypothesized, based on the literature review conducted by the researcher, there was 

sufficient reason to include the construct of PBC in the TAM model as one of the external 

variables, as it has been previously associated with behavioral intent and actual use of 

technology (Fussell, 2020). The literature review and findings of Fussell (2020), at 

minimum, support the selection of PEXP, PBC, and SE as external variables that could 

be associated with PU and PEU of VR technology within the context of aircraft 

maintenance training (H4, H5, H10, H11). 

 Perhaps the most relevant research is by Wang et al.(2016) on AR technology 

acceptance for aircraft maintenance training. AR is thought to have similar benefits when 

used for training as it also enables a simulated interaction with enhanced cues for learning 

a given task. The study by Wang et al. (2016) is the only study known to date that uses 

TAM to understand similar-to-VR technology acceptance specifically for aircraft 

maintenance training. The study employed the simplified version of TAM and a survey 

methodology to collect data from student mechanics. The results obtained in the study 

support the hypothesized relationships between PU and PEU and all other core variables 
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of TAM (H1, H2, H3). Figure 5 shows the confirmed model and hypothesized 

relationships from the study conducted by Wang et al. (2016). 

 

Figure 5 

Confirmed Hypotheses from Wang, Anne, and Ropp (2016) 

 

Note. Adapted from “Applying the Technology Acceptance Model to Understand 

Aviation Students’ Perceptions Toward Augmented Reality Maintenance Training 

instruction,” by Y. Wang, A. Anne, and T. Ropp, 2016, International Journal of Aviation, 

Aeronautics, and Aerospace, 3(4) (https://doi.org/10.15394/ijaaa.2016.1144). 

 

Summary 

Over the past 10 years, there have been multiple studies conducted on Virtual 

Reality (VR) use for employee or student training, but only a few studies focused on 

acceptance of the technology by aircraft mechanic students. Nevertheless, these studies 

provide significant findings that support the scope and need of this research. There is no 

specific study on acceptance of VR as applied to maintenance training using TAM and 

for the same combination of external variables selected in this study. The most relevant 

studies either applied TAM to VR to the areas of manufacturing, design for 

https://doi.org/10.15394/ijaaa.2016.1144
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maintainability, pilot training, etc., or applied TAM to a similar technology, such as AR. 

Many of the studies on VR technology acceptance failed to include any theoretical 

model, and used a limited number of participants, who often were from a single 

institution, which compromises generalizability of findings to the greater population.  

Synthesis of relevant literature shows that another knowledge gap is in the scope 

of existing studies. There is no single study that examines a comprehensive set of 

external variables, to include perceived enjoyment, perceived health risk, and self-

efficacy all in one study; and there is no consistency in the results obtained with respect 

to the hypothesized relationships between the variables. This makes it difficult to 

select/incorporate external variables into TAM and to formulate hypotheses. Finally, 

there is a lack of rigor in previous studies related to VR technology acceptance for 

training with respect to study methodology, data collection, analysis, and interpretation. 

As a result, some studies fail to provide a viable explanation for their findings. Much of 

this comes from not utilizing a clear theoretical framework, especially when researchers 

attempt to incorporate many different models, but end up with convoluted hypotheses and 

testing as observed in the study by Sagnier et al. (2020). The Sagnier, et al. (2020) study 

incorporated UX variables, but applied multiple different rating scales to collect and 

analyze the data, which made the methodology too convoluted from a statistical analysis 

perspective, because using different measurement scales for variables that are 

hypothesized to be associated with one another could potentially compromise the 

reliability of the results. The need for an experimental design to study acceptance was not 

well explained either, as the theoretical framework used by the researchers was TAM (a 

model that does not suggest causation but rather an extent and direction of associated 
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relationships). Another example of a study that lacked rigor due to no theoretical 

framework being used to address VR technology acceptance was by Brauer and Klingauf 

(2008). The study was conducted with 100 Lufthansa pilot participants. The main focus 

was on the effectiveness of VR, but conclusions were also made on acceptance of VR for 

pilot training with no ground theory to justify or explain the author’s interpretation of the 

results. For that reason, the study was excluded from the list of relevant literature and for 

supporting the hypotheses of this study. Therefore, this research was an opportunity to 

address some of these gaps with a simplified but rigorous method of applying the final 

1996 version of TAM (extended), to test very few variables of interest that can be 

supported by previous research findings and statistically analyzed.  The methodology, in 

terms of the number of participants, the type of statistical analysis, and use of a 

previously validated survey instrument, ensured trustworthy results. The study also 

focused on a limited set of external variables, specifically those that have been deemed to 

be supported through previous research. This preserves the simplicity of the theoretical 

model and was deemed appropriate for confirmatory analysis.   
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Chapter III: Methodology 

Chapter III describes the research methodology for this study to establish 

replicability. The section addresses the research approach, design and procedures, 

sampling, data collection, and data treatment. The reliability and validity of the study are 

also discussed. 

Research Approach 

This study employed quantitative research methodology. Quantitative 

methodology is appropriate when a theoretical model is used as the bases of the 

hypotheses. The intent of the study was to confirm/disconfirm the hypothesized 

relationships through objective statistical analysis, which is best achieved and 

communicated through a quantitative approach. Understanding the reason behind student 

mechanics' perceptions was not part of the study scope and therefore, a qualitative 

research methodology was not selected. The theoretical framework selected, the 

Technology Acceptance Model (TAM), required data collection via a cross-sectional 

survey. A cross-sectional survey suggests that the data represents a snapshot in time. 

Structural Equation Modeling (SEM) was applied to the quantitative data to assess model 

fit and hypothesized relationships -- to make statistical inferences about the student 

mechanic population, more specifically their attitudes toward VR use for aircraft 

maintenance training. Since the study utilized TAM as the main theoretical framework, 

the research approach was considered deductive – confirmatory in nature. It is important 

to note that the study was non-experimental, in that variables were not manipulated, and 

no causal relationships can be established. 
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While TAM offers a theoretical framework that has been validated through many 

studies before, and the survey instrument enables the operationalization of the conceptual 

variables, considering the uniqueness of each study with regard to the selected external 

variables, the model still needs to be validated. Therefore, a pilot study was conducted 

prior to deploying the final study to help validate the hypothesized model and make 

necessary adjustments to the model and the survey instrument. The pilot study was 

administered to students enrolled in the Embry-Riddle Aeronautical University (ERAU) 

aviation maintenance science program on the Daytona Beach Campus. Since the purpose 

of the pilot study was to validate the survey instrument, ensuring that the questions are 

relevant, clear, and measure the constructs as intended, the anticipated sample size of 40-

60 participants was deemed acceptable. The pilot study gave an opportunity for an 

iterative approach to improving the overall validity and reliability by updating the survey 

questions based on preliminary results. The data from the pilot study was analyzed using 

Confirmatory Factors Analysis (CFA) to test the relationship between variables, make 

conclusions on model fit, and in turn, update the hypothesized model as necessary.  

Design and Procedures 

The research design of this study was a survey. Survey design is a cost-effective 

means of collecting a large amount of data, and it is a common method used in 

social/behavioral sciences (Vogt et al., 2012). Surveys produce subjective, and in this 

case, quantitative data, which can be statistically analyzed and generalized to the 

population being studied. For the purposes of the study, the survey utilized a five-point 

Likert scale to collect and code participant responses for quantitative statistical analysis, 

where a rating of 1 represents strongly disagree and 5 represents strongly agree. A five-
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point scale was selected based on researcher preference, though it is consistent with 

similar studies using TAM. It is also thought to be less frustrating for participants, which 

in turn produces a better response rate compared to a seven or nine-point scale. 

Demographic information was also collected to make comparisons in student mechanic 

responses. The survey instrument was designed based on multiple previous studies that 

used TAM to investigate technology acceptance within various contexts. References for 

studies used to generate a preliminary set of questions for measuring the constructs are 

presented in Figure 6. An effort was made to adapt a survey instrument specifically from 

studies that applied TAM to VR (or similar technology, such as AR) and studies that 

examined the same set of external variables. This approach was important in developing 

the survey questions to ensure that the questions measured the intended construct, as 

demonstrated previously. The questions did require some customization to fit the context 

of this research. For example, if the source study applied TAM to predict VR acceptance 

for flight training, then the core of the question was maintained with respect to the 

constructs and indicator variables, but the use of VR within a given context was updated 

to state, "for aircraft maintenance training."  

The study applied Structural Equation Modeling (SEM), a multivariate statistical 

analysis technique, to analyze the quantitative data collected from the survey and to make 

inferences about the target population. SEM is considered appropriate for studies that 

utilize a theoretical model, such as TAM, and are confirmatory in nature. It has been used 

in many previous studies to analyze relationships between indicator variables and latent 

variables as proposed by a given theoretical model. In the study and per TAM, the 

indicator variables were perceived usefulness (PU) and perceived ease of use (PEU), and 
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the latent variable was the behavioral intention (BI) of using VR for maintenance 

training. However, as a parametric statistical analysis technique, SEM does require 

interval-quality data, which in this case was achieved through the summation of the 

Likert scale responses across multiple items/questions that measure the same variable 

(Fussell, 2020). 

SEM involves a two-stage analysis: (1) Confirmatory Factor Analysis (CFA) and 

(2) Structural Equation Modeling (SEM). The model utilizes regression equations to 

analyze relationships that exist between the variables from sets of data, if any (Byrne, 

2016). CFA is a measurement model, intended to investigate relationships between 

construct variables and their observed variables. In other words, it is conducted to 

confirm the theoretical model, in this case the extended TAM used in the study. CFA 

method looks at covariances of latent variables and their associated measured variables to 

confirm or disconfirm theorized links, which ensures the validity and reliability of the 

measures and allows testing for SEM assumptions. The process of conducting CFA 

requires data to be prepared (e.g., replaced, imputed, transformed as necessary) (Truong, 

2018). CFA is the first statistical analysis applied to the data to establish valid 

relationships and good model-fit, followed by SEM to test the significance of those 

relationships. 

The second stage analysis, SEM, is intended to test the entire structure of the 

theoretical model, the direction of the relationships hypothesized, and the strength of 

those relationships. The analysis produces results that are interpreted similar to CFA 

(Truong, 2018). The process of conducting SEM includes creating a path diagram based 

on the confirmed theoretical model that is being tested. Factor loadings, model-fit 
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indices, and MI values for post-hoc analysis were calculated. The MI values could reveal 

new relationships that were not initially hypothesized, in which case an additional 

literature review would be required to explain those relationships. The main goal of SEM 

is to make conclusions on model-fit, which means assessing if the data substantiates the 

proposed model. It is reasonable to expect a good model-fit in SEM (stage 2) analysis, if 

the CFA has revealed a good model-fit to begin with (Truong, 2018).  

In summary, the study steps included (a) defining the construct variables, (b) 

developing a survey instrument, (c) conducting a small-scale study (pilot study), (d) 

revising the model and survey instrument as suggested by the small-scale study results, 

(e) conducting a large-scale study, and (f) analyzing the data through full SEM (assuming 

required sample size is achieved).  The definitions of construct variables and the survey 

instrument were derived from studies that utilized TAM or studies that utilized other 

theoretical frameworks to define and investigate the same variable as in this study. 

Hence, the survey questions were also based on previous literature for higher validity, 

though some customization/tailoring was required to fit the context of the study. The 

small-scale study was used refine the survey instrument and hypotheses. The results of 

the small-scale study helped determine if adjustments to the model with respect to the 

construct variables were needed. The finalized survey was administered digitally within a 

set timeframe, and data collected and analyzed in two stages, as described previously. 

More procedural details are provided in the following sub-sections. 

Apparatus and Materials 

There were no physical materials used in the study, other than the incentive being 

offered as part of a raffle and a computing device to digitally administer the survey and to 
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collect and analyze the data. The survey instrument was developed, and its link 

distributed to participant emails using a web-based application, Google Forms. The 

survey included a briefing and introduction section that explained the study’s purpose, 

instructions, and participant rights. To ensure that all participants had a basic 

understanding of VR, a short Power Point presentation with a video was shown before 

the survey began. The initial set of questions obtained demographic data, followed by 

questions that were intended to measure the variables in the study. The data from the 

survey was analyzed using the SPSS AMOS software, SPSS, and Microsoft Excel. 

Population/Sample 

The target population for the study was students currently enrolled in aircraft 

maintenance schools within the U.S. The sampling frame was primarily driven by the list 

of FAA approved maintenance schools but was also limited by the institution’s 

willingness to support the study, allowing survey administration to their students and 

access to/availability of student email addresses. When this study was planned, there 

were 177 FAA approved schools across the U.S. (FAA, n.d.-a). For practical reasons, 

judgement sampling as a form of convenience sampling, a non-probabilistic strategy, was 

used to target institutions that were more willing to support the study or institutions with 

higher and lower enrollment to achieve some level of diversity. Both public and private 

schools were considered. All 177 FAA approved schools were contacted via 

phone/email/social media and extended an invitation to participate.  

The size of the target population is the total number of students enrolled across all 

FAA approved maintenance schools. Since enrollment is subject to change at any given 

moment, and the FAA does not require schools to report current enrollment data, it is 
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difficult to calculate the population size. Based on a business aviation article published by 

Broderick (2017), the population size was 18,000 students as of mid-November 2017. 

Anticipating an increase in enrollment since then, the population size was estimated to be 

20,000 to 50,000 at the time of this research. Determining the sample size for SEM is a 

challenge acknowledged by many researchers (Wolf et al., 2015). Compared to other 

statistical techniques, SEM is more sensitive to sample size and requires a larger sample 

to ensure accurate and valid conclusions about a given population. The sample size 

required for SEM analysis also depends on the number of variables being studied. A 

theoretical model with more variables and complex relationships would require a larger 

sample size (Fussell, 2020). Other factors to consider when calculating the sample size 

include the desired confidence level (95% vs. 99%) and the margin of error (typically set 

at 5% maximum). When the population data is available, the sample size can be 

determined mathematically, which is the most preferred method. One such mathematical 

method is using the Raosoft (2004) sample size equation, as shown below: 

x = Z(c/100)2 * r(100-r) 

n = Nx/((N-1)E2 + x) 

E = Sqrt[(N-n)x/n(N-1)] 

In this case, the exact population size data was not available. Attempts were made 

to collect the enrollment information by contacting the schools directly, which was 

unsuccessful due to the schools’ failure/inability to provide the information. Hence, the 

planned workaround technique of estimating the required sample size based on similarity 

of schools, to allow mathematical calculation of sample size and to validate the success 

criteria of the study, was also not possible.  
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Alternative approaches for defining the sample size were considered. For 

example, using the guidelines provided by Hair et al. (2010) and assuming model 

complexity equivalent to seven or more constructs, the minimum sample size would be 

500. This is consistent with the mathematical estimation of 375-655 survey responses 

required for 95% vs. 99% Confidence level, respectively, with a Margin of Error at 5% or 

less. Considering in this study that the hypothesized model was relatively simple with 

respect to the directional relationships between the variables, and there were eight 

identified construct variables with each being measured by three survey items, Table 1 

guidance by Hair et al. (2010) suggested a more conservative approach with a sample of 

500. 

 

Table 1 

Guidance for Minimum Sample Size Based on Model Complexity 

 
Minimum Sample Number of   Model Notes 

Size  Constructs 

 

100  1-5   3+ items for each construct (observed variables) and 

      high item communalities of 0.6 or greater 

150  1-7   Modest item communalities of 0.5 and 

     no under identified constructs 

300  1-7   Communalities of 0.45 or less and/or multiple 

     under identified constructs 

500  7 +   Some items may have low communalities and/or 

     fewer than 3 measured items 

 

Note. Adapted from Determinants of Aviation Students’ Intentions to Use Virtual Reality 

for Flight Training [Ph.D. dissertation, Embry-Riddle Aeronautical University], by G.S. 

Fussell, 2020, Scholarly Commons (https://commons.erau.edu/edt/542/). Original 

guidance from Multivariate Data Analysis (p. 574), by J.F. Hair, W.C. Black, B.J. Babin, 

and R.E. Anderson, 2010, Prentice Hall.  

https://commons.erau.edu/edt/542/
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The Westland (2010) formula provides a mathematical approach for calculating 

the minimum sample size required for SEM analysis and was the preferred method for 

this study because it does not require a population size. The formula accounts for the 

anticipated effect size, desired statistical power, probability level, and the number of 

latent and observed variables. There is precedented use of Westland's (2010) formula in 

studies with SEM analysis, which justifies its use for this study. The formula is as follows 

(Fussell, 2020): 

 

Where: 

 

Using the online tool developed by Soper (2021) to calculate the required sample 

size based on the formula above, the minimum sample size for the study was set at 444 

survey responses, considering the study included eight latent variables and 24 observed 

variables (three per construct). This mathematical estimation was also based on an 

anticipated effect size of 0.2, desired power level of 0.8, and a probability of 0.05, as 

recommended by the Soper (2021) calculator for SEM analysis. 

The required sample size was planned to be recalculated if more data became 

available, using the Raosoft (2004) equations, to validate the success criteria. For 
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practical reasons, the plan was to collect enrollment data from the FAA approved school 

websites to the extent possible and inquire about the number of students enrolled in the 

aircraft maintenance program when contacting each school to obtain approval for the 

study. Since this data was not made available, for the purposes of the study, a sample size 

of 444 was assumed to be adequate and appropriate to achieve priori thematic 

saturation/data saturation.  

Sources of the Data 

The source of data for the proposed study was from a cross-sectional survey that 

was used to collect quantitative data utilizing a five-point Likert Scale. The survey was 

administered digitally via email and social media to students enrolled in an aircraft 

maintenance program at an FAA-approved school and as permitted by the school. There 

were certain factors that prevented or made it difficult to conduct the survey in-person, 

such as temporary restrictions due to a widespread virus - COVID. Therefore, the online 

survey was the best option, though it may not have produced as many responses as 

desired. Many students may have been more hesitant to participate from a home 

environment (assuming many of the schools were practicing distance/hybrid learning 

more so than ever before), or some students may have had connectivity issues (e.g., no 

24/7 access to internet). The data collection began as soon as the IRB application was 

approved (see Appendix), and the survey instrument was ready. The survey remained 

open for three months to give adequate time for students to participate and to increase the 

chances of achieving the required sample size. Whenever possible, students were sent a 

reminder email to take the survey. 



55 

 

Data Collection Device 

An online survey instrument was used to collect quantitative data. There was a 

briefing/introduction section, to communicate the purpose of the study, a consent form 

with disclosure of participant rights, a short presentation for basic overview of VR as 

applied to maintenance training, and a set of questions to confirm that the student 

qualified to participate based on self-reported enrollment status (currently enrolled 

student) and age (an adult – 18 years of age or older). The consent form included 

information on the raffle (as incentive for participation) and raffle entry limitations. The 

survey then began with demographic information, such as age, gender, race, education 

status, current/previous VR use, followed by questions to measure the variables being 

studied.  

The survey instrument consisted of 29 questions for measuring the constructs, 

three questions per each variable/construct being studied (24 questions), plus five 

demographic questions. Each of the 24 questions had a corresponding open response/text 

field as an opportunity for participants to provide an explanation for their responses, as to 

why they agree/disagree with a given statement. The total number of questions is mainly 

driven by the minimum number of items required to measure each construct with greater 

reliability and validity, as suggested by previous studies and with consideration for 

achieving higher confidence levels and lower margins of error in data analysis and 

results. Three measurement items per each construct were also inferred to be adequate 

based on the sample size guidance provided by Hair et al. (2010). The five demographic 

questions were selected based on research interests and were consistent with the 

demographic factors measured in similar studies on VR technology adoption. The intent 
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of the demographic questions was to verify proportionate representation if any group is 

over/under-represented. The demographic questions and subgroup categories were as 

follows: 

• Age 

• Gender (Female/Male/Other/Prefer not to say) 

• Race (Latino or Hispanic/African American/Asian/Caucasian/Native 

American/Other (specify)/Unknown/Prefer not to say) 

• Education Status (First year/Second year/Third year or beyond) 

• VR Experience Level (Never used VR/Used VR before, but not a frequent 

or current user/Frequent or routine VR user) 

The predictive variables, as indicated in the TAM model, are perceived usefulness 

and perceived ease of use. In addition to these variables, five other relevant external 

variables were selected based on the literature review, to study external factors that 

influence perceived usefulness and perceived ease of use as determinants of behavioral 

intention of using VR for maintenance training. Operational definitions for these 

variables are provided in Figure 6. A five-point Likert scale was used to collect 

quantitative data, with 1 indicating strongly disagree, and 5 indicating strongly agree 

responses. Figure 6 also presents the survey questions, developed based on literature 

review and validated instruments from previous studies using TAM as the theoretical 

framework. The survey questions were modified to fit the technology being studied and 

its application and were refined/finalized with help from subject matter experts, as 

necessary, prior to administering the survey. The modification of the questions was 

justified by the fact that the theoretical model of choice in this study, TAM, is a 
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technology independent model. This means TAM provides a theoretical framework that 

can be applied to any technology, but customization of the questionnaire is needed to add 

context of use for a given technology. Since its development, TAM has been 

implemented within different contexts as established through the questionnaire and 

consistently demonstrated to be valid in many previous studies (Lala, 2014).  

 

Figure 6 

Preliminary Survey Questions 

Construct 
Variables 

Operational Definition Reference(s) 
for 

Definitions 

Survey Questions/ 
Indicators 

Reference(s) 
for Questions 

Behavioral 
Intention 

(BU) 

Degree to which an aircraft 
mechanic student intends to 
adopt VR technology for aircraft 

maintenance training. 

Huang & 
Liaw (2018) 

BI1: If made available, I will use VR for 
aircraft mechanic training. 

Gong, et al. 
(2004); 
Park (2009); 

Sagnier et al. 
(2020) 

BI2: I intend to use VR for aircraft mechanic 

training if offered as an option in the future. 

BI3:  If made available, I would use VR for 
aircraft mechanic training regularly. 

Perceived 
Usefulness 

(PU) 

Degree to which an aircraft 
mechanic student believes that 
using VR technology would be 
beneficial to his/her training. 

Huang & 
Liaw (2018); 
Park (2009) 

PU1:  Aircraft maintenance training using VR 
would enhance my learning. 

Park (2009); 
Sagnier et al. 
(2020) 
 

PU2:  Aircraft maintenance training using VR 
will be useful for real world aircraft 
maintenance. 

PU3: Using VR will make aircraft 
maintenance training more efficient. 

Perceived 
Ease of Use 

(PEU) 

Degree to which an aircraft 
mechanic student believes that 
using VR technology for aircraft 
maintenance training would be 
effortless. 

Huang & 
Liaw (2018); 
Park (2009) 

PEU1:  Learning to use VR for aircraft 
maintenance training will be easy for me. 

 
Park (2009); 
Sagnier et al. 
(2020) 

PEU2:  It will be easy to gain skills for aircraft 
maintenance using VR. 

PEU3:  I find VR easy to use for aircraft 
maintenance training. 

Self-Efficacy 
(SE) 

Degree to an aircraft mechanic 
student has confidence that 
he/she is able to operate VR 
technology for aircraft 
maintenance training.  

Huang & 
Liaw (2018); 
Levy & 
Green (2009) 

PSE1:  I feel confident in my ability to use VR 
for aircraft maintenance training. 

 
Gong, et al. 
(2004); 
Levy & Green 
(2009); Park 
(2009) 

PSE2:  I could use VR for aircraft 
maintenance training if someone showed 
me how to do it first. 

PSE3:  I feel confident in my ability to use VR 
for aircraft maintenance training if I see 
someone else using it before trying it myself. 

Perceived 
Health Risk 

(PHR) 

Degree to which an aircraft 
mechanic student perceives the 
use of VR technology for 
maintenance training to be 
posing a health risk. 

Tang et al. 
(2019) 

PHR1: Using VR for aircraft maintenance 
training may negatively affect my health. 

Tang et al. 
(2019) 

PHR2:  I am concerned that use of VR for 
aircraft maintenance training may have an 
adverse outcome on my physical health. 

PHR3: Using VR for aircraft maintenance 
training is not safe. 

Perceived 

Enjoyment 
(PE) 

The degree to which using VR 

for aircraft maintenance training 
“is perceived to be enjoyable in 
its own right apart from any 

Fussell 

(2020) 

PE1: Using VR for aircraft maintenance 

training would be enjoyable. 

Fussell (2020) 

PE2:  Using VR for aircraft maintenance 
training would be exciting. 
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performance consequences that 
may be anticipated.” 

PE3:  I would enjoy using immersive 
simulation technology such as VR for aircraft 
maintenance training. 

Performance 
Expectancy 

(PEXP) 

The degree to which a student 
believes that using VR for 
aircraft maintenance training 
will improve his/her 
performance as compared to 
traditional learning methods 

Fussell 
(2020); Lewis 
et al. (2013) 

PEXP1: Using VR for aircraft maintenance 
training is more productive and efficient 
compared to traditional learning methods 
(textbooks, lectures, videos, etc.) 

Fussell (2020) 

PEXP2: Using VR for aircraft maintenance 
training will improve my aircraft 
maintenance skills. 

PEXP3: Using VR for aircraft maintenance 
training will improve the progression of my 
training. 

Perceived 
Behavioral 

Control 
(PBC) 

The extent to which an aviation 
student feels able to control 
using VR technology for aircraft 
maintenance training 

Fussell 
(2020) 

PBC1: I could use VR for aircraft 
maintenance training if I could call someone 
for help if I got stuck. 

Fussell (2020) 

PBC2: I could use VR for aircraft 
maintenance training if I had virtual 
instructor guiding me. 

PBC3: I could use VR for aircraft 
maintenance training if I had only the 
manuals for reference. 

Note. The table presents the construct variables with their operational definitions and the 

corresponding survey questions, with corresponding sources. 

 

Reliability and Validity 

The validity and reliability of the study were addressed through the theoretical 

framework used, sampling method, survey instrument, and analysis applied to the data. 

The overall objective was to ensure that the results were accurate and meaningful. Use of 

the Technology Acceptance Model (TAM) establishes construct validity as the model has 

been demonstrated to be highly valid and successful in operationalizing the conceptual 

variables through survey methodology. A five-point Likert scale survey as the instrument 

of choice is common across studies on technology adoption. The preliminary survey 

questions were formulated based on the literature review and were further reviewed by 

research advisors. Furthermore, the survey questions/instrument were refined, as 

necessary, based on the results of the pilot study to ensure that the questions accurately 

measured each construct (reliability) and produced meaningful results (validity). 
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Full SEM also addresses convergent and discriminant validity for different 

measures of the same construct and uniqueness of the constructs, respectively.  

Composite Reliability (CR) values are used to determine if an observed variable should 

be removed from the model. Variables with CR values of greater than 0.7 were deemed 

acceptable and were retained in the model. Cronbach’s alpha is another method of 

assessing instrument reliability and was reserved as an alternative technique for variables 

that showed low CR values. Use of CFA analysis prior to SEM also ensures that 

measures/constructs are valid and reliable, providing an opportunity to assess and adjust 

the hypothesized model and address assumptions required for SEM. Construct and 

convergent validity were addressed based on values for factor loadings and average 

variance extracted (AVE) from CFA output. AVE values of greater than 0.5 were deemed 

acceptable. The AVE value was used to assess the distinctiveness of each construct - 

discriminant validity. If the AVE value for a given factor is greater compared to the 

maximum shared variance (MSV) of the corresponding factor, then discriminant validity 

is deemed acceptable (Fussell, 2020).  The selected statistical analysis was deemed to be 

the most appropriate for hypothesis testing based on ground theory as it applies 

regression equations to the data and has the potential to reveal new relationships among 

construct variables; therefore, the method provides the statistical validity needed to draw 

conclusions.     

In terms of external validity, while effort was made to achieve diversity of student 

participants, the sample was limited to those schools that were willing to support the 

study. A survey methodology is highly based on self-reports, which some researchers 
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argue is biased; however, there are no known methods that are 100% reliable and 

objective to measure the conceptual variables being studied. 

Treatment of the Data 

The data collected from the survey needed to meet certain assumptions to qualify 

for SEM analysis. SEM can only be applied to normally distributed and complete data. 

The assessment for normality was done through histograms and descriptive statistics, 

looking for any indication of kurtosis/skewness. In case the assumption was not met, the 

data was to be transformed using the SPSS software through one of a few methods. Any 

missing data needed to be addressed through an imputation technique. Missing values 

were identified in SPSS prior to conducting CFA. Depending on the situation, it may 

have been necessary to address the missing data by regression imputation, deleting the 

entire set of responses for a given participant(s) or substituting it with a value that is 

derived from the rest of the data (e.g., mean or case substitution). Likewise, any outlier 

data needed to be assessed to determine if it is best to remove, keep, or transform it 

(Truong, 2018). 

Descriptive Statistics 

Descriptive statistical analysis was conducted to test the data collected on TAM 

variables against the assumption of SEM and determine if data transformation was 

needed. More specifically, the descriptive statistics were used to reveal if the data was 

normally distributed vs. kurtotic and/or skewed. Normally distributed data means that 

values at extreme ends of the data set do not have a significant impact on the mean value, 

and the data distribution is bell-shaped, where 68.2% of observations lie between + or - 1 



61 

 

Standard Deviation (SD), 95.4% lie between + or - 2 SD, and 99.7% lie between + or - 3 

SD from the mean (Anaesth, 2019).   

The normality of the distribution is particularly important in achieving meaningful 

statistical analysis results. This is because the mean is used to calculate statistical 

significance (P value). If the mean turns out to be not representative of the data, then it 

would be inappropriate to use the mean value for inferential statistics as it could lead to 

incorrect interpretation of the results. While the central limit theorem suggests violation 

of the normality may not be an issue for a sample size of over 100 (Anaesth, 2019), it is 

best to test the data against the assumption, and if not met, transform the data prior to 

applying SEM analysis. This best ensures that the results are meaningful. For the 

purposes of this study, the normality of the data was tested using the Kolmogorov-

Smirnov method in SPSS, which is appropriate for a large sample size. For the pilot 

study, the Shapiro-Wilk test was considered to be more appropriate due to a smaller 

sample size (Anaesth, 2019).  

In summary, descriptive statistics was conducted on the demographic data 

collected and for each of the variables. The demographic data included the age, gender, 

and experience level with VR or aircraft maintenance or gaming. The mean values with 

SD for each of the variables provides some indication of participants' attitude toward VR, 

if there is general agreement/disagreement across all participants with respect to their 

perception of the technology, or if participant responses are neutral in some cases. 

Descriptive statistics results are provided in the form of a table/chart, values for 

mean/mode/median, standard deviation, etc., as appropriate (see Chapter IV).  
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Hypothesis Testing 

The small-scale study could present a need to adjust the model and hypotheses; 

therefore, the hypothesis testing was planned to take place through SEM, first by testing 

for good model fit through CFA, then by testing the strength or significance of any 

relationships between the variables through SEM. Model fit indices of CFI, GFI, AGFI, 

NFI, CMIN/df, and RMSEA were used to draw conclusions on relationships between 

variables. Each of these indices has an acceptable range that the actual value must fall 

within to conclude that a relationship exists. The acceptable values for the model fit 

indices are presented in Table 2. Standardized regression weight and CR values were 

used for hypothesis testing and reporting. These values helped determine the direction of 

a given relationship between variables and significance of that relationship (Truong, 

2018). 

 

Table 2 

Model Fit Summary from SEM 

Model Fit Indices   Acceptable Range 

CFI     > 0.93 

GFI     > 0.9 

AGFI     > 0.9 

NFI     > 0.9 

CMIN/df    3 or less 

RMSEA    < 0.06 
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Summary 

 Chapter III provided details of the study methodology. The research approach was 

described to be quantitative, with the data being collected using a survey instrument. The 

chapter also described the challenges associated with estimating the population size and 

how the success criteria was set for the required sample size. The analysis technique and 

tools were also presented with a step-by-step description of how SEM was planned to be 

conducted. Finally, the chapter addressed the reliability and validity of the results based 

on the selected statistical analysis technique and applicable assumptions, factor loadings, 

and average variances. 

 Chapter IV will cover the actual results from the study, detailing the measures 

obtained from descriptive and inferential statistical analysis, to include the model fit 

indices. Chapter V will provide a discussion of the results and interpretations, along with 

implications and recommendations for future research. 
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Chapter IV: Results 

This study attempted to address acceptance of VR technology by aircraft 

mechanic students through a Likert scale survey questionnaire that was designed to 

measure students' Perceived Usefulness (PU), Perceived Ease of Use (PEU), and 

Behavioral Intention (BI), as the construct variables supported by Technology 

Acceptance Model (TAM). Based on the literature review, the study also considered the 

external variables of Self-Efficacy (SE), Perceived Enjoyment (PE), Perceived Health 

Risk (PHR), Performance Expectancy (PEXP), and Perceived Behavioral Control (PBC) 

as contributors to PU and PEU. A model was developed to hypothesize the relationships 

between these variables and to determine the extent to which the variables affect the 

students' intent to use VR technology for aircraft maintenance training. 

Chapter IV presents the results of the study in a sequential fashion, for all phases 

of the research process and analysis. First, the chapter covers findings from the Structural 

Equation Modeling  (SEM) analysis of the pilot study data, explaining the outcome and 

providing a rationale for the final study decisions. Next, the chapter presents the results 

from the demographic data, descriptive statistics, reliability, and validity testing. Sample 

size for the final study analysis is also addressed as justification for switching from SEM 

to Exploratory Factor Analysis (EFA) for the final study analysis. Finally, the results 

from EFA for the final study are presented, addressing the hypothesized factors and the 

updated research question. 

Pilot Study Results 

A pilot study was conducted with aircraft mechanic students from Embry-Riddle 

Aeronautical University (ERAU). The survey was administered through Google Forms. 
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Students were invited to participate via email and in-person solicitation. A sample size of 

55 participants was achieved. The data was prepared for CFA analysis as part of the full 

SEM process. First, AMOS was used to create a diagram with all latent and observed 

variables (indicators) and all possible relationships. The diagram is presented in Figure 7, 

along with CFA calculation outputs. The Notes for Model showed that the model is 

adequately over-identified, where the number of data points are higher than the number 

of parameters, with positive Degrees of Freedom. This indicated an ability to reject the 

model; hence, there was no need to fix the regression weights/factor loadings for the 

relationships between variables. With CFA being more sensitive to kurtosis than 

skewness, a kurtosis value of 5 and skewness value of 3 were used as thresholds (Truong, 

2022). Normality was found to be acceptable based on the AMOS data. The highest 

values were 3.173 for kurtosis and 1.843 for skewness. There were no outliers found 

based on the Mahalanobis D-square values being less than 100 and acceptable (Truong, 

2022).  
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Figure 7 

First Specified CFA Model 
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The objective of the CFA analysis was to obtain an acceptable model fit to ensure 

validity and reliability of the measures and the constructs prior to running SEM. The 

process is iterative in nature, requiring removal of problematic variables and retesting. As 

an initial step, regression weights (otherwise known as factor loadings) were reviewed for 

all observed variables, where values above .5 were deemed acceptable. Factor loadings 

for PHR3 and SE2 showed unacceptable factor loadings. It is important to note that factor 

loadings alone are not sufficient for drawing conclusions on model fit. Model fit indices 

also showed poor model fit based on CFI, GFI, AGFI, NFI RMSEA values obtained (see 

Figure 8). 

 

Figure 8  

Model Fit Indices Results 

Model Fit Indices Thresholds 
& 

Expectations 

Values Results 

CMIN/df  
(normed Chi-square) 

<=3 1.664 Satisfactory 

CFI >=0.93 .867 Not Satisfactory 

GFI >=0.9 .652 Not Satisfactory 

AGFI >=0.9 .534 Not Satisfactory 

NFI >=0.9 .733 Not Satisfactory 

RMSEA <=0.06 .111 Not Satisfactory 

 

Since good model fit was not achieved, a post-hoc analysis (model re-

specification) was conducted. The purpose of the post-hoc analysis was to explore, revise 

the model by making necessary adjustments based on Modification Indices (MI) values, 

and retest the model. This was done in an effort to achieve a good model fit without 

convoluting or over-manipulating the model to fit the data. After reviewing the MI values 
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for possible covariances between two error-terms or cross loading (regression between an 

item and a factor) and adjusting the model with one change at a time, a good model fit 

was still not achieved. The assessment also demonstrated poor construct reliability with 

multiple variables showing Cronbach's Alpha values below 0.7.  Convergent and 

discriminant validity based on AVE and MSV values were also poor. Factor loadings, 

validity, and reliability results, focusing on out-of-range values, are shown in Table 3.  
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Table 3 

Factor Loadings, Construct Reliability, Convergent & Discriminant Validity 

Construct     Item Question     Factor Loading     CR(≥ 0.7)     Cronbach's Alpha     AVE (≥0.5)     MSV 

    (≥0.5)                   (≥0.5) 

 

BI  BI1  0.81 

  BI2  0.94           0.87            0.77 0.96 

  BI3         0.88 

 

PU  PU1  0.88 

  PU2  0.82           0.87            0.76 1.08 

  PU3         0.92 

 

PEXP  PEXP1  0.80 

  PEXP2  0.92           0.89            0.79 1.08 

  PEXP3         0.94          

 

PE  PE3  0.87 

  PE2  0.93           0.92            0.83 0.78 

  PE1         0.94          

 

PEU  PEU3  0.75 

  PEU2  0.60           0.72            0.48 1.01 

  PEU1         0.72          

          

SE  SE1  0.75 

  SE2  0.33           0.65  0.59          0.45 0.60 

  SE3         0.81          

          

PHR  PHR1  0.63 

  PHR2  0.65           0.51  0.45          0.30 0.51 

  PHR3         0.29          

    

PBC  PBC3  0.51 

  PBC2  0.71           0.68  0.67          0.30 0.51 

  PBC1         0.74          

 

It is important to note that MSV values are based on the correlations between the 

constructs. The initial analysis produced multiple correlations that exceeded the 

parameter of -1 to +1, as suggested by the unacceptable MSV values of  > 1 (see Table 

3). The out of bound values are referred to as Heywood cases and may be indicative of 

the sample size being too small for CFA analysis, the data being not normally distributed, 

or having problematic outliers (American Psychological Association [APA], 2018). 
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Attempts to fix the Heywood cases, by setting the parameter to 1 and reanalyzing the 

data, failed to achieve a good model fit or show improvements in convergent and 

discriminant validity. Running the risk of convoluting the model, and after revisiting the 

literature and consulting with subject matter experts (SMEs) on the results obtained with 

the several attempts of adjusting the model, it was concluded that the poor model fit, 

validity, and reliability results were potentially due to the small sample size. Therefore, 

the overall approach for the final study was revisited with respect to the number of 

variables hypothesized and the associated survey questions. Given the anticipated 

challenges with achieving the required sample size for full SEM analysis of the final 

study, the scope of the final study was strategically reduced by removing the external 

variables, as coordinated with SMEs. The survey instrument was updated accordingly to 

reflect only three of the main construct variables from TAM: PU, PEU, and BI. 

Final Study Results 

Demographics 

The survey produced 55 student responses from the pilot study and 65 from the 

final. The responses from the pilot study were included as part of the full sample for 

analysis. Whenever possible, demographic data was analyzed to make comparisons and 

ensure the sample was representative of the population. Demographic data collected 

included participants' age, gender, race, education status, and experience level with VR 

technology. The results are presented in Table 4. 

 

 

 



72 

 

Table 4 

Demographic Attributes of Participants 

Attribute      Category         Frequency (N=120)  Percentage      

   

Gender  Female      19       15.8 

  Male      94       78.3 

  Other/Prefer not to say/No Response   7         5.8         

 

Race  Latino or Hispanic    18       15.0 

  African American     9         7.5 

  Asian       6         5.0 

  Caucasian     68       56.7 

  Native American      2         1.7      

  Other/Mixed/Prefer not to say/No response  17       14.2 

 

Education 1st year      36       30.0 

Status in  2nd year      51       42.5  

AMT Program 3rd year or beyond    28       23.3 

  No response      5         4.2               

 

VR  Never used     15       12.5   

Experience Used before, but not a frequent or current user 76       63.3   

  Frequent or routine user    24       20.0 

  No response      5         4.2          

 

 

There was no published demographic information by the FAA approved AMT 

schools, and no demographic information was found on the age distribution of aircraft 

mechanic student population as a whole. Therefore, no comparison was made for 

participants' age. Participants' ages ranged from 18 years old to 67 years old, averaging 

around 25. Gender distribution was relatively consistent with a study conducted by Wang 

et al. (2016) as well as with the Aviation Technician Education Council (ATEC) Pipeline 

Report (2023) in that majority of students were male. Participant race was also close to 

the ATEC Pipeline Report (2023), with the majority of students (56.7%) being Caucasian 

and 29.2% minority, per the FAA definition of minority groups (FAA, n.d.-b). The 

ATEC Pipeline Report (2023) presented data on the current workforce of aircraft 

mechanics. It was assumed that the demographics for student aircraft mechanics would 
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be similar. There was no data to compare to education status/enrollment distribution per 

the number of years in the program and VR experience level of the student aircraft 

mechanic population. Based on the data comparison for gender and race, the sample was 

deemed representative of the aircraft mechanic population. 

Descriptive Statistics 

Descriptive statistics of data was conducted in SPSS on the nine observed 

variables that were theorized to represent the constructs of Behavioral Intention (BI), 

Perceived Usefulness (PU), and Perceived Ease of Use (PEU). Table 5 lists the observed 

variables and associated survey questions. Participant responses were measured on a five-

point Likert scale ranging from strongly disagree (1) to strongly agree (5). Table 6 shows 

the results from descriptive statistics, which includes the Mean, Standard Deviation, 

Skewness and Kurtosis. 

Table 5 

 Final Survey Constructs, Observed Variables, & Survey Questions 

Construct     Observed Variable/      Survey Question     

(data type) Question Item                  

 

BI  BI1   If made available, I will use VR for aircraft maintenance  

     training. 

(metric)  BI2   I intend to use VR for aircraft maintenance training if offered  

     as an option in the future. 

  BI3   If made available, I would use VR for aircraft maintenance  

     training regularly.    

 

PU  PU1   Aircraft maintenance training using VR would enhance my  

     learning. 

(metric)  PU2   Aircraft maintenance training using VR will be useful for real  

     world aircraft maintenance. 

  PU3          Using VR will make aircraft maintenance training more  

     efficient. 

 

PEU  PEU1   Learning to use VR for aircraft maintenance training will be  

     easy for me. 

(metric)  PEU2   It will be easy to gain skills for aircraft maintenance using VR.  

  PEU3          I find VR easy to use for aircraft maintenance training.  
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Table 6 

 Descriptive Statistics Results 

Variables    N Mean Std.     Skewness Std. Error Kurtosis  Std. Error  

   Deviation  of Skewness      of Kurtosis 

   

BI1    120 4.17 1.103      -1.332 .221  1.079  .438  

BI2    120 4.07 1.262      -1.352 .221    .792  .438   

BI3    120 3.76 1.283       -.822  .221   -.270  .438 

 

PU1    120 4.09 1.115      -1.293 .221   1.051   .438     

PU2    120 3.83 1.266       -.970  .221   -.031  .438 

PU3    120 3.86 1.183       -.928  .221    .111  .438 

 

PEU1    120 4.11 1.067      -1.189 .221    .985  .438   

PEU2    120 3.48 1.174       -.419  .221   -.503  .438 

PEU3    120 3.60 1.111       -.238  .221   -.725  .438 

 

 

 Normality. Descriptive statistics confirmed no missing values but also indicated 

that the data is not normally distributed. All nine variables proved to be negatively 

skewed with the majority of the responses being above the average values shown in Table 

6. For BI1 and BI2, the majority of the participants expressed agreement/strong 

agreement that they would use VR for aircraft maintenance training if made available or 

if offered as an option in the future. Similarly, the majority of participants responded 

agree or strongly agree on PU1 and PEU1, that aircraft maintenance training using VR 

would enhance their learning, and learning to use VR for aircraft maintenance training 

will be easy for them. For variables BI3, PU2, PU3, PEU2, and PEU3, the Mean values 

were below 4 (agree), which means there were a higher number of neutral ratings by 

participants. Specifically, variables BI3, PU2, and PU3 showed average scores above 3.5, 

which is still higher than a neutral rating. This indicates general but not strong agreement 

by participants that 1) If made available, they would use VR for aircraft maintenance 

training regularly (BI1); 2) VR training will be useful for real world aircraft maintenance 
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(PU2); and 3) Using VR will make aircraft maintenance training more efficient (PU3). 

PEU2 and PEU3 had the lowest averages and standard deviation (SD), M = 3.48 (SD = -

0.419) and M = 3.60 (SD = -0.238), respectively. This means that all responses clustered 

around the average score. It also indicates that although many participants responded that 

it will be easy to gain skills for aircraft maintenance using VR (PEU2), and they find VR 

easy to use (PEU3), they are less certain about the overall ease of use of VR or are 

anticipating some challenges. 

 Skewness and kurtosis were also examined with Kolmogorov-Smirnov and 

Shapiro-Wilk test results. All variables showed significance values of <.0.05 for both 

tests, which indicated a normality issue. However, considering these tests are sensitive to 

sample size, where a larger sample size may show significant values (Truong, 2022), 

histograms were examined next to make conclusions on normality. Variables PEU2 and 

PEU3 were the closest to being normally distributed. All other variables had normality 

issues, which suggested that the most appropriate EFA extraction method would be the 

Principal Axis Factoring (PAF) (Hui, 2021).  

 Outliers. Outlier data was examined as indicated on the box plots and also 

assessed through the Mahalanobis Distance technique. While the box plots showed 

potential outliers, none of the cases were identified as extreme outliers. To further 

examine the data, the SPSS linear regression function was used to obtain Mahalanobis 

values. Then the Mahalanobis D-square values were calculated in SPSS using the 

Cumulative Distribution Function for Chi Square (CDF.ChiSq) in the numerical 

expression. With all Mahalanobis D-square values being above .001, it was confirmed 

that there were no problematic outliers in the data (Truong, 2016).  
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 Data Treatment. The data showed no missing values or outliers that would 

require an imputation. The descriptive analysis confirmed skewness and kurtosis (non-

normal distribution). As such, several transformation techniques were attempted using 

one of the most skewed variables, BI1, to see if the data distribution could be improved 

for the purposes of using EFA techniques that require a normal distribution. The 

techniques attempted were Squared, Logarithm, Inverse, and Square Root. While the 

skewness and kurtosis values showed some improvement, a normal distribution was not 

achieved. This was clearly evident by observing the histograms. Hence, the 

transformation attempts substantiated the use of the Principal Axis Factoring (PAF) 

method for EFA extraction. It is important to note that with skewness and kurtosis tests 

being sensitive to the sample size, in many cases a normal distribution may not be 

achievable even after data transformation attempts, which should not stop researchers 

from continuing with multivariate analyses (Truong, 2022). In some cases, evidence of 

skewness is an indication of natural bias of opinions in a given population rather than an 

indication of a bias introduced through the research design. This means that the attitudes 

towards VR technology expressed by student aircraft mechanics may naturally be 

strongly skewed but still representative of the population (Pennsylvania State University, 

2024). 

EFA Assumptions 

Prior to conducting EFA analysis, several tests were needed to ensure that EFA 

specific assumptions were met. Other than having metric data type, which the survey 

results satisfied, EFA requires a large sample size, homogeneity of the sample, and inter-

correlation among variables. The adequacy of the sample size was determined based on 
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the Measures of Sampling Adequacy (MSA) values from Anti-image analysis. All MSA 

values were above 0.5, which indicated an adequate sample size for individual variables 

(Truong, 2016). Inter-correlation was assessed using Kaiser-Meyer-Olkin (KMO) and 

Bartlett's tests. A KMO value of more than 0.5 and a significant Bartlett test result were 

considered acceptable. The test showed a KMO value of 0.932, and the Bartlett test of 

sphericity showed to be significant at less than .001 (below the threshold of .05). Finally, 

homogeneity was determined through the Levene test across the categorical variable of 

student's education level. Homogeneity is an indication of variance equality, when the 

variances in multiple groups are not significantly different. Hence, the test looked for low 

variances among the groups. Non-significant Levene test results with significance values 

of more than .05 were considered acceptable (Truong, 2016). In this case, all significance 

values were more than .05, which met the homogeneity assumption. 

EFA Analysis Results 

 EFA was conducted using SPSS. EFA requires selecting extraction and rotation 

methods. The PAF extraction, which is a least-squares estimation technique without 

using any assumptions about the distribution, was the method of choice due to the data 

not being normally distributed (Hui, 2021). The first attempt of EFA analysis was based 

on a minimum Eigenvalue of 1 for factor extraction. Oblique rotation was deemed to be 

more appropriate as opposed to the orthogonal rotation method, to allow correlation 

between factors as suggested by the Technology Acceptance Model (TAM) for the 

theorized factors/constructs of Perceived Usefulness (PU), Perceived Ease of Use (PEU), 

and Behavioral Intention (BI). The oblique rotation method is also known to produce 

more accurate results (Hui, 2021) in testing the relationship between the extracted factors, 
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though it is harder to interpret (Truong, 2016).  In the initial EFA analysis with oblique 

rotation, coefficients with a value less than .5 were suppressed. 

 Based on the Eigenvalues, the SPSS output for Total Variance Explained showed 

that all observed variables belonged to a single factor. The single factor extracted 

accounted for 69.33% of the variance (see Figure 9). Hence, no rotation was possible.  

 

Figure 9  

Initial EFA Analysis Showing the Variance by a Single Factor 

 

 The scree plot was reviewed to see if potentially multiple factors could be 

extracted based on the Cartel's method (Hui, 2021). Looking at the bend points of the line 

to find the point at which the line changes slope, otherwise known as the elbow of the 

line, is how the scree plot was interpreted. In some cases, the interpretation can be 

subjective. For example, looking at the scree plot from the initial EFA analysis (see 

Figure 10), one could argue that the elbow of the line is at component number 3, which 

would mean at least two factors are extractable. It is important to note that only one 

factor on the scree plot had an Eigenvalue above 1. The Eigenvalue is representative of 

the total amount of variance in the data that can be explained by a given factor.   
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Figure 10 

Initial EFA Analysis: Scree Plot Output 

 

Given the exploratory nature of the study and the subjectiveness in interpreting 

the scree plot, the EFA analysis was repeated with a fixed number of three factors as a 

theory-driven approach and as suggested by TAM. The second EFA analysis was 

conducted by suppressing the low coefficient values below .3. The scree plot looked the 

same. The analysis produced three factors as commanded. Factor 1 included the 

following variables:  BI1, BI2, BI3, PU1, PU2, PU3, and PEU2. Factor 2 included only 

two items: PEU1 and PEU3. Based on the set criteria for the analysis, Factor 3 did not 

show any items associated with it that would make it plausible. Typically, factors with at 

least three items are considered more explainable. This is especially important if the 

intent is to continue with CFA analysis as to avoid any identification issues (Hui, 2021). 

However, with CFA no longer being within the scope of this final study, Factor 2 with 

only two items was retained in the EFA analysis. Figure 11 shows the variances from the 
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three-factor EFA analysis. Factor 1 accounted for 66.74% of the total variance, Factor 2 

for 6.3%, and Factor 3 for 2.28%.  

 

Figure 11 

Final EFA Analysis Showing Variance Explained by Three Factor Extraction 

 

 The criteria applied by some researchers suggests that all factors considered 

should account for 70% to 80% of the total variance (University of California at Los 

Angeles [UCLA], n.d.). In this case, Factor 1 and Factor 2 together explained 73.02% of 

the variance, which also showed support for the decision to retain Factor 2 even though it 

included only two items (PEU1 and PEU3). Factor 3 was not considered as plausible due 

to its low contribution to total variance (2.28%), and the lack of any items being 

associated with it. 

Pattern and structure matrices were used to interpret the results (see Figures 12 

and 13). The pattern matrix indicates the factor loadings (partial standardized regression 

coefficients) for each item, while the structure matrix shows the correlation between the 

items and the factors (Hui, 2021).  
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Figure 12  

Final EFA Analysis: Pattern Matrix Showing the Factor Loadings for Each Item 

 
 

As shown in Figure 12, higher factor loadings indicated a stronger influence by 

Factor 1 and Factor 2 on each associated item/variable. Items that appear under multiple 

factors present a possible cross-loading issue. This happens when a given item is not 

necessarily associated with a single factor, but rather multiple factors contribute to the 

variance of that item (UCLA, n.d.)  In this case, the pattern matrix did not indicate any 

cross-loading items that would require deletion. For all items, the factor loadings were 

above .5, the acceptable threshold (Truong, 2016). It is important to note that contrary to 

what was anticipated, PEU2 showed an association with Factor 1, which included the BI 

and PU items, instead of Factor 2, which included PEU1 and PEU3. This means that the 

participant responses to PEU2, "It will be easy to gain skills for aircraft maintenance 

using VR", did not support the idea of PEU2 being associated with the construct of 
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perceived ease of use, as theorized. PEU1 and PEU3 were shown to be the only two 

measures of the PEU construct. However, the relationship between Factor 1 and PEU2 

was also not as strong as the relationships between Factor 1 and other items (BI and PU). 

This is a possible indication of the PEU2 survey question being ambiguous. Additionally, 

the results showing all BI and PU items under the same factor (measuring the same 

construct) could be an indication of perceived usefulness of VR being highly correlated 

with behavioral intention to use VR as suggested by TAM. The results showed no 

particular distinction between the two (BI and PU) from a statistical perspective, which 

also means participants responded to the associated survey items in a similar pattern.  

 The structure matrix supported the same results, in terms of which items are 

associated with which factor based on simple correlation values, as shown in Figure 13. 

 

Figure 13  

Final EFA Analysis: Structure Matrix Showing Item Correlations with Each Factor 
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The structure matrix showed that PEU1 and PEU3 are strongly correlated with 

Factor 2 with values of .8 and .86, respectively. The remaining factors were highly 

correlated with Factor 1. The weakest correlation with Factor 2 was PEU2 as anticipated 

after observing the pattern matrix. Still, the correlation of PEU2 with Factor 1 was .69, 

above moderate levels. Variables BI1, BI2, BI3, PU1, PU2, PU3 showed a strong 

correlation with Factor 1 with values above .7.  

 Theoretically, both the pattern and the structure matrix confirm that based on the 

participant responses, PEU1 and PEU3 measured the same construct (Factor 2), whereas 

all other items measured a different construct (Factor 1). From a practical perspective, the 

results show that participants responded in a consistent way to all survey items associated 

with BI, PU, and specifically PEU2. The findings contradict what was theorized or 

expected -- three separate constructs/factors that would represent the participants' 

behavioral intention of using VR technology for aircraft maintenance training, perceived 

usefulness, and perceived ease of use of VR. This means that while Factor 2 can remain 

named as "perceived ease of use", Factor 1 would require additional considerations by 

revisiting the actual survey items and possibly any corresponding comments, to produce a 

representative name. This also means that the results did not fully support the model 

structure suggested by TAM. The implications of these findings are further discussed in 

Chapter V. 

 The factor correlation matrix was used to examine the correlation between Factor 

1 and Factor 2 (see Figure 14). The correlation coefficient value was .69, which 

substantiated the use of the Oblique rotation technique for EFA. 
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Figure 14 

Final EFA Analysis: Factor-to-Factor Correlation Matrix 

 

Reliability and Validity  

 Construct Reliability. Construct reliability was assessed prior to conducting EFA 

analysis and after the EFA results were obtained. Cronbach's Alpha was used as one of 

the most popular methods (Truong, 2016). The test examines the degree of consistency 

between multiple measurements of the same factor/construct. Prior to EFA analysis, the 

test was conducted with the combination of measurements for the theorized constructs. 

Then, the test was repeated after the EFA to assess the new set of relationships as 

suggested by the analysis. The Cronbach's Alpha test results from SPSS were used to 

determine if any items should be removed from the analysis a. poor measure of a given 

construct. Items with Cronbach's Alpha values of .7 and greater were considered as high 

in reliability and measuring the same construct. Inter-item correlation threshold was set at 

.3 or higher as an acceptance criterion. Similarly, the correlated item total correlation was 

expected to be above .3 (Truong, 2016).  

 For Behavior Intention, measured by items BI1, BI2, and BI3, Cronbach’s Alpha 

was .923. The inter-item correlation and corrected item-total correlation values were 

acceptable. Perceived Usefulness, measured by items PU1, PU2, and PU3 also showed 
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good construct reliability with Cronbach's Alpha value of .913 and acceptable 

correlations. Similarly, the test for Perceived Ease of Use measured by items PEU1, 

PEU2, and PEU3  produced satisfactory results with Cronbach's Alpha value of .740 and 

correlation coefficient values above .3. 

 Cronbach's Alpha and correlations were also examined for the two 

factors/constructs suggested by the EFA results. For Factor 1, the measurements items 

tested included, BI1, BI2, BI3, PU1, PU2, PU3, and PEU2.  For Factor 2, there were only 

two measurement items, PEU1 and PEU3. Both Factor 1 and Factor 2 showed high 

construct reliability with Cronbach's Alpha values of .950 and .769, respectively. The 

correlation coefficients were also acceptable. Results are presented in Table 7 and 

Figures 15 and 16. 

 

 Table 7 

 Construct Reliability Test Results: Cronbach's Alpha for Measurements of Factors  

1 and 2 

Factor/Construct      Measurement Items      Cronbach's Alpha ((≥ 0.7)      

   

 

Factor 1    BI1   .950 

    BI2                   

    BI3           

    PU1 

    PU2 

    PU3 

    PEU2 

 

Factor 2    PEU1   .769 

    PEU3                   
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Figure 15 

Construct Reliability Test Results: Inter-Item Correlations for Factors 1 and 2 

 

 

 

Figure 16 

Construct Reliability Test Results: Corrected Item-Total Correlations for Factors 1 and 2 

 

 

 
 

Validity. The discriminant validity of the study was addressed by examining the 

pattern and structure matrices produced by the EFA analysis. Discriminant validity 

relates to the accuracy of the measurement instruments, in other words, the extent to 

which factors/constructs are the different from each other (Hui, 2021). In Figure 12, the 
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pattern matrix shows that measurement items load on a single factor/construct. The lack 

of cross-loadings of measurement items between Factor 1 and Factor 2 is an indication of 

acceptable validity. Discriminant validity was also confirmed through the factor 

correlation matrix (see Figure 14), with the correlation of Factor 1 and Factor 2 being 

.687, just below .7 as the threshold. 

Summary 

Chapter IV presented the pilot study and final study results, including the sample 

demographics, descriptive statistics, and EFA results. Confirmatory Factor Analysis 

(CFA), applied to the pilot study data failed to show a good model fit. For this reason, 

and as a result of the final study sample size being less than anticipated, the analysis 

applied to the final study was exploratory (EFA). The chapter presented evidence for the 

sample being representative of the target population based on the demographic data 

comparisons. Descriptive statistical results were presented to show that there were no 

issues with problematic outliers, though the data was not normally distributed. The results 

from assessing compliance with EFA assumptions were also presented, with respect to 

sample size adequacy, homogeneity, and inter-correlation among variables. Finally, 

Chapter IV presented the initial and final EFA analysis with the PAF extraction method 

and oblique rotation, also addressing the reliability and validity of the study. Chapter V 

will discuss the study results to provide conclusions and recommendations.   
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Chapter V: Discussion, Conclusions, and Recommendations 

 This study explored student aircraft mechanic survey data for theorized constructs 

of Perceived Usefulness (PU), Perceived Ease of Use (PEU) and Behavioral Intention 

(BI). These constructs were measured through observed variables (three survey items per 

construct) and expected to be correlated with each other based on the literature review 

and as suggested by TAM. The initial intent of the study was confirmatory. However, 

since the final study sample size was not adequate for SEM analysis and considering a 

good model fit was not achieved through CFA analysis of the pilot study data, the scope 

of the study was changed to exploratory. The data was analyzed through the EFA 

method. Hence, hypothesis testing was not possible. Instead, the objective of the final 

study was to detect underlying factors from the measurement items by using an 

interdependence multivariate statistical method, which does not discriminate between 

independent and dependent variables (Truong, 2016). The purpose of EFA was to extract 

the factors/constructs through data reduction. In other words, EFA helps discover the 

factor structure based on the interrelationships and commonality of the variables (Truong, 

2016). Therefore, the research question that the final study attempted to address is, What 

are the underlying factors of the student aircraft mechanic survey? Chapter V provides a 

discussion of the final study results, the conclusions drawn based on those results along 

with considerations for  theoretical/practical implications. The chapter also discusses 

encountered limitations and highlights recommendations for future research. 
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Discussion 

Characteristics of Participants 

 The study analysis considered 120 cases of participant responses for exploration, 

of which 55 cases represented ERAU aircraft mechanic students -- responses from the 

pilot study. The demographic data offered some insight on participant characteristics. 

While the average age of participants was around 25 years old and the median age was 

21, the age range was wider than anticipated with the oldest reported participant being 67 

years of age. Potentially, 31 participants (25.83%) were 31 years of age or older (21 

confirmed based on the responses). This presents considerations for generational 

differences between the student aircraft mechanics which could influence the perception 

of VR technology. The technology did not exist in the same capacity decades ago, and 

adoption of the current VR capabilities may vary from one generation to another.  

 Considering the current aircraft mechanic workforce demographics from the 

ATEC Pipeline Report (2023), the gender distribution was anticipated to be male 

dominant as the results suggested. In other words, it is safe to assume that the population 

of aircraft mechanic students in the U.S. has a  majority of males since the workforce data 

also showed a similar distribution. Actual enrollment data was not available to compare 

and substantiate this assumption.  

 The race distribution was also found to be consistent with the ATEC Pipeline 

Report (2023) with the majority (56.7%) of participants being Caucasian and 29.2% a 

racial minority (Asian, Latino/Hispanic, African American, Native American) (FAA, 

n.d.-b). In further examining the individual responses, specifically the explanations 

provided by participants in open text format, there was some evidence that 
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comprehension of the questions by some participants may have influenced the results. 

There were many grammatically poor comments, and comments that addressed the 

usefulness of VR when responding to a survey item that was intended to measure the 

perceived ease of use of VR for aircraft maintenance training. For example, for PEU2, "It 

will be easy to gain skills for aircraft maintenance using VR" the following comments 

provided implied that participants are potentially referring to the usefulness of VR rather 

than ease of use: 

• I don't think I could gain real life skills in VR; however, I gain more knowledge. 

• My Pearnsol option [sic] on VR is that is could be very helpful on training and 

showing how tasks or projects could be completed. Also, if a person is struggling 

on doing a task they could see a video or picture on how to complete there [sic] 

task. 

 One could confuse the concept of usefulness with ease of use when not 

understanding the context or intent of the question. However, the comments observed 

could be an indication of some participants not understanding or misinterpreting the 

question possibly due to a language barrier, especially if English is not their primary 

language. Alternatively, the observations could indicate that the question was too 

ambiguous and not truly measuring perceived ease of use. If the majority of participants 

treated the PEU2 survey item the same as usefulness of using VR for aircraft 

maintenance training, it could explain why the EFA results showed PEU2 being grouped 

with PU items under the same factor. For the purposes of being able to conduct the study 

online to achieve an adequate sample size and to address any risks associated with 

language as a barrier, it was assumed that all participants were proficient enough in 
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English language to understand the survey questions. This assumption is supported by the 

minimum requirements for entry into an FAA approved aircraft maintenance program 

within the U.S. as the instructions are conducted in the English language. Also, measures 

were taken in the consent form to avoid participation by students who are not residents of 

the U.S.  Therefore, for this study it is more likely that the PEU2 survey item was not 

written clearly to encourage participants to respond to the ease of use of VR. The 

implications of this on actual adoption of VR technology for aircraft maintenance training 

may in fact be minimal because of the nature of this study being exploratory. However, 

there are theoretical implications that need to be considered with respect to confirmatory 

research and hypotheses testing for relationships between the various constructs 

suggested by a given theoretical framework for technology acceptance. For example, 

researchers should utilize all available data (quantitative and qualitative) to update and 

validate the survey instrument during a pilot study phase to make sure the survey items 

are measuring the constructs as intended. To rule out the possibility of language 

barriers/comprehension issues, researchers should also consider additional demographic 

questions to learn more about the participants' backgrounds. Measures can also be taken 

through the consent form to better screen participants for English proficiency. 

Establishing means to follow-up with participants when the responses do not seem to 

address the intent of the question, and/or analyzing the qualitative data to find an 

explanation for any unanticipated results/observations is also recommended. 

 The majority (63.3%) of the participants had some experience with VR but were 

not frequent or current users, whereas 20% were frequent/routine users of VR. Those 

who never used VR before or did not respond to the question accounted for 16.7% of all 
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cases. There is no credible or scholarly data specifically for the student aircraft mechanic 

population with which to compare these results. However, VR technology is easily 

accessible and popular in the entertainment/gaming industry. Therefore, it is assumed that 

the majority of the student population within the U.S. are familiar with VR and have 

previously used it at least one time. Some support for this assumption is provided in a 

study with Georgia Tech college students by Soylu and  Lee (2024), which showed that 

half of the students actually owned a VR headset.  

 The intent of the demographic data was to make comparisons and ensure that the 

sample represented the population of student aircraft mechanics within the U.S. While for 

participants' age, VR experience, and education/enrollment status there was no data with 

which to compare, the results were deemed as partially generalizable to the population of 

student aircraft mechanics based on the gender and race distribution. However, there may 

be generalizability limitations with respect to other demographics such as institution and 

age. The final study participants were not required to state which AMT school they are 

attending.  Participant screening was addressed through the consent form only. The only 

confirmation of sample diversity was based on the volunteered data, with about 23% of 

participants identified as students from FAA approved AMT schools listed in Table 8.  
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Table 8 

 Final Study Sample Diversity Based on Volunteered Data 

AMT School Name  AMT School U.S. State Location Known Number of Participants 

 

Everett Community College  Washington        2 

Enterprise State Community College   Alabama        2 

Purdue University      Indiana        1 

Dutchess Community College   New York        1 

Lake Superior College    Minnesota        1 

Illinois State University       Illinois        3 

Wayne Community College             North Carolina        3 

Tarrant County College        Texas        1 

Cape Cod Community College              Massachusetts        1 

 

 

 To further address generalizability limitations of the final study results from the 

perspective of participant demographics, a general comparison was made between the 

pilot study and final study participants. This comparison was done after the analysis and 

interpretation of the results based on SME recommendations to show improved 

generalizability. The objective was to also justify the inclusion of the pilot study data in 

the final analysis, considering the pilot study data was from ERAU students and made up 

about 46% of the sample analyzed.  In this case, participant age and level of VR 

experience were of primary interest due to the lack of population data to compare with. 

 Both the pilot study sample (N=55) and final study sample (N=65) were deemed 

comparable on the basis of participant age and level of VR experience. The pilot study 

participants averaged around 22 years of age, while the final study participants averaged 

around 28 years of age. The difference could be attributed to one participant in the final 

study being 67 years of age and the nine participants who did not specify their age. 

However, the 67-year-old participant was not found to be a problematic outlier (through 

statistical testing) for the purposes of the final analysis. The median age for the pilot 
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study group and final study group were closer, 21 years and 25 years, respectively.  

Finally, the mode for both groups was the same, 20 years of age.  As for the level of VR 

experience, the majority of student participants (over 75%) in both the pilot study and 

final study indicated familiarity with VR (frequent or routine VR user, or used VR 

before, but not a frequent or current user). Additionally, the pilot study and final study 

participants seemed to be similar on the basis of gender (majority being male) and race 

(majority being Caucasian). This general comparison of the pilot study and final study 

groups substantiated the EFA decision to analyze both data sets together as they seem to 

be equal based on participant demographics, which in turn strengthened the 

generalizability of the EFA results and conclusions to the target population. 

Discussion of the EFA Decisions & Results 

 The EFA analysis of the final study data required a series of decisions that are 

somewhat subjective and debatable amongst researchers. Main decision points included 

but are not limited to the data treatment (i.e., removing/keeping potentially problematic 

outliers or correcting skewness/kurtosis of the data distribution), extraction method, and 

rotation method.  

 Outliers. In this study, outlier data was assessed using the Mahalanobis Distance 

technique and by examining the box plots. The Mahalanobis Distance technique is a 

numerical method for outlier identification as it is based on the standard deviation and 

distance between two data points. While the Mahalanobis Distance technique did not 

show any outliers, the box plots suggested multiple outlier cases that could be considered 

as problematic, though none were identified as extreme outliers. Given the nature of this 

study, it is possible for outlier data to be beneficial (Truong, 2016) in a sense that it is 
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expected to see some distinctly different ratings by student aircraft mechanics based on 

their subjective perceptions. In other words, when it comes to measuring responses 

through hypothetical questions on perceived usefulness of VR, perceived ease of use of 

VR, and behavior intention to use VR for aircraft maintenance training, each participant 

is entitled to their own opinion and contributes to the characteristics of the population. 

Having said that, outlier data that is not representative of the population could distort the 

analysis results (Truong, 2016). Considering the acceptable values obtained through the 

Mahalanobis Distance technique, and due to the lack of any obvious indication for the 

data being invalid, the outlier cases identified by the box plots were not examined any 

further. All cases were retained for the EFA analysis. 

 Normality. The data distribution was assessed for normality using histograms and 

skewness/kurtosis values. All observed variables (BI1, BI2, BI3, PU1, PU2, PU3, PEU1, 

PEU2, and PEU3) had a normality issue, many to great extent. While normality is 

preferred for multivariate statistical analysis, SPSS does offer an EFA extraction 

technique, the Principal Axis Factoring (PAF), suitable for a non-normal distribution 

(Hui, 2021). After trying various popular methods for transforming the data (i.e., log, 

inverse, squared, etc.) for one of the extremely skewed variables (BI1) and not being able 

to achieve normality, the PAF extraction method was deemed as the most appropriate. 

Other EFA extraction methods, such as the Principal Component Analysis (PCA) and 

Maximum Likelihood (ML) require a normal distribution (Hui, 2021). Again, EFA 

decisions based on the normality of the data are somewhat subjective. Normality tests are 

sensitive to the sample size. Some researchers may continue with other types of EFA 
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extraction methods if normality is not achieved but is improved enough to be close to 

expected levels or simply assume normality based on a large sample size (Truong, 2016).  

 The normality assessment in this study does have some implications on the 

aircraft mechanic student population. At a minimum, it raises the question of the attitudes 

of the student population being naturally skewed or not. In this study, the sample was 

deemed as representative of the target population based on the gender and ethnicity 

demographic data only. This does not mean that there are no generalizability limitations 

with respect to other population characteristics, for example due to about 46% of 

participants being from ERAU. However, based on volunteered information, there was 

evidence that the sample did include AMT students from other states across the U.S., 

such as Washington, Alabama, Indiana, New York, Minnesota, Illinois, North Carolina, 

Texas, and Massachusetts. From a practical perspective, the selected EFA technique 

supported the analysis of the skewed data. However, the aviation industry could benefit 

from further exploring and understanding the characteristics of the AMT student 

population as a whole as well as in subpopulations of interest. For example, the size of 

the AMT school establishment may be an influential factor on student attitudes towards 

VR for aircraft maintenance training. Samples from these smaller establishments 

(subpopulations) may similarly produce skewed data, while the data from larger 

establishments may be more normally distributed. Understanding these differences could 

help industry practitioners make better decisions, from making inferences about the 

acceptance of VR for aircraft maintenance training based on the establishment size, to 

finding ways to implement the technology in a way that will serve its intended purpose 

and encourage students from all establishments (big and small) to use VR.  
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 EFA Results. Often, the EFA ends up being an iterative process based on the 

decisions made every step of the way. For this study, EFA was conducted twice prior to 

making conclusions. Both attempts used the PAF extraction method and oblique rotation 

(Direct Oblimin). The rotation method was selected based on the expected correlation 

between the hypothetical factors (Truong, 2016). The results from the first EFA attempt 

identified only one factor; no rotation was possible. These results were based on the 

Eigenvalues of 1.0. While the results showed that a single factor accounts for 69.33% of 

the variance, in reviewing the scree plot, it was of interest to explore the data further 

through a second round of EFA analysis. The second EFA was conducted with fixed 

factors of three, and with the low coefficient values being suppressed below .3. This is 

another area of subjective decision-making in the EFA analysis process, in which each 

researcher could interpret the scree plot differently (Hui, 2021). The second analysis 

results produced two viable factors. 

 Ideally, EFA results would be followed up with CFA and SEM analysis to make 

inferences about a hypothesized model structure based on the extracted factors. Without 

such confirmatory analysis it would be inappropriate to make conclusions on VR 

technology acceptance by aircraft mechanic students. The EFA results alone do not 

explain the extent and direction of the relationships between the extracted factors and 

how those factors influence VR acceptance. However, industry practitioners could use 

the results of this study to better understand and implement the extracted factors within 

the scope of confirmatory research for technology acceptance rather than using existing 

theoretical models, one of which being TAM. For example, this study anticipated three 

distinct factors, BI, PU, and PEU, consistent with TAM. Yet, the exploration of the data 
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revealed that there are only two factors that are plausible, of which one includes all of the 

BI and PU items and PEU2. These results enable researchers and industry practitioners to 

look beyond the theoretical framework of TAM, to generate and test research hypotheses 

that are based on actual data rather than theory. A data-driven approach is based on 

student opinions, which theoretical models lack. Also, unlike TAM and other technology 

independent theoretical models, the results of this study are specific to the use of VR for 

aircraft maintenance training. Hence, the model structure or factors/constructs extracted 

through EFA analysis are technology and context specific. 

Research Question. Contrary to the theorized EFA model of three 

factors/constructs of Perceived Usefulness (PU), Perceived Ease of Use (PEU), and 

Behavioral Intention (BI), the final EFA results produced only two factors. Factor 1 was 

represented by measurement items BI1, BI2, BI3, PU1, PU2, PU3, and PEU2. Factor 2 

was associated with only two measurement items, PEU1 and PEU2. Keeping in mind that 

the purpose of EFA is exploratory and not suitable for hypotheses testing, the results 

sufficiently address the research question of, "What are the underlying factors of the 

student aircraft mechanic survey?" with some limitations. Factually, the study was able to 

extract two underlying factors/constructs from the EFA analysis (through dimensional 

data reduction). However, some researchers suggest that each factor should have at least 

three measurement items in order to be considered (Hui, 2021). This is more relevant for 

the purpose of following up with a confirmatory analysis (CFA) to test model fit. For an 

exploratory study, the factor loading and correlation coefficients for Factor 2 with only 

two measurement items were high enough (>.7) to be considered as belonging in a 

separate group from the rest of the variables (see the pattern matrix and structure matrix 
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in Figures 12 and 13). Hence, the EFA analysis results were deemed sufficient for 

addressing the exploratory research question.  

The only challenge was to assign construct names to Factor 1 and Factor 2. 

Examining the groupings of the measurement items, the results suggested that 

participants responded in the same way to all measurements for Behavioral Intention (BI) 

as they did to Perceived Usefulness (PU). It is possible that these constructs are highly 

correlated and not differentiated from one another by the participants. In other words, if 

VR is perceived to be highly useful, then it is expected for the participants to respond to 

PU items from the perspective of having intent to use VR. Alternatively, the results could 

imply improvements are needed for survey instruments to better differentiate the survey 

items for BI and PU. More is discussed in the next section within the context of validity.  

Nevertheless, the results from this study suggest that participants consistently 

responded in the same way to the use of VR for aircraft maintenance training as they did 

to VR enhancing learning, VR being useful for real world aircraft maintenance, and VR 

being efficient for aircraft maintenance training. From a theoretical perspective, the 

usefulness of VR seemed to be the main reason participants rated BI items favorably. 

This was evident in the comments provided, where many participants explained that their 

willingness to use VR is based on its usefulness in gaining skills/knowledge/experience. 

There was also some mention of perceived enjoyment, the cool factor of VR. Less 

favorable ratings on BI items expressed dependencies on how the technology would be 

implemented, or a preference for hands-on experience.  For example, some participants 

with neutral or lower ratings stated that they would use VR "as a learning experience but 

not as training," they would use VR "as a supplement to experience and technical data," 
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or as a "lecture replacement." The EFA results and observations from the qualitative data 

offer some practical implications for the students' adoption of VR technology for aircraft 

maintenance training. Since PU seems to be so closely associated with BI and represented 

by the same factor, the aviation industry and regulatory authorities need to consider 

implementation aspects of VR. Not only could a poor implementation take away from the 

usefulness of the technology, but it could also discourage students from using VR 

because it is no longer enjoyable. Similarly, how the technology is implemented, as 

supplemental vs. replacement of current teaching practices, could also impact the 

student's adoption of VR. Preserving hands-on experiences with real aircraft/aircraft parts 

also seems to be important to aircraft mechanic students. 

The EFA analysis results in an extraction of factors and identification of the 

survey items that are associated with each factor. To define a model structure that could 

potentially be tested through full SEM analysis to confirm the relationships of the factors, 

and the extent and direction of those relationships, it is necessary to determine the 

concepts those factors represent. This is typically achieved by considering the items in 

the factor groups, what they have in common, and assigning a construct name based on 

the interpretation of the results. In this study, Factor 2 clearly included items that only 

represent the construct of perceived ease of use, with only two items (PEU1 and PEU3). 

However, Factor 1 not only included all BI and PU items but also PEU2. As previously 

discussed, participant responses to PEU2 suggested that the respondents considered more 

of the usefulness of VR rather than its ease of use. Also, it was noted that BI responses 

mostly considered the usefulness of VR. Therefore, Factor 2 would be representative of 

Perceived Usefulness as the underlying construct. This means that the EFA results 
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provide some validation of TAM, where perceived ease of use and perceived usefulness 

are presented as factors that potentially contribute to technology acceptance. The study 

being exploratory in nature does not allow making any inferences on the acceptance of 

VR by students for aircraft maintenance training. However, it does provide a basis for 

future confirmatory research and practical considerations for how to implement the 

technology to make it easy to use and useful to students, such that it can facilitate 

adoption. 

 Reliability and Validity. The reliability analysis was a straightforward process 

using the Cronbach's Alpha method. The results showed that the measurement items for 

each factor extracted  (Factor 1 and Factor 2) were highly correlated with each other. The 

reliability analysis results did not indicate a need to remove any of the measurements 

from EFA analysis. However, the validity of the results, as assessed through the factor 

correlation matrix (see Figure 14) is perhaps an area of debate. Technically, the results 

showed high validity, adequate distinctness of each factor, based on a factor-to-factor 

correlation coefficient of .687 (<.7). However, one could argue that the results are 

borderline adequate as the correlation value is just below .7 or exactly .7 when rounded 

up. Having values too close to the threshold of .7 may be indicative of a multi-

collinearity issue. Updating the survey questions to prevent confusion and including more 

than three measurement items for each theorized construct, to be able to remove 

problematic items but still run the EFA analysis (retaining the preferred minimum of four 

measurement items), are ways to avoid this issue and improve the validity of the study 

(Hui, 2021). Given that this research was part of a degree program, and the scope of the 
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study needed to be narrow, there was no opportunity to do a follow up study 

incorporating lessons learned.  

Conclusions 

The original purpose of this research was to test a proposed Technology 

Acceptance Model structure for acceptance of VR technology for aircraft maintenance 

training, by applying SEM analysis, which is confirmatiory in nature. However, due to 

not being able to demonstrate a good model fit with the small sample size from the pilot 

study, and given the small sample size for the final study, the purpose of the research was 

changed from confirmatory to exploratory. Both the confirmatory and exploratory 

analysis methods included many subjective decisons that could have influenced the 

results. Ultimately, the exploratory analysis was deemed to be the most appropriate 

approach for the final study with the sample size of 120 participants.   

The results of the EFA suggested that the measurements could belong to two 

distinct factors/constructs. This was adequate in answering the research question but did 

not exactly match the theorized constructs of Behavior Intention (BI), Perceived 

Usefulness (PU), and Perceived Ease of Use (PEU). Additionally, the validity for factors 

extracted throught EFA were acceptable as suggested by the correlation coefficents being 

below .7 to demonstrate distinctness. Still, the factors could be considered as poorly 

defined with Factor 1 being assoociated with the majority of the measurement items and 

contributing to 66.741% of the variance, and Factor 2 including only two measurement 

items and accounting for a much smaller percentage of the variance (6.297%). These 

results suggest that the study could have been designed better to result in a more defined 

factor structure by including more measurement items for factor extraction, including 
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additional constructs to be explored, and putting more effort into the design of the survey 

insturment with help from multiple subject matter experts (SMEs). With the actual data 

collected, the chances of being able to obtain a different model structure and stronger 

validty test results than the current results would be improbable, even if other EFA 

extraction and rotation methods were used. Typcially, researchers prefer to use the PCA 

extraction method for EFA with orthogonal rotation for practical reasons, but it is often 

the case that the results end up being similar to other EFA extraction methods with 

oblique rotation (Truong, 2016). In conclusion, the results of the final EFA analysis did 

produce two factors, which based on the interpreation (as covered in the previous 

sections) were named as Perceived Usefulness (Factor 1) and Perceived Ease of Use 

(Factor 2). However, there were many lessons learned that helped identify potential areas 

of improvements for future research and theoretical/practical implications.  

Theoretical Contributions 

This study contributes to the existing research in many ways. First, the topic of 

this research is specific to aviation, and the current literature on the use of VR for aircraft 

maintenance training, exploring these exact constructs (PU and PEU), is nonexistent. 

This study contributes to the body of knowledge within the aviation industry in the area 

of training that could benefit from future improvements by utilizing more modern 

methods and tools, such as VR. The study identifies factors that could be considered in 

future confirmatory research and provides some insight on aircraft mechanic students' 

opinions. For example, the comments participants provided for rating the BI items 

reflected their perceived enjoyment of using VR and dependencies for VR being 

perceived as useful for aircraft maintenance training as associated with their intent to use 
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VR. From a theoretical perspective, this study suggests that VR acceptance by student 

aircraft mechanics could be influenced by external factors as well as technology-

specific/task specific factors. The EFA results offered a model structure composed of PU 

and PEU constructs as potential contributing factors to actual use of VR technology for 

aircraft maintenance training. 

Second, while the scope of this study was exploratory, the measurement 

items/variables were theorized based on the review of existing literature. No theoretical 

framework was required for exploring the data and the theorized constructs through EFA. 

However, given that the study retained the original constructs from the TAM model, the 

results could provide additional insight to other researchers that are planning to use TAM 

as the bases of their hypothesized model structure, specifically for constructs BI, PU, and 

PEU. Since the EFA results did not extract a third factor that would truly represent the 

construct of BI, the suggested model structure for future research is shown in Figure 17, 

taking into consideration a possibly plausible external variable of perceived enjoyment. 

 

Figure 17 

Proposed Model Structure Based on EFA Results and Observations of Participant 

Comments 

 

 



106 

 

Finally, the study contributes to the literature with its statistical method. There are 

so many different multivariate statistics methods, and EFA being one of those methods 

has some unique assumptions. This study contributes by serving as an example for testing 

EFA assumptions and conducting the analysis. The study specifically outlines the 

decision points and offers a way of handling data that is not normally distributed. The 

study demonstrates how those decision points were approached to select the most 

appropriate EFA extraction and rotation method. Having access to such examples in the 

literature is especially useful in academia. 

Practical Contributions 

The focus on the use of VR for aircraft maintenance training has some practical 

implications within the aviation industry for AMT schools, researchers, practitioners, and 

regulatory agencies. With student aircraft mechanic participants recruited nationwide and 

given the participant diversity/distribution of the participant characteristics (i.e., gender, 

race, education status), the study results are considered to be generalizable to the greater 

population of student aircraft mechanics. The results also showed themselves to be 

reliable and valid. Thus, the study provides insight on student aircraft mechanics' 

perceptions of VR technology for aircraft maintenance training. As VR gains popularity 

with AMT schools and is adapted for aircraft maintenance training, it will be important 

for institutions to consider predicted use of the technology within the context of 

perceived usefulness and perceived ease of use. This is because the EFA results 

suggested that perceived usefulness is potentially very closely associated with behavioral 

intention to use VR for aircraft maintenance training. Having awareness of students' 

opinions about VR could help educators and AMT schools implement the technology in a 
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more effective way, by ensuring ease of use, usefulness, and carefully selecting the type 

of training that is most suitable for VR. For example, when rating BI items, students 

reported in their comments that usefulness is an influencing factor for using VR for 

aircraft maintenance training. Making sure that hands-on practice/experience is balanced 

with VR training was also an important factor in the adoption of VR. While the 

qualitative data was not statistically analyzed in this study, it does help the industry to 

understand how aircraft mechanic students think. Furthermore, the industry may want to 

take advantage of the reported perceived enjoyment of using VR for aircraft maintenance 

training by implementing VR technology in a timely manner, and perhaps phasing the 

implementation to not overwhelm the students. For example, AMT schools may want to 

introduce basic (i.e., single user) VR functionalities first for limited training tasks or 

lessons until students get acquainted with operating and wearing VR devices, and then 

introduce more advanced capabilities, such as immersive VR with multiusers for two-

person tasks and even physical mockups to simulate interferences with the physical 

environment for maintenance tasks that are conducted in tight or hard to reach spaces or 

spaces that require a challenging body posture. The phased approach may help maintain 

the perception of VR technology for aircraft maintenance as easy to use, which the EFA 

results showed to be a plausible factor. Finally, the study offers many lessons for other 

researchers interested in the same topic, research design, and analysis methods. Having 

these study results documented and available to the general public may especially benefit 

many novice researchers in practice, by giving them an opportunity to criticize and 

develop ways to improve their own research with similar objectives. 
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Limitations of the Findings 

 In addition to the limitations presented in Chapter I, there were multiple specific 

limitations identified. Some limitations were associated with the sampling method and 

how the survey was administered. There was no effective way of contacting the FAA 

approved schools or students directly to recruit participants. The initial intent was to use 

judgement sampling (a nonprobabilistic method), but due to the challenge of schools that 

were not willing to participate in the study or share student contact information, the 

priority became to reach out to as many schools as possible rather than balance out 

between large vs. small schools, private vs. public schools, in the various geographical 

areas to ensure diversity. Acknowledging the challenges associated with recruiting 

participants, the final survey was solicited through social media as well. While there was 

an indication that AMT schools across the U.S. are represented to some extent,, the 

diversity of the sample, and in turn the generalizability of the study results to the target 

population could be limited. The study could not ensure that AMT programs of all sizes 

are representated, or even coverage geographically to ensure that the entire U.S. 

population of student mechanics are represented. Also, the use of social media means 

opening the survey up to the general public. While measures were taken in the consent 

form to avoid non-qualified participants, the survey highly relied on the participant's 

honesty. Another challenge with social media was not being able to reach out to all 

specific aircraft maintenance groups to target qualified participants. Often, an attempt to 

post to these specific groups resulted in accounts being blocked or deletion of the post. 

Some groups had strict criteria for joining, which made it impossible. This limited how 

much of a sample size could be achieved within a given time of the survery being open. 
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Finally, the survery may have been completed by participants that were more motivated 

by the incentive rather than out of interest to contribute to the study.  This can limit the 

diversity of participant characteristics based on their motivational factors, which was not 

assessed.   

 While the small sample size presented some limitations with respect to the 

statisitical analysis, the results could also have been influenced by the researcher's 

subjectivity of the statistical techniques for decisions made every step of the way. For 

example, the pilot study results suggested that the sample size was too small to achieve a 

good model fit through CFA. However, the process to obtain a good model fit and how 

many times to manipulate the model and retest is based on the subjective judgement of 

each researcher. There is no clear way of telling when the model is considered too 

convoluted and where to draw the conclusions. Another area of such subjectivity was 

with respect to selecting a specific EFA method. With normality not being achieved, 

possibly due to the limited sample size, this study was limited to the PAF extraction 

method. It is possible that results could have been different if normality was achievable.  

The subjectivity is in how hard each researcher tries to get close to normality, and in the 

end, which EFA method is selected when there is no perfect normality.  For this study, 

the alternative was to normalize the data as much as possible for EFA analysis with a 

different extraction method, to compare the results and see if they were any different. 

Another missed opportunity was to design the study better with more than just three 

measurement items for each theorized construct, and possibly include more constructs to 

explore. However, these decisions are so subjective and can differ from one researcher to 

another, that it is fair to acknowledge that the study results may have been limited by the 
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researcher's decisions throughout the study planning and analysis process. In this case, 

the research decisions and reanalysis efforts were also impacted by the researcher's 

individual time constraints, making sure to keep the scope and retest efforts feasible for 

timely completion of the study. 

Recommendations for Future Research 

This section provides recommendations based on the study results and 

conclusions. The recommendations consider the target population, future research 

methodologies, and future areas of research. The lessons learned from this study can be 

very informative to other researchers who plan to conduct studies on the same topic -- 

acceptance of VR for aircraft maintenance training. The aviation industry would benefit 

from continued research in this area considering the gaps in the current literature. The 

topic of VR use for aircraft maintenance training is relevant not only to AMT schools but 

also to governing bodies, such as the FAA. The literature synthesis in this study showed 

that the current aircraft maintenance training requirements are outdated (White et al., 

2000), and the industry is in need of more modern instructional methods and tools 

(Goldsby & Soulis, 2002). The most appropriate path of moving towards the adoption of 

VR for aircraft maintenance training in order to provide students with enhanced learning 

opportunities is to first have a good grasp on what the end users (student aircraft 

mechanics) think about VR, and how well the technology might be accepted if 

implemented. Thus, additional research on the same topic as this study could help 

industry practitioners to make more informed decisions. 
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Recommendations for the Target Population 

This study focused on end user perceptions of VR, the end users being student 

aircraft mechanics. Therefore, it was important to achieve a representative sample. The 

publicly available data on the target population was found to be very limited, and in many 

cases schools refused to share enrollment information for adequate comparison of the 

sample demographics. In this case, the target population was students who are residents 

of the U.S., at least 18 years of age, who are currently enrolled in an FAA approved AMT 

program/school within the U.S. Based on the demographic results of this study, it is 

recommended for future research to consider additional demographic parameters that are 

clearly defined. This may allow for better representation and generalizability to the target 

population.  

The sampling and survey solicitation methods could also be improved. This study 

followed a non-probabilistic strategy for sampling, which is deemed acceptable 

considering the large sample size requirements for SEM or EFA analysis. However, there 

was no way to tell if sample diversity based on the size and geographic location of the 

school is actually achieved with the convenience/judgement sampling approach. Some 

upfront research is recommended in the planning phase of future research, to identify 

public and private AMT schools of all sizes and from various geographic areas of the 

U.S. in order to ensure diversity. Furthermore, if time and budget are not an issue, it is 

also recommended to first create partnerships with strategically selected/sampled schools 

and administer the survey in-person, with support from the schools' faculty. This is one of 

the biggest lessons learned in the execution of this study as participation for the pilot 

study was easier to achieve with an in-person introduction of the survey to the students 
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and support from ERAU faculty. For the final study, in an effort to achieve a large 

sample size, multiple forms of communication were used to reach out to schools and 

student aircraft mechanics, including social media and calling/emailing the schools and 

individual instructors. Yet, the outcome was not particularly great; the required sample 

size for confirmatory analysis was still not met. Hence, the perception from this 

experience is that this type of survey research, with such a specific target population, 

requires networking with academia (AMT schools and instructors) ahead of time.  

Recommendations for Future Research Methodology 

The methodology of this research was quantitative and confirmatory in nature as 

the initial scope was to test hypotheses based on the Technology Acceptance Model 

(TAM) as the theoretical framework for the constructs of Perceived Usefulness (PU), 

Perceived Ease of Use (PEU), and Behavioral Intention (BI). The data on students' 

perception of VR was collected through a survey instrument. However, the plan for 

conducting confirmatory analysis to test the relationships between the constructs (latent 

variables) was compromised due to the challenge of achieving the required sample size.  

Hence, the study scope and the data analysis were changed to exploratory. Based on 

lessons learned from this study, researchers are advised to consider other research 

methodologies for fulfilling the main objective of the study -- students' acceptance of VR 

technology for aircraft maintenance training.  

One recommended approach is to run path analysis through SEM for the model 

structure suggested by the results of this study. This would allow researchers to test 

hypothesized relationships between the constructs of Perceived Enjoyment (PE), 

Perceived Usefulness (PU), and Perceived Ease of Use (PEU) as contributing factors to 
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actual use of VR. To address the issue of inadequate sample size for SEM analysis, 

researchers could use Bootstrapping technique to resample the data. Bootstrapping would 

confirm that the SEM analysis results are valid. Bootstrapping creates multiple simulated 

datasets by randomly selecting data points from the original dataset. It is a popular 

technique for estimating the population distribution of means, standard deviation, etc. and 

is especially useful when the original dataset is skewed (Frost, 2024). It is important to 

note that Bootstrapping is not a guaranteed solution to skewed data and small sample 

size. The technique is subject to certain assumptions and limitations. Bootstrapping 

assumes that the original dataset/sample accurately represents the population. The 

technique could also render some unusable samples and less accurate results for SEM 

analysis and interpretation when the original sample size is under 200. Bootstrapping is 

also known to proliferate outliers (Kline, 2011). In this study, the sample was deemed as 

representative of the student aircraft mechanic population based on gender and ethnicity 

distributions only because no other data was available to make additional comparisons. 

However, if population data becomes available in the future and the current sample is 

confirmed to accurately represent the population, then conducting SEM with 

Bootstrapping would be a viable option. Finally, future confirmatory research on the 

exact proposed model from this study would require metric data on Perceived Enjoyment 

(PE) as the construct was only substantiated through participant comments rather than the 

survey items. 

Another recommended option is qualitative research, in which students could be 

interviewed to provide more in-dept opinions on VR around the same constructs. The 

advantage of an interview method is that a smaller sample size is required for the 
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qualitative data analysis. While interviews are more time consuming compared to a 

Likert scale survey method, they do present an opportunity to gather additional context 

and explanation for students' opinions on PEU, PU, and BI.  

If the intent is to keep the survey method based on the TAM constructs, a 

procedural recommendation would be to conduct a hands-on VR familiarization session  

with the students. Of course, this would not be feasible to do with hundreds of 

participants but based on some of the participant comments in this study, it may be 

beneficial. This study showed a video prior to the survey to familiarize students with VR; 

however, there are indications that some participants who have never used VR before 

struggled with providing an opinion on PU, PEU, and BI, and selected a neutral rating to 

multiple questions. This was evident when screening their comments to the questions. 

These participants expressed, "I have no opinion," "Never used VR for maintenance 

training, so I don't know," "I have never used any VR before, so I have no comment," and 

so on. Nevertheless, these participants still provided ratings, perhaps just to qualify for 

the incentive. With this study's methodology, it would be impossible to accurately guess 

their intent. A hands-on familiarization session with a small aircraft maintenance task 

might avoid these situations by helping participants in forming and providing opinions. 

Otherwise, as with the current method, participants are asked to answer the questions 

hypothetically. Of course, the hands-on familiarization training would force the study 

into a smaller sample size from a feasibility perspective, which would require a different 

analysis approach since SEM and EFA are sensitive to the sample size. Regardless, this is 

one way of approaching the same problem statement as in this study but with a different 

methodology, which could produce more valid responses.  
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Recommendations for Future Areas of Research 

Considering the exploratory nature of this study, there is an opportunity for other 

researchers to expand on the findings. The scope of this study was limited to only three 

theorized constructs, BI, PU, and PEU. This study did not examine other constructs that 

potentially contribute to acceptance of VR for aircraft maintenance training, or VR use in 

general. While the EFA method for data analysis does not require a foundational theory 

to produce a factor structure prior to exploratory analysis, the current literature on 

learning theories and previous research on VR/AR technology acceptance can help 

researchers extend the scope to many other constructs to include in the survey 

questionnaire. For example, researchers could include the external variables that this 

study failed to address. Based on the literature review conducted for this study, there is 

support for exploring the constructs of Perceived Behavioral Control (PBC), Perceived 

Enjoyment (PE), Perceived Health Risk (PHR), Performance Expectancy (PEXP), and 

Self-Efficacy (SE). These constructs were originally identified to be part of this study 

when the intent was confirmatory analysis. However, the pilot study results failed to 

achieve a good model fit through CFA to continue forward with including them in the 

final study. This does not mean that these constructs are invalid and would not contribute 

to the acceptance of VR technology. Instead, the pilot study results from this research 

suggest an opportunity for future research to first explore these constructs to establish a 

factor structure that can then be followed up with confirmatory analysis. Hence, the 

recommendation for a future study is to conduct another survey to include measurement 

items (more than three per construct recommended) for exploring the external 

factors/constructs of PBC, PE, PHR, PEXP, and SE, which this research did not address. 
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Then, once a factor structure is identified through EFA, the recommendation is to follow 

up with CFA analysis to confirm the relationships between those constructs. Future 

research could also expand further to conduct a full SEM analysis for understanding the 

direction of the confirmed relationships.  
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