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ABSTRACT 

This thesis investigated the potential of utilizing augmented reality (AR) as an 

operational tool to assist tow crew directors in reducing the occurrence of aviation ground 

mishaps (AGMs) within the fleet. An experiment using experienced tow crew directors in 

a virtual environment (VE) found improved collision detection rate, mean stopping 

distance, and user confidence levels amongst all experiment participants across various 

aviation ground operation scenarios. While the effects did not rise to the level of statistical 

significance, experiment participants readily recognized and emphasized the potential 

impact of such a system on a tow crew director’s ability to control towing operations 

effectively and safely with enhanced efficiency. This thesis serves as a compelling proof 

of concept, providing valuable support to ongoing endeavors to further improve the safety 

and efficiency of naval aviation enterprise ground operations. 
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I. INTRODUCTION 

This thesis builds upon the work of Major Colton Fetterolf’s thesis, “Using 

Augmented Reality to Enhance Situational Awareness for Aircraft Towing” (2020). Major 

Fetterolf examined the feasibility of a Virtual Reality (VR) system called “Aircraft Towing 

Enhanced with Augmented Reality” (ATEAR). His study was designed to help improve 

the confidence and awareness of the Navy’s and Marine Corps’ aircraft tow crew directors. 

This improved confidence and awareness is in regard to the aircraft tow crew director’s 

ability to identify an aircraft’s flight surfaces in relation to other objects in the vicinity of 

the aircraft on a standard flight line, also known as shore-based operations. 

A. RESEARCH PROBLEM AND MOTIVATION 

The driving force behind this thesis was to decrease the number of Aviation Ground 

Mishaps (AGMs) within the Naval Aviation Enterprise (NAE) and advocate for the 

fielding of technologies that support aviation ground operations. While there are various 

categories of AGMs, this research focuses explicitly on aircraft collisions while being 

towed. Despite being acknowledged as a serious problem by NAE leadership, the collision 

rate remains alarmingly high, resulting in damages and repairs that have cost the NAE 

millions of dollars. Studies conducted by the Naval Safety Center (NAVSAFCN), Head 

Quarters Marine Corps (HQMC), and other consulting and analysis firms have identified 

multiple potential contributing factors to the increase in AGMs, with maintainer 

inexperience as the primary issue (Glueck, 2017; Department of Defense Aviation, 2018; 

Nguyen, 2018). This thesis will further investigate and test other factors, including 

maintainer contrast sensitivity or the visibility of flight control surfaces, and maintainer 

cognitive processing speed or the ability to process information and react to potential 

collisions (Fetterolf, 2020). 

This thesis will continue the work established in Major Fetterolf’s study by 

experimenting on qualified aircraft maintainers in a simulated operational environment 

within ATEAR. The experiment will assess maintainers’ ability to react and identify 

potential aircraft collisions with and without Augmented Reality (AR) supplementation 
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within the virtual environment of ATEAR. The data collected from the experiment will 

provide NAE leaders with the information needed to determine if an AR system can 

effectively reduce the number of AGMs within the NAE. Additionally, this thesis will 

directly support NAVSAFCN initiatives and the Naval Air Warfare Center Aircraft 

Division (NAWCAD) in developing and fielding AR technologies to help support the NAE 

mission. 

B. RESEARCH QUESTIONS 

The work in this thesis will focus on the following research questions initially 

addressed in Major Fetterolf’s (2020) work:  

1. How can AR be utilized to prevent aircraft collisions during towing 

evolutions? 

2. To what extent does AR enhance situational awareness for a tow crew 

director? 

C. HYPOTHESIS 

Similar to Major Fetterolf’s hypotheses, the following null hypothesis and 

alternative hypothesis have been established to address the research questions: 

1. Hypothesis 1 

• Null Hypothesis H10: There is no difference in collision detection rate 

between the standard view and the AR view, dps – pAR = 0 

• Alternative Hypothesis H1A: There is a difference in collision detection 

rate between the standard view and the AR view, dps – pAR ≠ 0 

2. Hypothesis 2  

• Null Hypothesis H20: There is no difference in mean stopping distance 

between the standard view and the AR view, µd = 0 

• Alternative Hypothesis H2A: There is a difference in mean stopping 

distance between the standard view and the AR view, µd ≠ 0 
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3. Hypothesis 3  

• Null Hypothesis H30: There is no difference in confidence levels between 

the standard view and AR view, µd = 0 

• Alternative Hypothesis H3A: There is a difference in confidence levels 

between the standard view and AR view, µd ≠ 0 

D. RESEARCH OBJECTIVES 

• Collaborate with NAWCAD Lakehurst Mission Operations and 

Integration (MO&I) Department to implement an AR interface that 

provides additional detection information to a aircraft tow crew director. 

Specifically, an aircraft’s proximity to other objects within a simulated 

environment. 

• Integrate the NAWCAD AR overlay into the ATEAR system and carry 

out the designed experiment on maintainers from Marine Aircraft Group 

11 (MAG), III Marine Aircraft Wing (MAW). The experiment will gather 

objective and subjective data on the research questions, clarify the 

potential of AR in this specific domain, and assist NAWCAD in 

developing and fielding AR support equipment to alleviate towing 

collisions and support the NAE mission. 

E. BENEFITS OF STUDY 

This research intends to draw attention to the issue of towing collisions and to 

reduce the number of AGMs caused by aircraft collisions within the NAE. Moreover, this 

research will support the efforts of NAWCAD’s “Wing Walker” initiative, which aims to 

provide maintainers with collision detection AR capabilities. The development and fielding 

of AR collision detection support equipment will elevate the maintainers’ confidence and 

situational awareness while carrying out towing operations and address the AGM problem 

identified by NAVSAFCN and HQMC, ultimately saving the NAE millions of dollars. 
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F. SCOPE OF THESIS

This thesis is divided into four main areas of investigation:

1. The first area is to examine and review the historical data analyzed in

previous efforts. The historical mishap data evaluates the problem’s

overall impact and supports the problem statement. By obtaining current

mishap data, this thesis will further support the problem statement by

comparing it to historical data. This data will include the cost of damage

and repairs and the operational impact on squadrons.

2. The second area will analyze the current training, qualifications, and

towing procedures for aircraft tow crews within the NAE, including USN

and USMC aviation.

3. The third area will explore current AR and VR technologies, evaluate their

advantages, and examine various use cases in the industrial and military

domains.

4. The fourth area will focus on experimenting with qualified aircraft

maintainers from VMFAT-101. The assessment of each individual’s

performance will be gauged on three distinct parameters, namely their

ability to detect collisions, the average distance between the aircraft and

potential collision points once the towing operation has stopped, and their

confidence in detecting potential collision within their field of view

(FOV). The subjects will experience an equal number of scenarios of

varying difficulty, with and without using an AR supplementation. The

subject will conduct one set of scenarios utilizing NAWCAD’s collision

detection interface. The data gathered will be analyzed by comparing each

subject’s performance with  and without AR supplementation in each

scenario within the VE. Subjects will also take contrast sensitivity and

cognitive processing speed tests between scenario sets. These tests will

assist in analyzing subject performance in a collision scenario and if
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contrast sensitivity or cognitive processing speed could be potential causal 

factors. 

G. THESIS STRUCTURE 

• Chapter I provides an overview of the problem statement, objectives, and 

methodology.  

• Chapter II reviews the documents and policies that define Mishaps within 

the Department of Defense (DOD), expound upon the effects of towing 

incidents on naval aviation, and review the current training, composition, 

and procedures for NAE tow crews.  

• Chapter III includes a review of literature on topics related to AR and VR, 

as well as an examination of AR and VR use cases and technologies with a 

focus on aviation ground operations and maintenance fields within the 

civilian and military domains.  

• Chapter IV reviews the simulation development, design and development 

of the different AR interfaces and the captured performance measures. 

Specifically, a review of NAWCAD’s collaboration with the New Jersey 

Institute of Technology (NJIT) on the design and development of the 

Wing Walker System collision detection interface is conducted. 

• Chapter V reviews the methodology and experiment design.  

• Chapter VI covers the results and analysis of the experiment.  

• Chapter VII concludes the research questions, provides future work 

recommendations to include continued collaboration to improve and field 

the Wing Walker system, and elaborates on how similar AR systems can 

vastly improve the NAE mission and objectives.  
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II. TOWING MISHAP REVIEW 

Aircraft towing is a critical component within the NAE, allowing for the efficient 

and safe movement of aircraft around the flight deck, hangar deck, and maintenance spaces. 

However, towing operations can be complex and potentially hazardous, involving 

coordinating multiple personnel and operating specialized equipment. As a result, aircraft 

towing mishaps can occur, significantly impacting the NAE both monetarily and 

operationally. 

This chapter will provide an overview of aircraft towing mishaps in the NAE, 

including the impacts of these mishaps, the various studies conducted about them, and the 

staffing and composition of an Aircraft Tow Crew. Additionally, this chapter will discuss 

the procedures involved in aircraft towing, including the various equipment used and the 

specific protocols that must be followed to ensure safety and efficiency. Finally, this 

chapter will explore the training and management of Aircraft Tow Crews, including the 

current requirements and qualifications for personnel involved in towing operations. 

Overall, this chapter will demonstrate the importance of aircraft towing within the 

NAE while highlighting the potential risks involved and the critical need for proper 

procedures and training to ensure safe and efficient operations. 

A. DOD MISHAP CLASSIFICATIONS 

As previously stated in Major Fetterolf’s thesis (2020), a naval aviation mishap is 

an event that involves government equipment and results in damage, injury, or illness. The 

DOD assigns a classification to each mishap based on its severity, the injuries sustained by 

those involved, and the cost to the government. The Department of Defense (DOD) relies 

on the policy guidelines laid out in DOD Instruction (DODI) 6055.07 to steer its mishap 

classification system, which sets out the protocols for mishap notification, investigation, 

reporting, and record-keeping for each of its military branches (Office of the Secretary of 

Defense, 2018). The mishap definitions and reporting procedures for the United States 

Navy (USN) are also directed by the Naval Aviation Safety Management System 

(OPNAVINST3750.6S). Mishaps are classified according to their cost, ranging from “A” 
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to “D,” with “A” denoting over $2,000,000 and “D” denoting between $20,000 and 

$50,000. Moreover, the U.S. Navy categorizes mishaps into subcategories, such as flight 

mishaps (FM), flight-related mishaps (FRM), and AGM, based on how they happened, as 

stated by the Chief of Naval Operations (2014).  

B. IMPLICATIONS OF TOWING RELATED AGMS

The implications discussed in this section will focus on the monetary and

operational impacts of towing-related AGMs on the NAE. As highlighted by previous 

studies, there has been a notable surge in towing-related Aviation Ground Mishaps (AGMs) 

since Fiscal Year (FY) 2014. This concerning trend is largely attributed to the mishandling 

of aircraft by maintainers, leading to collisions with typical items, buildings, and support 

equipment that can be found on a standard operational flight line. As we will see in the 

following section, the USN collects the data and analyses AGMs utilizing their primary 

aircraft reporting system. The FY2014-2019 data utilized in this thesis was retrieved by 

Major Fetterolf (2020) and is from the USN’s web-enabled safety system (WESS). The 

Risk Management Information (RMI) system has now replaced the WESS, and any data 

reviewed past 2019 will be data retrieved from the RMI system.. 

1. Review of FY 2014–2019 WESS Data

It is important to note that the data analysis conducted in this section was conducted 

by Major Fetterolf (2020). Additionally, the data in this section and the subsequent section 

utilize the search function in Excel as the primary means of review. Due to the functionality 

of WESS, the outputs delineating the types of incidents can be vague and not well-defined. 

So, because of this vagueness, a thorough search of the incident narratives was performed, 

resulting in 59 incidents involving towing. The incidents are further categorized, see Figure 

1, into Class A mishaps (1 incident), Class C mishaps (25 incidents), Class D mishaps (9 

incidents), and HAZREPs (24 incidents). These incidents occurred among all aircraft type/

model/series (T/M/S) within the NAE, most of which occurred during FY2015-2017. The 

reason for this significant increase in incidents during this period is unknown (Fetterolf, 

2020). 
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Data source: Naval Safety Center, raw unpublished data received by Capt Colton Fetterolf 
via email, Mar. 19, 2020. 

Figure 1. Number of Towing Incidents FY2014–FY2019. Source: Fetterolf 
(2020). 

Major Fetterolf (2020) utilizes Table 1 to provide more information about when 

these incidents occurred. He noted that 59.3% of mishaps occurred during the day, 3.4% 

during dusk, and 37.3% during nighttime operations. The data was also divided into 

incidents during ashore and afloat operations, with 71.2% occurring while units were 

ashore and 28.8% occurring during afloat or shipboard operations. With visibility being 

much lower at night and the dynamic nature of shipboard operations, Major Fetterolf 

annotated that these observations are surprising and go against common expectations. 
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Table 1. FY2014–FY2019 Towing Incident Overview. Source: Fetterolf 
(2020). 

Data source: Naval Safety Center, raw unpublished data received by Capt Colton Fetterolf via 
email, Mar. 19, 2020. 

a. Monetary Impacts

Along with the review of the FY2014-2019 WESS data, Major Fetterolf (2020) also 

analyzed the monetary impacts associated with that time period. He noted that the cost of 

towing-related incidents within the NAE from FY2014 to FY2019 was $14,437,883, as 

reported in Table 1 and Figure 2. The task of evaluating the cost of aircraft and property 

damage resulting from a mishap falls on the aircraft mishap board (AMB), with injury 

expenses added by NAVSAFECEN, according to the Chief of Naval Operations (2014). 

However, Major Fetterolf (2020) clarifies that the estimated cost of mishaps may not fully 

encompass the entire expense. He notes that the AMB is instructed by OPNAVINST 

3750.6S to omit the man-hours used in damage inspection, commercial equipment rentals 

or space fees, and further damages incurred during rescue or salvage operations. The total 

cost of mishaps in FY2019, the year with the second-lowest number of incidents, amounted 

to $10.2 million due to a costly class-A mishap. The second and third most expensive years 

were FY2017 and FY2015, respectively, costing approximately $1.7 million and $1.1

million, as reported by Fetterolf (2020). 
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Data source: Naval Safety Center, raw unpublished data received by Capt Colton Fetterolf 
via email, Mar. 19, 2020. 

Figure 2. Event Cost Totals for FY2014–FY2019. Source: Fetterolf (2020). 

2. Review of FY 2020–2023 RMI Data

a. Monetary Impacts

After thoroughly searching the incident narratives, the FY2019-FY2023 RMI data 

annotates 52 incidents involving towing. The incidents are further categorized, see Figure 

3, into Class A mishaps (1 incident), Class B Mishaps (9 incidents), Class C mishaps (18 

incidents), Class D mishaps (5 incidents), and HAZREPs (19 incidents). These incidents 

occurred among all aircraft type/model/series (T/M/S) within the NAE, most of which 

occurred during FY2019 and FY2021. Unfortunately, unlike the WESS data, the RMI data 

could not produce additional information like the time of incident occurrence or whether 

the incident occurred ashore or afloat. 
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Data source: Naval Safety Center, raw unpublished data received via email on Oct. 3, 2022. 

Figure 3. Number of Towing Incidents FY2019–FY2023 

The cost of towing-related incidents within the NAE from FY2019 to FY2023 was 

$18,287,021, as reported in Figure 4. From this data, FY2019 accumulated an additional 

eight mishaps and $ 1.6 million from the previous data pulled by Major Fetterolf, 

accounting for $11.8 million. Although FY2021 had the most mishaps happen within the 

year, it was the least costly of the other years. FY2023, one Class B mishap occurred during 

the data pull, but no financial information. Therefore, the AMB is most likely still 

investigating and calculating the total loss of the mishap. 

NAVAL POSTGRADUATE SCHOOL  |  MONTEREY, CALIFORNIA  |  WWW.NPS.EDU

_________________________________________________________



13 

 
Data source: Naval Safety Center, raw unpublished data received via email on Oct. 3, 2022. 

Figure 4. Event Cost Totals for FY2019–FY2023 

3. Operational Impacts 

Towing incidents impact a squadron’s ability to meet flight-hour targets and aircraft 

availability for missions. These effects do not have immediate financial consequences but 

are related. For example, suppose an aircraft is damaged during a towing incident and 

requires maintenance. In this case, it may be “down” for maintenance for an extended time, 

reducing the number of available aircraft for the daily schedule and missions. Additionally, 

the maintenance required to repair the damaged aircraft is more complex or time-

consuming than anticipated leading to the daily flight schedule being disrupted and causing 

second and third-order effects on the monthly and annual flight hour goals (Eckstein, 

2016). If a squadron cannot reach its flight hour goals, it could also decrease the budget 

and allocation of flight hours for the next fiscal year. In sum, towing incidents can 

negatively impact the squadron’s operational goals by reducing aircraft availability for 

missions, disrupting the daily flight schedule, and potentially leading to a decrease in the 

budget for flight hours and training events (Fetterolf, 2020). 
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4. Other AGM Studies 

In recent years, the surge in towing incidents and other Aviation Ground Mishaps 

(AGMs) has been a critical topic of discussion among NAE leadership. In 2016, the USN 

and USMC turned to consulting and organic analysis agencies like Booz Allen Hamilton 

(BAH) and the Center of Naval Analysis (CNA) to independently review mishap data, 

practices, and procedures. The studies from both CNA and BAH attributed the increase in 

AGMs to inexperienced maintainers (Fetterolf, 2020). 

A more comprehensive study on the rise of AGMs in USMC aviation was 

conducted by BAH, focusing on seven essential variables, including leadership, 

standardization, training, culture, resources, facilities, and operational tempo (Glueck, 

2017). The same study conducted by BAH identified the need for more technical expertise 

between the ranks of E4 and E6 and that there is inadequate maintenance safety expertise 

and leadership outside of the maintenance department. These factors increased the pressure 

on maintenance staff and, consequently, the likelihood of AGMs. In addition, the BAH 

study also found that the expeditionary maintenance mindset, which prioritizes mission 

completion at all costs, was also found to contribute to the increase in AGMs 

C. TOW CREW STAFFING AND RESPONSIBILITIES 

Per the Aircraft Securing and Handling Procedures with Aircraft Restraining 

Devices and Related Components (NAVAIR 17–1-537), a tow crew is staffed with six-

members for standard operating procedures, consisting of a tow director (TD), tow tractor 

driver (TTD), brake rider (BR), two wing walkers (WW), and a tail walker (TW) 

(Department of the Navy, 2017). In addition, NAVAIR 17–1-537 annotates that all 

members of the tow crew are required to be familiar with the aircraft handling signals 

detailed in the Aircraft Signals NATOPS Manual (NAVAIR 00–80T-113) and to carry a 

whistle throughout the duration of the aircraft movement. 

1. Staffing  

Per the Naval Aviation Maintenance Program (NAMP) 4790.2D and NAVAIR 17–

1-537, no rank restrictions exist on personnel filling any tow crew position. Based on 
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common practices seen in both the USN and USMC, tow crew staffing typically reserved 

for E-6 and below with the Senior NCO being the director and the majority of the crew 

being more junior and with less experience. Additionally,  Figure 5 references the 

positioning of tow crew members in association with the aircraft. 

 
Figure 5. Aircraft Tow Crew Positioning. Adapted from USN (2017). 

Source: Fetterolf (2020). 

2. Responsibilities 

The NAVAIR 17–1-537 publication outlines crew members’ responsibilities 

during aircraft towing operations. Each standard six-person tow crew member has clearly 

defined roles to ensure a safe and successful evolution. The TD supervises the process, 

monitors the aircraft’s position, and directs the TTD, who operates the tow tractor, using 

verbal communication and hand signals. If the TTD loses control, the BR initiates the 

brakes. The presence of two WWs stationed parallel to the wingtips and the TW at the aft 

of the aircraft ensures the safety of the aircraft. Additionally, two CWs are added to the 

tow crew if the aircraft’s braking system is inoperable, responsible for placing wheel 

chocks to control the aircraft’s movement. All tow crew members must be familiar with 

aircraft handling signals, carry a whistle, and be prepared to perform their roles to prevent 

incidents from occurring (Department of the Navy, 2017). 
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3. Summary 

The frequency of towing-related incidents within the areas of responsibility of the 

WWs and TW highlights the critical role they play in a towing operation. Furthermore, the 

lack of readiness and attention demonstrated by less experienced crew members and the 

distance of the wing tips and horizontal stabilizers from the TD pose a challenge in 

monitoring and avoiding collisions. Thus, it can be argued that having experienced 

personnel for all positions in the tow crew is crucial for safe and successful towing 

operations. These observations align with the recommendations provided by the CNA and 

BAH reports, emphasizing the importance of addressing staffing and experience levels of 

the entire tow crew to enhance towing safety. 

D. AIRCRAFT TOWING PROCEDURES 

The process for towing aircraft is a standardized procedure within the NAE and is 

outlined in NAVAIR 17–1-537. Maintenance control initiates the towing operation by 

assigning a TD. The TD then gathers the tow crew and provides a briefing on the aircraft 

being towed, which includes the destination, reasons for towing, aircraft limitations, and 

the assignments of WWs and TWs. Per NAVAIR 17–1-537, tow crew members, excluding 

the TTD and BR, carry a standard sports whistle, which they can use to stop the towing 

process when necessary. After the briefing, the tow tractor and tow bar are connected to 

the aircraft. Then, using hand and arm signals detailed in NAVAIR 00–80T-113, the TTD 

moves the aircraft to its desired location under the TD’s direction. While the aircraft is 

towed, WWs and TWs walk alongside to prevent and identify potential collisions. If they 

believe the aircraft is in danger, the TW or WWs will use their whistle to signal the TTD 

to stop. Once the whistle is blown, the TTD halts movement so the TD can evaluate the 

situation. If the towing is completed without any safety concerns, the aircraft is secured, 

and the tow tractor and tow bar are disconnected. The tow bar’s disconnection signifies the 

evolution’s end, and the crew is sent back to their respective work centers. (Department of 

the Navy, 2017). 
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E. TOW CREW TRAINING AND MANAGEMENT  

This section will explore the training requirements for USN and USMC personnel 

involved in aircraft towing operations, as it falls under the NAMP. Specifically, the section 

will focus on the training management system used by naval aviation maintenance 

professionals, the maintenance training program, and the current qualifications held by 

members of a F/A-18 tow crew. The NAMP is a comprehensive system designed to ensure 

the safe and effective maintenance of naval aircraft and includes requirements for training 

and certification of maintenance personnel. As a preliminary note, the current training for 

tow crew personnel remains the same for the USN and the USMC. 

1. The Naval Aviation Maintenance Program 

The NAMP is a comprehensive system designed to ensure safe and effective 

maintenance practices within the NAE. The program covers all aspects of maintenance, 

including planning, scheduling, and execution, and is designed to ensure that aircraft are 

maintained to the highest safety and reliability standards. 

The NAMP is based on standard operating procedures (SOPs) and guidelines used 

by all naval aviation maintenance personnel. These procedures cover everything from pre-

flight inspections to major repairs and are designed to ensure that all maintenance work is 

performed consistently and to the same high standards. The NAMP is divided into 

organizational, intermediate, and depot-level maintenance. Each level of maintenance has 

its own set of procedures and guidelines and is responsible for different aspects of aircraft 

maintenance. 

Specifically related to this research, the NAMP includes requirements for training 

and certification of maintenance personnel, as well as for the documentation of 

maintenance work and the tracking of maintenance and training records for aircraft and 

personnel. (COMNAVAIRFOR, 2022) 

2. Aviation Maintenance In-Service Training Program 

As previously discussed, the NAMP is responsible for implementing aviation 

maintenance-related training in the squadron, overseen by the In-Service Training Program 
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(IST). The squadron’s Assistance Aircraft Maintenance Officer (AMO) is accountable for 

the IST program. The AMO’s responsibilities include scheduling maintainers for external 

training, enforcing a weekly technical training plan, and ensuring that military occupational 

specialty (MOS) requirements are fulfilled (COMNAVAIRFOR, 2022). In addition, the 

AMO typically manages the GSE training and licensing program, which focuses on 

qualifications specific to aircraft GSE, i.e., the A/S32A-45, also known as the tow tractor 

(COMNAVAIRFOR, 2022). 

3. Advanced Skills Management  

The Advanced Skills Management (ASM) system is integral to the NAMP. It tracks 

and manages the training and qualification status of USN and USMC aviation maintenance 

personnel. According to the Commander, Naval Air Forces (COMNAVAIRFOR), ASM is 

an “unclassified management information system (MIS) that contains job task 

requirements, documents completed training, qualifications, certifications, duty or billet 

assignments, and tracks personnel progress in completing [qualified and proficient 

technician] QPT or [aviation maintenance training and readiness program] AMTRP” 

(COMNAVAIRFOR, 2022). 

As stated by Fetterolf (2020), “a maintainer’s profile within ASM is comprised of 

all previous and current qualifications, including the current status of qualifications the 

maintainer is in the process of completing.” This profile helps to ensure that all personnel 

have the necessary skills and knowledge to perform their jobs safely and effectively and 

that each individual receives the required training to maintain their qualifications and 

advance in their career. 

4. Tow Crew Qualifications 

Aircraft tow crew personnel must meet specific training and qualification 

requirements per the NAMP. The requirements for tow crew personnel vary depending on 

their roles and responsibilities. As mentioned in Chapter II.B, a tow crew comprises six 

individuals: a tow crew director, a tow tractor driver, a brake rider, two wing walkers, and 

a tail walker. Of these individuals, only three receive formal qualifications and training 

through the IST: the TD, TTD, and BR. The formal qualification for the TD training 
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syllabus and the basic Aircraft Towing Qualification can be found in Appendix A. Training 

syllabi for the TTD and BR are similar to that of a TD. Still, they have different 

requirements specific to their qualifications (COMNAVAIRFOR, 2022). It is important to 

note that these syllabi may differ based on T/M/S. Aircraft with tires/wheels utilize BRs as 

a redundant safety measure, while T/M/S with no tires/wheels, like the A/H1, do not have 

that luxury (Fetterolf, 2020). 

F. SUMMARY 

This chapter overviews the DOD mishap classifications and focuses on the 

implications of aircraft towing-related mishaps. In addition, the chapter reviews data 

related to towing-related mishaps, the monetary and operational impacts of these mishaps, 

and studies related to aviation ground-related mishaps. This chapter also reviews tow crew 

structure, responsibilities, training, and training management. Overall, this chapter 

highlights the importance of aircraft towing safety and the need for ongoing training and 

attention to detail in this critical aspect of towing operations. 
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III. VIRTUAL ENVIRONMENT BACKGROUND 

Virtual environments have become increasingly prevalent in many domains, from 

entertainment and education to military and maintenance applications. This chapter 

introduces the virtual environment background and discusses the reality-virtuality 

continuum, VR, and AR. VR refers to a computer-generated simulation that immerses the 

user in an artificial environment, while AR overlays digital information onto the user’s 

view of the real world. These technologies have numerous applications in the military and 

maintenance domains, including training, simulation, maintenance and repair, and mission 

planning. This chapter will explore some of the current use cases and technologies in these 

domains. Overall, this chapter aims to provide a foundation for the subsequent chapters by 

introducing the key concepts and technologies that underpin virtual environments and 

discussing their potential applications in the military and maintenance domains. 

A. THE REALITY-VIRTUALITY CONTINUUM  

The Reality-Virtuality Continuum model describes the relationship between the 

real world and virtual environments (VEs). The model proposes a spectrum, or continuum, 

between the real world and fully immersive VEs, with various levels of reality and 

virtuality in between, as seen in Figure 6 (Milgram et al., 1995). 

 
Figure 6. Reality-Virtuality Continuum. Source: Milgram et al. (1995). 

The real world represents the most concrete and tangible experience at one end of 

the continuum. Moving along the continuum, we encounter AR, which overlays digital 

information onto the real world, adding a layer of virtuality. Mixed reality (MR), which 
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blends digital and real-world elements to create a more immersive experience, lies 

anywhere along the middle of the continuum where VE and the real-world meet. Finally, 

at the far end of the continuum, we find fully immersive virtual environments that can 

provide users with experiences that are impossible to achieve in the real world. As we move 

along the continuum closer to the VE end, VR allows the system user to interact and have 

a heightened sense of presence within the VE (Brooks, 1999). 

The Reality-Virtuality Continuum helps users understand the different types of VEs 

and how they relate to the real world. In military and maintenance domains, the continuum 

can be used to select the appropriate continuum type for a given application. For example, 

an AR system might be suitable for providing maintenance personnel with real-time 

information about equipment, while a VR simulation might be used for training soldiers in 

dangerous combat scenarios. 

In the military, virtual environments are used for training and simulation purposes. 

For example, virtual training environments enable DOD members to engage in realistic 

training scenarios. This allows them to develop skills and practice in a safe and controlled 

environment, including virtual combat training, vehicle simulations, and even medical 

training for military medics. 

Different continuum types also support maintenance activities in the maintenance 

domain by providing realistic simulations of complex systems. This can include the use of 

VR, MR, and AR to support maintenance activities such as repair, assembly, and 

troubleshooting. By using these technologies, maintenance personnel can access detailed 

information about equipment and systems, allowing them to identify and address issues 

more quickly and effectively. 

Within the Continuum, VR and AR are rapidly evolving technologies with 

numerous applications across various industries. As these technologies advance, users can 

expect to see more innovative uses and applications emerge. In addition, users will likely 

see significant developments in VR and AR hardware, software, and content in the coming 

years, further enhancing their capabilities and usability. By exploring these technologies 

more deeply, users can better understand their potential and how they can be leveraged to 
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provide immersive experiences, enhance training, and support maintenance activities, 

including aircraft towing operations. 

1. Virtual Reality 

Dr. Fredrick Brooks (1999), was the department founder of the 3D interactive 

computer graphics; human-computer interaction; virtual worlds; computer architecture; 

and the design process at the University of North Carolina Chapel Hill and defined VR as 

follows: 

Virtual reality is a way for humans to visualize, manipulate and interact with 
computers and extremely complex data. It is a three-dimensional, 
interactive, computer-generated environment. Users are immersed in and 
able to interact with a simulated world through the use of VR devices and 
typically wear a headset to experience the environment. They can 
manipulate objects, interact with others in the virtual environment, and 
move around the space they are immersed in. (Brooks, 1999) 

The user is immersed in the virtual environment and can interact with it through 

VR devices such as headsets, allowing for a sense of presence in the virtual world. In VR, 

users can manipulate objects, interact with other users in the virtual environment, and move 

around the space in which they are immersed. 

a. VR Use-Cases and Technologies  

VR has emerged as a valuable tool in various fields, including military, 

maintenance, and aviation. In the military domain, VR is primarily utilized for combat 

training, medical training, and vehicle and equipment simulations. Applications and 

programs such as Virtual Battlespace 3 (Bohemia Interactive Simulations, n.d.) and 

VirtaMed (VirtaMed, n.d.) provide realistic environments that allow personnel to practice 

procedures and develop skills in a safe, controlled environment. In the maintenance 

domain, VR is used for maintenance simulations, assembly simulations, and remote 

support utilizing platforms such as Oculus and HoloLens. These platforms provide realistic 

simulations and real-time guidance and assistance to maintenance personnel. Finally, in the 

aviation domain, VR is used for flight training simulations, maintenance simulations, and 

safety training. Platforms such as RampVR (IATA, n.d.) and other flight simulators 
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provide realistic flight simulations and real-time guidance and assistance to pilots, 

maintenance, and other aviation personnel. These applications and technologies provide 

unique capabilities tailored to each domain’s specific needs and requirements. 

(1) RampVR 

RampVR is a VR training and simulation that provides training solutions for ground 

handling and ramp operations in the aviation industry. International Air Transport 

Association (IATA) implemented RampVR to promote VR technology in aviation training 

and develop new training solutions for ground handling and ramp operations personnel 

(IATA, n.d.).  

Within the aviation maintenance domain, RampVR provides training programs that 

are intended to assist ground-handling personnel and ramp operators in acquiring the 

necessary skills and knowledge to carry out their responsibilities competently and safely. 

These training programs leverage virtual reality (VR) technology to develop realistic and 

engaging simulations of various scenarios and procedures, enabling trainees to train and 

learn in a secure and well-controlled environment. 

 
Figure 7. RampVR Marshalling Training. Source: IATA (n.d.). 
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RampVR’s VR training programs cover various topics, including aircraft 

turnaround procedures, baggage handling, marshaling, and pushback operations. The 

programs are customizable and can be tailored to meet the specific needs of different 

organizations (IATA, n.d.). 

Figure 8. RampVR Proof of Concept. Source: IATA (n.d.). 

RampVR’s training programs have been well-received in the aviation industry, 

with customers reporting improved safety, efficiency, and overall performance. The 

company has also won several awards for its innovative use of VR technology in training 

and simulation (AN Aviation, n.d.). 

2. Augmented Reality

AR is the “use of transparent glasses on which a computer displays data so the 

viewer can view the data superimposed on real-world scenes” (Stanney, 2002). According 

to Stanney’ s definition,  AR enhances a user’s perception of the real world, where VR 

would replace it. The computer-generated content within AR is context-sensitive and based 

on real-world inputs, displaying real-time information to the user. The basic principles of 

operation for AR systems involve capturing signals from the real world, analyzing the 

signals, generating corresponding virtual content, aligning the virtual and real signals, and 

presenting the information to the user.  
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a. AR Use-cases and Technologies  

AR is revolutionizing complex tasks in various fields, including maintenance. The 

increasing complexity of maintenance tasks necessitates thoroughly incorporating 

cognitive and fine motor skills underlying procedural actions during training (Ke et al., 

2005). AR provides the ability to use smartphone and tablet devices to capture footage of 

proper demonstrations and insert labels, notes, and visual cues to create an “Adaptive 

Visual Aid,” an instructional imagery overlaid on a live image rendered through the camera 

(Webel et al., 2013). AR also allows users to access virtual information while interacting 

with real-world objects, removing the need for external instruction manuals requiring 

additional reading comprehension and translation. AR can also be used for quality 

assurance and review of the maintainer’s actions. AR systems improve precision and 

efficiency, which makes it a promising technology for maintenance tasks and training. AR 

can also reduce training requirements while enhancing the quality of performance. AR 

instructional techniques aim to reduce the necessity of information transference by 

projecting information on top of a real-world object using a phone or tablet device 

(Mcneely, 2022). AR is revolutionizing the maintenance industry and increasing the 

efficiency of complex tasks. 

 
Figure 9. An Example of “Adaptive Visual Aid.” Source: Webel et al. 

(2013).  
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(1) Scope AR 

Scope AR specializes in developing AR tools and technologies for use in industrial 

settings. They offer a range of AR solutions designed to help businesses improve 

productivity, reduce downtime, and enhance training and education programs. One of their 

keystone products is the WorkLink platform, which allows users to create and share AR 

content quickly and easily using various authoring tools (Scope AR, 2019). 

Scope AR was one of the first companies to develop an AR authoring platform for 

HoloLens. The platform is designed to be easy to use and accessible to many users, 

allowing businesses to create and deploy AR content without requiring specialized 

programming skills or expertise (Matney, 2017). 

 
Figure 10. Authoring Platform Example. Source: Scope AR (2018). 

Scope AR also offers the ability to integrate with various other software tools and 

platforms that support a wide range of AR devices and technologies while maintaining a 

user-friendly design and functionality. 

Scope AR has a strong track record of developing innovative and effective 

solutions. Their work on the HoloLens platform, in particular, has helped push the 
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boundaries of what is possible with AR technology. It has opened up a range of new 

opportunities for businesses looking to leverage the power of AR in their operations. 

 
Figure 11. Scope AR Ability to “Observe, Execute, and Record.” Source: 

Scope AR (2018). 

B. SUMMARY 

This chapter delved into the capabilities of VR and AR technologies while 

highlighting their use cases in the maintenance and aviation domains. The affordability and 

potential of these technologies continue to pique the military’s interest, particularly in light 

of the high costs and limited attempts allowed in live training. VR offers a safe and 

reproducible platform for training at a lower monetary and operational cost, while AR’s 

most significant advantage is enabling users to interact with the real world. Although AR 

display technology has yet to mature, it could be valuable in training and daily operations 

such as aircraft towing evolutions. 
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IV. SIMULATION DEVELOPMENT 

This chapter details the design and development of the NAWCAD AR interface for 

Major Fetterolf’s (2020) ATEAR system. Major Fetterolf designed his system to allow the 

subjects to act as tow crew director within the virtual environment and give them an 

enhanced view of the aircraft and the surrounding environment utilizing an AR interface. 

The AR interfaces are designed to allow for faster and more accurate detection and 

response in potential collision  scenarios. Major Fetterolf noted that the development of the 

AR interface involved several stages, including interface design, programming, and testing. 

As a result, the interface he designed was to be intuitive and user-friendly, focusing on 

providing the tow crew director with the most relevant information and views. 

Major Fetterolf (2020) incorporated human performance metrics to evaluate the 

effectiveness of the AR interface. These human performance metrics were maintained and 

used as the primary performance measures in this study. The performance measures he 

incorporated were collision detection rate, mean stopping distance, and confidence levels. 

These measures were used to test the hypotheses annotated in Chapter I. Overall, 

developing the AR interface for the ATEAR system, Specifically the NAWCAD interface, 

represents a significant step forward in using AR technology operationally. The results of 

the Human Performance Metrics are discussed in Chapter VI, providing insight into the 

effectiveness of the AR interface and its potential for broader use in the aviation industry. 

A. AR INTERFACE SYSTEM DESIGN AND DEVELOPMENT 

This section will explore the design and development of the experiment’s two AR 

collision interfaces. This section provides a detailed account of the design of each interface 

and highlights the differences between them. The first interface was designed and 

developed by Major Fetterolf, while the second was designed by NAWCAD’s RISE Lab 

for their Wing Walker Project and the interface was implemented into the ATEAR system 

for testing. By implementing these two different AR interfaces, we aimed to examine their 

effectiveness in improving towing operations. It should be noted that within ATEAR 
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Version 1, Major Fetterolf’s collision detection interface is referred to as “AR.” Within 

ATEAR Version 1.1, the NAWCAD RISE Lab interface is referred to as “Silhouette.” 

1. Collision Detection Interface for Version 1 (AR) 

As previously mentioned, The AR collision detection interface that Major Fetterolf 

implemented within ATEAR Version 1 was to provide the TD with clear and concise 

information on the aircraft’s position relative to its surroundings in a simple and accessible 

way. In addition, the FutureTech design team within the MOVES institute at NPS sought 

to design the AR interface so that it could be implemented by a DOD program for 

operational use.  

In his thesis Major Fetterolf (2020) noted that the point of impact for most towing 

collisions is either the wing tips or the horizontal stabilators (refer to Figure 12). However, 

as all the scenarios he designed involve towing from the rear of the tow tractor, the 

FutureTech design team programmed the scenarios to ensure collisions occurred only on 

the wing tips, excluding the horizontal stabilators for experimental purposes. Therefore, 

the AR collision interface only locks onto the aircraft’s wing tips and offers auditory and 

visual indicators to the tow crew director when executing the designed scenarios as seen in 

Figure 13 (Fetterolf, 2020).  

 
Blue Boxes mark locations of wing tips and the green boxes mark horizontal stabilizers. 
Adapted from Brown and Schafer (2013) 

Figure 12. F/A-18 Flight Control Surface. Source: Fetterolf (2020). 
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Figure 13. AR Collision Interface Wing Tip Indicators. Source: Fetterolf 

(2020). 

The final design as annotated by Major Fetterolf is as follows: “when no objects 

are within three feet of the wing tip, the wing tip illuminates green and produces no auditory 

tones. If a wingtip sensor detects an object within three feet, the wingtip color changes to 

yellow, and an acoustic beeping tone starts playing out of the respective side of HMD 

headphones. If the sensor detects an object within six inches, the wing tip color changes to 

red, and the frequency of the auditory tone increases” (Fetterolf, 2020). 

Major Fetterolf has introduced additional collision indicators in the AR interface 

that are accessible to the TD. These indicators include an overlay of the occluded wingtip, 

which is visible through the aircraft in situations where the TD is on one side of the aircraft, 

and the aircraft’s fuselage obstructs the TD’s view of the wingtip on the opposite side as 

seen in Figure 14. The AR collision interface is also designed to alert TDs of potential 

collisions when the aircraft is outside their field of vision, as depicted in Figure 15 

(Fetterolf, 2020). 
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Figure 14. AR Collision Interface Interacting with Occluded Wingtip. Source: 
Fetterolf (2020). 

Figure 15. Potential Impact Warning When Aircraft Is Outside of FOV. 
Source: Fetterolf (2020). 

2. Collision Detection Interface for Version 1.1 (Silhouette)

The following information was provided by Ezra Idy of NAWCAD’s RISE Lab, 

His work and collaboration with the faculty and students of NJIT will be further discussed 

within this Section. Idy (2023) noted the numerous challenges and iterations that marked 

the journey of designing the Silhouette collision detection display. “The display aims to 
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create a system that effectively conveys information to the tow crew members without 

causing distractions.” In his process, the development of the display explored various 

design concepts and drew inspiration from unconventional sources, ultimately leading to a 

refined and practical solution. As previously mentioned, his design was made possible 

through a collaboration between Dr. Margarita Vinnikov of the NJIT iXR Lab and her 

students Charles Maher, Ryan Madsen, Jonathan Tan, John Campbell, and Christopher 

Miranda. The iXR Lab team took an iterative approach to finalize the design; the iterations 

are as follows: 

1. Original Silhouette Model 

The initial design featured a silhouette of the towed aircraft in the user’s periphery, 

aiming to minimize distractions (refer to Figure 16). However, due to HoloLens 2’s 

limitations, the interface obstructed the user’s view, rendering the design impractical (Idy, 

2023). 

 
Data Source: image received from Ezra Idy from NAWCAD RISE Lab on March 15, 2023. 
The interface display in the top left of the image was ultimately discarded because the 
display would impede the user’s vision when conducting towing operations. 

Figure 16. Development of Original Silhouette Interface Display Design 
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2. Wedge Model 

Idy, after the dismissal of the original design, noted that the NJIT iXR Lab team 

turned to first-person shooter video games for inspiration, observing how they conveyed 

direction and severity of damage using color gradients. The iXR Lab adapted this approach 

by creating a clear box divided into five sections corresponding to different aircraft 

sections, as seen in Figure 17. In addition, the system would display the distance between 

objects and use a color scheme (red, yellow, green) to indicate urgency. Unfortunately, the 

end-users found the wedge display too distracting, leading the team to rethink their 

approach (Idy, 2023). 

 
Data Source: image received from Ezra Idy from NAWCAD RISE Lab on March 15, 2023. 
Similarly, the Wedge Model would impede the user’s vision during towing operations 
leading to the development of the Outline Silhouette Model design. 

Figure 17. Development and Testing of Wedge Model Design 

3. Aircraft Outline Silhouette Model 

Combining elements from the previous designs, the NJIT iXR Lab team developed 

a silhouette based on the aircraft’s outline. The design allowed users to see through the 

display graphic, which avoided obstructing the user’s view. In addition, the outline’s color 

would change based on the proximity of objects, and the distance, in inches, is displayed 

near the silhouette outline. 
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For the final iteration, the iXR Lab team incorporated redundant information 

through multiple sensory channels to further enhance the interface. For example, haptic 

feedback, like vibrations, would alert wing and tail walkers to potential collisions. The 

design team also included sound warnings, but user feedback from initial testing suggested 

that this could interfere with radio communications during operations afloat. As a result, 

The user feedback led to removing the auditory channel from the design. 

Ultimately, Idy noted, the Silhouette collision detection display’s design and 

development process was a journey of continuous improvement, addressing challenges, 

and incorporating user feedback. The successful collaboration between Dr. Margarita 

Vinnikov, her students at the NJIT iXR Lab, and Ezra Idy of NAWCAD LKE RISE Lab 

resulted in an informative and minimally intrusive system, striking a balance between 

utility and user experience. 

Again, this thesis directly supports NAWCAD’s Wing Walker initiative, and the 

data collected supports the efforts to field this system and other similar AR technologies. 

Upon Ezra Idy’s decision to implement the final silhouette design into the Wing Walker 

System, funding was requested and received to have the FutureTech design team 

implement the Silhouette interface display into ATEAR Version 1.1. See Figure 18 for an 

example of the Silhouette interface. 
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The image is taken from ATEAR Version 1.1. The image shows the Outline Silhouette 
Model from TD’s perspective and will minimally impede the user’s vision during towing 
operations. 

Figure 18. Outline Silhouette Model Implemented within ATEAR Version 1.1 

B. HUMAN PERFORMANCE METRICS 

As mentioned in Chapter I, our hypotheses utilize three human performance metrics 

that were established by Major Fetterolf (2020). The identified measures of performance 

(MOPs) are collision detection rate, mean stopping distance, and confidence levels. Major 

Fetterolf (2020) defined and described the metrics as such:  

1. Collision Detection Rate  

“The collision detection rate is the rate at which the subject accurately predicts a 

collision. Therefore, if the scenario is a collision scenario, we expect subjects to blow the 

whistle. In contrast, for scenarios designated as caution or miss, we anticipated that subjects 

would refrain from blowing the whistle and allow the aircraft to move along its path” 

(Fetterolf, 2020).  
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2. Mean Stopping Distance  

“The design team used simple time (i.e., simulation time) and the last known speed 

of the tow tractor to develop the “stopping distance” calculations. Ultimately, the goal is 

for the subjects to identify a collision faster using AR supplementation than without it” 

(Fetterolf, 2020). The stopping distance equation is: 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿(𝑆𝑆𝑆𝑆ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 −𝑊𝑊ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) 

“The mean stopping distance for subjects using AR supplementation within a 

scenario set is compared against the mean stopping distance for subjects using the standard 

view in another scenario set “(Fetterolf, 2020).  

3. Confidence Levels  

The design team provided subjects with the ability to control the speed of the 

aircraft under tow in each scenario, to measure their confidence objectively and 

subjectively in predicting potential aircraft collisions. The experimental design outlined the 

methodology chapter specifies which scenario sets authorized speed control. Major 

Fetterolf (2020) designed speed modulation to be conducted by the subject through the  use 

of  the Rift’s touch controller by pulling the trigger. He noted that pulling the trigger 

completely in (i.e., max speed) raises the tow tractor speed to 2 units per second (double 

the default speed). As mentioned in his thesis, higher confidence levels can be inferred 

from higher average tow tractor speeds, minimal variation in tow tractor speed, or both, for 

the purpose of data collection. The average speed rate and standard deviation of the rate 

for each scenario will measure each subject’s speed values from the tow tractor (Fetterolf, 

2020). 

To measure each subject’s subjective confidence, Major Fetterolf (2020) and the 

FutureTech design team implemented confidence questions at the end of each scenario. 

The team ended the scenarios in one of three ways:  

1. The subject ends the scenario by blowing their whistle. 

2. The aircraft collides with an object, whether the whistle is blown or not. 

3. no collision occurs.  
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Given these three means to end a scenario, Major Fetterolf designed one of the 

following three confidence questions to be administered:  

• Question A (trigger: whistle blown, regardless of programmed collision) - 

When you blew the whistle, how confident were you that a collision was 

going to happen?  

• Question B (trigger: whistle NOT blown, programmed collision) - Before 

the scenario ended, how confident were you that the aircraft would finish 

its route collision-free? 

• Question C (trigger: whistle NOT blown, no programmed collision) - 

What was your lowest degree of confidence that the aircraft would finish 

its route collision free? 

When prompted, Major Fetterolf (2020) had the subjects place a marker on a linear 

analog scale to answer each question, as seen in Figure 19. “The slider bar corresponded 

to a 1–10 linear analog scale, low to high, respectively. The value captured is coded as a 

float, which yields a decimal (i.e., 7.3). To ensure data variability, Major Fetterolf and the 

design team intentionally did not incorporate a ‘snap-to-grid’ function on the slider bar or 

allow the subjects to view their selection’s approximate value” (Fetterolf, 2020). 

 
Figure 19. Confidence Question A with Slider Bar. Source: Fetterolf (2020). 
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C. SUMMARY 

This chapter reviewed the simulation development of ATEAR Version 1 and the 

changes made in Version 1.1. This review included design and development of both the 

AR interfaces, to include NAWCAD’s collaboration with the New Jersey Institute of 

Technology (NJIT) on designing and developing the Wing Walker System collision 

detection interface, and the captured performance measures of the subjects. 
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V. METHODOLOGY 

This chapter outlines the steps taken to collect and analyze data. In addition, this 

chapter will provide a detailed account of the participants, materials, procedures, and 

experiment design utilized in our study. 

Firstly, we will discuss the participant selection process, including the criteria for 

identifying eligible participants, the number of individuals included in the study, and any 

demographic information collected. Next, we will detail the materials and equipment used 

in the study, including any specialized software or hardware required for data collection. 

This section will also provide information on how the materials were prepared and 

configured for use in the experiment. 

Additionally, we will describe the experimental procedures employed, outlining the 

steps to ensure consistency across all participants and conditions. This section will also 

detail any ethical considerations taken to protect the rights and welfare of study 

participants. Finally, we will discuss the experiment design, including the conditions tested 

and any controls or counterbalancing employed. This section will also detail the statistical 

analyses used to analyze the data and the rationale behind these analyses. 

A. PARTICIPANTS  

The target audience for experimentation on the ATEAR Version 1.1 was USMC 

maintenance personnel who possess or had previously possessed a tow crew director 

qualification. The desired sample size to obtain statistically significant results from the 

experiment was 15–40 participants. These particular demographics were selected for the 

testing audience because the subjects have experience in the role in which the scenarios 

within ATEAR Version 1.1 were designed to replicate. As of November 2022, the III 

MAW Commanding General (CG), Major General Bradford J. Gering, approved the 

conduction of ATEAR Version 1.1 experimentation on the Maintainers of MAG-11. This 

approval is vital as the MAG-11 Maintainer performance and feedback on the AR collision 

detection interface would provide valuable insights into the potential use of AR to reduce 

towing-related AGMs. 
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B. MATERIALS 

1. Physical Setup 

Due to ATEAR being a stand-alone system, the physical setting for the experiment 

was conducted in VMFAT-101’s AMO Conference Room. The conference room was a 

quiet space within a squadron’s hangar utilized for debriefs, meetings, and training. During 

the experiment, the subject wore an Oculus Rift Head Mounted Display (HMD) and sat in 

a chair beside the proctor. The proctor utilized the laptop computer, identified in the 

Hardware section of this chapter, to administer the correct sequence of scenarios according 

to the Subject’s ID. An example of the subject’s physical experimental environment is seen 

in Figure 20. 

 
Figure 20. ATEAR Version 1.1 Physical Set-up. Source: Fetterolf (2020). 
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2. Hardware 

a. Display Solution 

In his thesis, Major Fetterolf (2020) noted that using the Oculus Rift HMD (shown 

in Figure 21) as the immersive display for the experiment was a simple decision due to its 

“ease of use and seamless integration with the Unity game engine.” The Oculus Rift, 

introduced to the market in 2016, is an affordable and effective immersive HMD typically 

used for gaming, but it also has other use cases, as discussed previously. Specifications of 

the Oculus Rift can be seen in Table 2 (Fetterolf, 2020). 

 
Figure 21. Image of the Oculus Rift HMD and Controllers. Source: Pino 

(2019). 

Table 2. Oculus Rift Specifications Adapted from Fetterolf (2020). Source: 
Alex (2018).  
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b. Computer System 

As previously noted, ATEAR Version 1.1 is a self-contained system that one person 

can operate on a single personal computer or laptop without network connectivity. ATEAR 

Version 1.1 runs on a Dell Precision 7760 laptop computer. Specifications on the laptop 

are in Table 3. 

Table 3. Dell Precision 7760 specifications. 

 

 

3. Software 

a. Unity Game Engine 

Unity Game Engine is a popular game development company that launched in 

2005. Unity provides a powerful and user-friendly platform for game developers to create 

and publish games across multiple platforms, including PC, mobile, console, and VR. The 

game engine is highly versatile and supports a variety of programming languages. 

Additionally, Unity provides developers access to a wide range of tools, assets, and 

application plugins to enhance their game development process (Axon, 2016). 

In recent years, Unity has expanded its focus beyond game development and into 

other areas, such as the automotive and industrial industries. The company has also 

invested in emerging technologies such as machine learning, augmented reality, and virtual 

reality, positioning itself as a leader in these areas (Unity, n.d.). 

Overall, Unity Game Engine is a highly versatile and accessible game development 

engine and fosters a solid and supportive community of developers. Due to these aspects 

of the Unity Game Engine, Major Fetterolf (2020) made the  decision to utilize this 

developing tool to model and simulate an AR interface system that could not only be 
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implemented within the virtual environment of ATEAR but also with the modern 

technology of the real world, specifically within the NA. 

C. PROCEDURE 

1. Proctor Set-up 

Like version 1 (Fetterolf 2020), ATEAR Version 1.1’s home screen functions as 

the system’s main menu, as seen in Figure 22. To assist the Proctor, the system will return 

to the home screen upon completion of each module. The Scenario Sets on the home screen 

meet the intent of the counterbalanced experimental design, allowing the home screen to 

be the point of moderation for the Proctor. The home screen is only visible to the Proctor 

on the laptop desktop. The home screen and its options remain hidden from the Subject 

upon dawning the HMD display. For all other aspects of ATEAR Version 1.1, the HMD 

display mirrors the desktop display (i.e., the execution of the tutorial and Scenario Sets). 

All home screen fields/selections help prepare the next set of scenarios for the Subject. 

While the home screen is active, the Subject will visually see “Please wait while we get 

you set up” in the HMD while the Proctor sets up the experiment with the system. The 

home screen, as designed by Major Fetterolf (2020),  includes the following fields: subject 

ID, Is AR On, Is Silhouette On, Can Control Tractor Speed, Tutorial, Scenario Sets 1–4, 

and Exit. The only change made from version 1 to version 1.1 was the “Is Silhouette On” 

option. The following is a brief description of the selections fields available made 

available:  

• Subject ID—The Proctor inputs the Subject’s ID; a number used during 

the experiment to maintain anonymity and represent the Subject for data 

analysis. Please refer to Table 4 for the scenario set flow of Subject IDs. 

• Is AR On—When selected, it activates the AR collision detection interface 

system.  

• Is Silhouette On—When selected, it activates the Silhouette collision 

detection interface system. 
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• Can Control Tractor Speed—When selected, the Oculus Rift controller’s 

trigger enables the Subject to adjust the tow tractor speed.  

• Tutorial—Initiates the ATEAR Version 1.1 tutorial.  

• Scenario Set 1–4—Chooses the desired scenarios for the Subject to 

experience based on experiment design. (refer to Table 4) 

• Exit—Terminates the ATEAR Version 1.1 program. 

 
Figure 22. ATEAR Version 1.1 Home Screen 
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2. Tutorial Execution 

When designing the ATEAR System, Major Fetterolf (2020) wanted to ensure the 

Subject’s execution of the tutorial helps with the familiarization of the system before 

starting any scenarios. As seen in Figures 23 through 27, Major Fetterolf ensured the 

tutorial encompassed three modules - introduction to controls, the AR system, and tow 

tractor speed control. These tutorials ensure that Subjects understand the controls, 

environment, and how to interact with the environment. By design, each of the three 

modules presents instructions to the Subject, followed by the execution of those 

instructions in the basic environment The following are an in-depth description of the 

tutorial modules as described by Major Fetterolf: 

• First Module: Controls—Upon selecting “Start,” the Subject enters the 

tutorial environment to become familiar with a typical scenario. All 

equipment and personnel remain stationary during this module, and 

subjects can navigate around the aircraft and move their head. The module 

concludes upon pressing the “B” button (Fetterolf, 2020).  

 
Figure 23. Tutorial: Controls. Source: Fetterolf (2020). 
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Figure 24. Controls Tutorial View in Environment 1. Source: Fetterolf (2020). 

• Second Module: Alerts—Like the first module, equipment and personnel 

stay stationary within the scene. The Subject can navigate around the 

aircraft, with the right wing purposely placed close to a storage container 

to trigger the indicators of both the AR and Silhouette systems. The 

participant will be made aware that both collision detection interface 

displays will be visible during the module. The Subject must press the “B” 

button to end the scene (Fetterolf, 2020). 

 
Figure 25. Tutorial: Alerts. Source: Fetterolf (2020). 

NAVAL POSTGRADUATE SCHOOL  |  MONTEREY, CALIFORNIA  |  WWW.NPS.EDU

_________________________________________________________



49 

 
Not shown in this tutorial image is the Silhouette Interface display. The proctors laptop 
only views the tail end of the aircraft of the Silhouette view. The Subject still can see and 
utilize the Silhouette Interface.  

Figure 26. Alerts Tutorial View in Environment 1. Source: Fetterolf (2020) 

• Third Module: Tractor Speed—This module teaches subjects how to 

modulate the speed of the tow tractor. Unlike the previous modules, the 

equipment and personnel are moving. The Subject can navigate around the 

aircraft, move their head, and change the tow tractor speed by modulating 

the trigger on the Oculus Rift controller. The module automatically 

concludes once the tow tractor has finished its predetermined path 

(Fetterolf, 2020). 

 
Figure 27. Tutorial: Tractor Speed. Source: Fetterolf (2020). 
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3. Scenario Sets Execution 

The Subject will be able to see the objective and an overhead image of the 

environment before the start of each scenario; this image also includes the type of tow 

operations displayed before execution (refer to Figure 28). Since the tow tractor and aircraft 

follow a predetermined path, a yellow line shows the intended path to give subjects an idea 

of what to expect (Fetterolf, 2020). 

 
Figure 28. Scenario Objective. Source: Fetterolf (2020). 

By design of Major Fetterolf (2020), upon selecting “Start,” the scenario begins. 

When the scene concludes (i.e., whistle blow, aircraft collision without whistle blow, or 

the scene ending on its own), he designed the system to “pose the respective confidence 

question to the Subject.”  While this question is displayed, the scenario will pause in the 

background. After pressing the “Proceed” button on the confidence level question, the 

“scenario complete” screen appears (refer to Figure 29). Additionally, Major Fetterolf 

(2020) designed this screen to provide feedback on the Subject’s performance by showing 

a “top-down view of the completed scenario.” He (2020) also designed the feedback for 

scenarios where the Subject blows the whistle in such a way that the scenario will resume 

until the aircraft reaches its scheduled stopping point (Fetterolf, 2020). 
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Figure 29. Scenario Complete. Source: Fetterolf (2020). 

Additionally, in scenarios where the Subject blew the whistle, a black outline of the 

aircraft appears at its location at the time of the blown whistle or when ATEAR Version 

1.1 stopped the scenario. Finally, for collision scenarios, the impact location is marked with 

a red “X” and the black outline of the aircraft, as seen in Figure 30 (Fetterolf, 2020). 

 
Figure 30. Example of Black Outline and Red “X.” Source: Fetterolf (2020). 
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D. EXPERIMENTAL DESIGN 

1. Design Conditions  

The experiment is a within-subjects design where each subject completes 30 towing 

scenarios using the ATEAR Version 1.1 system. In addition, a counterbalanced, paired 

design is used for data analysis. Once assigned a Subject ID, each subject completes three 

VR sessions, with ten scenarios in each session, as outlined in Table 4. 

Table 4. Subject-Within Counterbalanced Experimental Design 

 

 

A counterbalanced, paired design was chosen to control the order effects in within-

subject experiments. In this design, each participant experiences all experimental 

conditions in a different order, and the order of presentation is counterbalanced across 

participants. This design ensures that any effects of the order of presentation are balanced 

across the different conditions. 

A within-subjects experiment is a research design in which each participant 

experiences all experimental conditions. In contrast, a between-subjects design assigns 

participants to different conditions, with each participant only experiencing one condition. 

Within-subjects experiments can have increased power and require fewer participants than 

between-subjects experiments. However, they also require careful counterbalancing to 

control the order effects. 

2. ATEAR Version 1.1  

The primary objective of this experiment involved immersing participants in a VE 

and evaluating their performance. The entire experiment, encompassing surveys and other 

assessments, is anticipated to last approximately 90 minutes. All pre- and post-
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experimental surveys are integrated into the QualtricsXM data collection platform, 

enabling participants to respond digitally (Qualtrics, n.d.). QualtricsXM also facilitated the 

export of responses into a CSV file for offline data analysis. An added advantage of 

QualtricsXM is the customization of surveys to direct participants to specific questions 

based on their recorded answers. The participants completed all QualtricsXM surveys on 

the proctor’s computer, separate from the computer utilized for experimentation. The 

experiment’s flow and the data gathered at each stage are outlined below, along with the 

rationale for each activity, where applicable (Fetterolf, 2020). 

a. Pre-experiment 

A direct reflection of Major Fetterolf’s (2020)pilot testing, the pre-experiment for 

this thesis ensured each participant completed the approved NPS institutional review board 

(IRB) consent form (refer to Appendix B. Experiment Consent Form). Upon completion 

of the consent form, the participant was assigned a unique subject ID number. Following 

the assignment of the subject ID, participants were asked to complete the demographic 

survey (refer to Appendix C. ATEAR Demographic Survey) and the pre-experiment SSQ 

(refer to Appendix D. ATEAR SSQ) on the QualtricsXM platform on-line. The 

demographic survey documented relevant information, such as each participant’s gender, 

age, eyesight, and aircraft towing experience. The SSQ, a digital adaptation of the standard 

paper and pencil SSQ (Kennedy et al., 1993; Walter et al., 2019), was a baseline 

measurement for each participant’s simulation sickness level. This process was estimated 

to take about 10 minutes to complete (Fetterolf, 2020). 

b. VE Familiarization and Training 

Participants placed the HMD on their heads upon completion of the pre-experiment 

surveys. The proctor assisted the participants in adjusting the HMD to ensure proper fit. 

With the HMD correctly fitted, participants proceeded with the tutorial. This tutorial 

allowed participants to familiarize themselves with navigating and interacting within the 

VE using the same interaction methods required for the main study. The tutorial employed 

environment one, where participants practiced walking around the aircraft, learned how to 

control the aircraft’s speed, and gained familiarity with the AR and Silhouette collision 
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interface system functionality. During the tutorial, the proctor guided participants through 

ATEAR Version 1.1 and ensured that less apparent aspects of the system were highlighted. 

The proctor followed the experiment script to ensure consistent instruction between 

participants (refer to Appendix E. Experiment Script). The tutorial process was estimated 

to take approximately 10 minutes to complete (Fetterolf, 2020). 

c. VE Scenario Sessions 1–3 

Upon completion of the VE familiarization and training, participants were given 

the time to ask questions before starting the scenario sessions outlined in the experimental 

design conditions. The proctor addressed any questions before participants began scenario 

set one. Like Major Fetterolf’s (2020) ATEAR Version 1, Version 1.1 generated data for 

each participant in CSV files corresponding to each scenario set. Major Fetterolf ensured 

that the primary performance variables recorded in each CSV included subject ID, AR 

status, speed control status, environment type, scenario type, start scenario time, tractor 

speed at 0.5-second intervals, stop tractor triggered, intended end time of scenario, 

confidence question type and response or aircraft collision triggered. In addition, 

participants answered one of two confidence questions based on their actions during each 

scenario (Fetterolf, 2020). 

After completing scenario sets one, three, and five, participants proceeded to the 

next set of scenarios. In the following scenarios, participants could control the tow tractor’s 

speed during the execution of these sets. The first two scenarios took approximately 15 

minutes to complete. With six sets, the expected time within the VE was roughly 45 

minutes. Upon the conclusion of scenario sets two and four, participants removed the HMD 

to take a break from the VE. During this break, participants completed the contrast 

sensitivity test during the first break and the cognitive processing speed tests during the 

second. 

(1) Contrast Sensitivity Test 

Contrast sensitivity refers to the ability to differentiate between varying shades of 

gray. The applicability of this test is directly correlated to our hypotheses as aircraft 

maintenance personnel encounter various gray shades while performing routine tasks. In 
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the context of aircraft towing operations, the capacity to accurately distinguish between 

different gray contrasts can mean the difference between completing a towing evolution 

successfully or accidentally causing the aircraft to collide with nearby objects ending the 

evolution in a mishap. The participant’s perception of the aircraft and other objects within 

the VE is essential for detecting potential collisions and verifying the accuracy of the 

aircraft towing process. “When the contrast between an object and the background is 

reduced, the quality of visual performance is diminished. This effect is more pronounced 

in individuals with poor vision, including those who wear corrective lenses” (Mohammed, 

2017). Therefore, it would be possible to determine if poor performance within ATEAR 

Version 1.1 is due to inadequate contrast sensitivity rather than the VE’s fidelity. 

Major Fetterolf (2020) and his research team opted to utilize the MARS Contrast 

Senstivity test due to its “ease of use.” As noted by Mars Perceptrix, (n.d.), this test is a 

standardized letter chart consisting of nine lines of specific letters. The top left letter is 

black, and as one moves from the top left to the bottom right, each subsequent letter 

becomes a lighter shade of gray, as seen in Figure 31 (Mars Perceptrix, n.d.). 

 
Figure 31. Mars Contrast Sensitivity Chart. Source: Mars Perceptrix (n.d.). 
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The general procedure for conducting the MARS test resembles a standard eye test. 

First, participants covered their right eye and read letters from left to right on each line of 

the chart. Once their performance of the right eye was recorded, participants covered their 

left eye and repeated the test. However, unlike a standard eye exam, which typically takes 

place with the chart approximately 10 feet away, the contrast sensitivity test is conducted 

with the chart only 15.75 inches from the participant (Mars Perceptrix, n.d.). Scoring for 

each participant follows the Mars Letter Contrast Sensitivity Test Score Sheet guidelines, 

as seen in Figure 32. The participant’s performance on the sensitivity test was evaluated 

using the scoring threshold chart (see Figure 33). The proctor’s computer was the source 

of data collection for the contrast sensitivity test. 

 
Figure 32. Mars Contrast Sensitivity Scoring Example. Source: Mars 

Perceptrix (2013). 

 
Figure 33. Mars Contrast Sensitivity Scoring Thresholds. Source: Mars 

Perceptrix (2013). 
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(2) Cognitive Processing Speed Test 

Like contrast sensitivity, Major Fetterolf (2020) annotated another factor that may 

influence a tow director’s ability to detect potential collisions to be cognitive processing 

speed, or the rate at which their brain processes information. He annotated that a 

participant’s subpar performance on the cognitive processing speed test may be directly 

correlated to poor performance in ATEAR Version 1.1. Therefore, upon completing the 

fourth scenario set, participants undertook a cognitive processing speed test called the Trail 

Making Test (TMT) (Bowie & Harvey, 2006). 

Major Fetterolf (2020) had the FutureTech design team create a Unity-based TMT 

version. By design, each participant completes this version of an executable file on a 

Microsoft Surface tablet using the touch screen and their preferred index finger. The test 

consisted of four modules: Trail A tutorial, Trail A test, Trail B tutorial, and Trail B test. 

Figure 34 depicts the home screen for the TMT (Fetterolf, 2020). 

 
Figure 34. TMT Home Screen. Source: Fetterolf (2020). 
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• Trail A Tutorial—In this tutorial, the program demonstrated the task by 

drawing a black line connecting circles (1) and (2) and circles (2) and (3), 

as seen in Figure 35. The participant then started from where the line left 

off (circle 3) and connected the circles sequentially using their finger 

(Fetterolf, 2020).  

 
Figure 35. TMT Trail A Tutorial. Source: Fetterolf (2020). 

• Trail A Test—Participants clicked “Start Test” after completing the 

tutorial to begin the official Trail A test. Unlike the tutorial, which 

featured only eight numbers, the test included numbers up to 25, as seen in 

Figure 36 (Fetterolf, 2020). 
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Figure 36. TMT Trail A Test. Source: Fetterolf (2020). 

• Trail B Tutorial—This tutorial is similar to the Trail A tutorial. Similarly, 

it required participants to connect numbers and corresponding letters from 

the alphabet in sequential order (e.g., circles 1, A, 2, B, 3, D, and so on) 

(Fetterolf, 2020).  

• Trail B Test—Like the Trail A test, the Trail B test contained more 

numbers and letters than its tutorial. 

In each module, participants used their finger to connect the circles in sequential 

order. The screen’s background flashed red if the participants selected the wrong circle (see 

Figure 37). The red background reverted to the standard white background within a second, 

and the most recent correct circle flashed green (see Figure 38). These visual cues served 

as a reminder of the last correct circle selected and as the location to resume the test 

(Fetterolf, 2020). 
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Figure 37. TMT Incorrect Trace Warning. Source: Fetterolf (2020). 
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Figure 38. TMT Correct Circle Shown Post Error. Source: Fetterolf (2020) 

Major Fetterolf (2020) ensured the TMT recorded the following information for 

each participant in a single CSV file: subject ID, start time, simulation time when each 

circle was correctly traced, simulation time when each tracing error occurred, end of test 

time, and test duration (see Figure 39). The primary variable of interest for Trails A and B 

tests was the total completion time (Bowie & Harvey, 2006). The proctor conducted record 

management of participant scores on their computer (Fetterolf, 2020). 
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Figure 39. TMT CSV Output Example. Source: Fetterolf (2020). 

 
Figure 40. Typical Scoring for TMT Trail A and B Test. Source: Tombaugh 

(2004). 
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d. Post-experiment  

Upon finishing the remaining scenario sets, participants completed the post-

experiment SSQ on the QualtricsXM platform (refer to Appendix D. ATEAR SSQ). 

Comparative analysis was done on the post- and pre-experiment SSQ to ensure no 

significant cybersickness effects (Fetterolf, 2020).  

Following the post-experiment SSQ, participants completed the post-experiment 

questionnaire (see Appendix F. Post-experiment Questionnaire). Key variables from this 

survey encompassed the following: participants’ visual clarity in experiencing the towing 

scenarios within the virtual environment, whether they chose to wear corrective eyewear 

during the experiment, the towing model’s accuracy, the adequacy of decision-making time 

within the virtual environment, “the usability and influence of the AR system,” and “their 

expert perspective on the potential widespread adoption of a similar AR system” (Fetterolf, 

2020). By design, the post-experiment questionnaires and surveys were estimated to take 

approximately 10 minutes (Fetterolf, 2020). The conclusion of the post-experiment 

questionnaire and a debriefing signified the end of the experiment. 

e. Data Output and Record Management 

For data output, Major Fetterolf (2020) had the FutureTech design team ensure that 

the ATEAR Version 1 system output a  CSV file containing the following data: subject ID, 

AR status, speed control status, environment type, scenario type, start scenario time, tractor 

speed every 0.5 seconds, stop tractor triggered, intended end time of scenario, confidence 

question type and response, and/or aircraft collision triggered. Major Fetterolf noted and it 

was found to be true, “since tractor speed is logged every 0.5 seconds, each scenario set 

resulted in a CSV file with hundreds of lines” (Fetterolf, 2020). 

To assist with data analysis, Major Fetterolf (2020) created a python program to 

extract the relevant information (refer to Appendix G. Data Analysis Python Code). In 

order for the python program to work, the proctor  must manage and organize all CSV files 

inputted into the Python program. Then, once each subject’s scenario set CSV files were 

in a single folder, the Python program is able to parse through each file and arranged 

specific data chronologically for each scenario (Fetterolf, 2020). 
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The parsed product produced by Major Fetterolf’s (2020) code simplified the data 

output. This output included subject ID, AR status, ability to control tractor speed, 

environment type, scenario type, distance (if “Hit” scenario), collision prediction (correct/

incorrect), mean tow tractor speed (if speed control enabled), tow tractor speed standard 

deviation (if tractor speed enabled), tow tractor’s last known speed (if tractor speed 

enabled), confidence question type, and subject’s confidence question response. Refer to 

Appendix H. Data Analysis Code Output for a sample output from ATEAR Version 1.1 

comprising data from a single subject’s execution of all scenarios (Fetterolf, 2020). 

E. SUMMARY 

This chapter covered various aspects of the methodology, such as the participants, 

materials, simulation development, experimental design, and experiment execution. The 

study involved the participation of active-duty USMC aircraft maintainers and prior service 

contractors from VMFAT-101. Each Subject consented to participate in a paired 

counterbalanced experiment design, including pre- and post-experiment questionnaires and 

surveys. The chapter also outlined how data will be collected from each Subject and 

utilized to answer the research questions posed. Overall, the chapter provided a 

comprehensive understanding of experiment execution and how it contributed to the field 

of study. 
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VI. EXPERIMENT RESULTS AND ANALYSIS 

In this chapter, the findings from the experiment conducted are presented per the 

methodology outlined in Chapter V. Along with the findings and results of the collected 

data and the valuable insights gained from executing the experiment. For this experiment, 

software tools such as Qualtrics and Microsoft Excel were utilized for the statistical 

analysis of surveys and experiment data. Additionally, through the multiple iterations of 

experimenting, several areas in the experimental design were found to lack sufficiency. 

Therefore, this chapter will also discuss recommendations on the experimental design if 

further testing is required or warranted. 

A. RESULTS 

1. Demographic Survey Data 

The study was conducted at VMFAT-101, and 21 subjects participated in the 

experiment. The sample included six Navy, fourteen Marine Corps, and one Army 

maintainers. Only one subject was female, and the rest were male. Of the 21 subjects, seven 

were Active-Duty Marines, while the others were prior service contractors. The rank of the 

subjects varied from E-2 to E-5, with nine subjects being E-4 and seven being E-5, 

indicating that most were senior NCOs. 

The total years of being TD qualified by the subjects ranged from one to five years, 

totaling 54 years. The mean years qualified between subjects was 2.57 years, with a 

standard deviation of 1.5 and a variance of 2.24. In terms of experience with towing 

mishaps, only six of the subjects had witnessed a towing mishap in their career, and only 

two of the six were a member of the tow crew when the mishap occurred. Additionally, 

none of the subjects that were a member of the mishap tow crew were the TD during the 

evolution. 

Regarding the subjects’ habits and experience with gaming consoles, the minimum 

times per week spent playing was 1 hour and the maximum was 7 hours. In addition, the 

subjects’ mean time playing per week is 2.33 hours, with a standard deviation of 1.78 hours 

and a variance of 3.17. Finally, only 11 of the subjects had utilized a Virtual Reality HMD 
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before, indicating that the majority of the sample had little to no experience with this VR 

or AR technology. Furthermore, based on the lack of familiarity with HMDs, one subject 

experienced a more severe case of simulator sickness when conducting the tutorials and 

opted out of participating in the rest of the experiment. Additional information regarding 

the Demographic survey results can be seen in Appendix I (Demographic Survey Results). 

2. Hypotheses 

As noted in the Demographics Survey Data section, a total of 20 individuals were 

included in our data population. The size of this sample enabled our research team to use 

descriptive statistics and ANOVA F-statistic testing to gain valuable insights into the 

participants’ performance and if the difference in the mean collision detection rate, 

stopping distance, and confidence levels are significantly different between the AR 

interfaces. The data was divided by environment and type, as each environment had 

variations in “Hit,” “Danger,” and “Caution” scenarios. For a breakdown of each 

participant’s performance in each environment, please see Appendix L through N (Hit 

Scenario Analytics, Caution / Danger Analytics, and Performance Data Blocked by 

Environment Number and Type). Tables 5 through 10 are descriptive statistics for each 

hypothesis (please note that for all descriptive statistic tables “0”,”1”,and “2,” are No AR 

supplementation, AR interface, and Silhouette interface, respectively) : 

Table 5. Collision Detection Rate Descriptive Statistics 
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Table 6. Stopping Distance Descriptive Statistics 

 

Table 7. Hit Scenario Confidence Level—Question A 

 

Table 8. Hit Scenario Confidence Level—Question B 
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Table 9. Danger/Caution Scenario Confidence Level—Question C 

 

Table 10. Danger/Caution Scenarios Confidence Level—Question A 

 

 

a. Hypothesis 1—Collision Detection Rate 

According to the descriptive statistics, the Silhouette interface demonstrated a 

slightly better performance in identifying potential collisions in “Hit” scenarios. The 

overlay AR interface correctly identified 82% of collisions, while the Silhouette interface 

identified 85% of collisions. In comparison, standard towing operations had a collision 

identification rate of 83% in accordance with Table 5.  
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Table 11. Collision Detection Rate ANOVA F-Statistic Testing 

 

F(2, 597) = .23, p = .80, ηp2  = .001 

 

Despite these positive results, the calculated significance (p) is greater than 0.05 

showing no difference between the interfaces; thus, we fail to  reject the null hypothesis 

concluding that there is no difference in collision detection rate between the standard view 

and the AR views. 

Table 12. Collision Detection Rate Pairwise Comparisons 

 

 

b. Hypothesis 2—Mean Stopping Distance 

Once again the descriptive statistics show that the Silhouette interface demonstrated 

a slightly better performance in mean stopping difference within  “Hit” scenarios. The 

overlay AR interface had a mean stopping distance before a pre-scheduled collision of 8.05 
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units, while the Silhouette interface and no AR supplementation scenarios produced means 

of 8.13 and 8.12 units, respectively (as seen in Table 6).  

Table 13. Stopping Distance ANOVA F-Statistic Testing 

 

F(2, 357) = .24, p = .99, ηp2  = .000 

 

Again, the calculated significance (p) is greater than 0.05 showing no difference 

between the interfaces; thus, we fail to  reject the null hypothesis concluding that there is 

no difference in mean stopping difference between the standard view and the AR views. 

Table 14. Mean Stopping Distance Pairwise Comparisons 

 

c. Hypothesis 3—Confidence Levels 

For this section, please reference Chapter IV.B.3 for more information about the 

confidence question. 
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(1) Confidence Question A 

As seen in Table 7, for the scenarios labeled as “Hit,” the descriptive statistics 

showed that using either AR interface resulted in a higher average confidence score in 

response to question A compared to the standard view.  

Table 15. Confidence Question A ANOVA F-Statistic Testing 

 

F(2, 305) = 1.149, p = .318, ηp2  = .007 

 

Despite the difference in the descriptive statistics, ANOVA testing in Table 15  

shows no significance (p) between the interfaces. Once again, we fail to reject the null 

hypothesis concluding there is no difference in confidence levels between the different 

interfaces for “Hit” scenarios. 

Table 16. Confidence Level Question A Pairwise Comparisons 
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(2) Confidence Question B 

As seen in Table 8, The Silhouette interface resulted in lower confidence scores for 

“Hit” scenarios than the standard view and AR interface. Despite Question B annotating 

subjects’ failure to prevent the collision, a lower confidence score here shows the subject 

was much closer to deciding to blow the whistle than those with higher scores. 

Table 17. Confidence Level Question B ANOVA F-Statistic Testing  

 

F(2, 49) = 1.731, p = .188, ηp2  = .066 

 

ANOVA testing in Table 17 shows no significance (p) between the interfaces. Once 

again, we fail to reject the null hypothesis concluding there is no difference in confidence 

levels between the different interfaces for “Hit” scenarios. 

Table 18. Confidence Level Question B Pairwise Comparisons 
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(3) Confidence Question C 

Question C is specific to the “Danger” and Caution” scenarios. This question asked 

the subject their lowest degree of confidence during the scenario. With that being said, a 

relatively high score shows that the subjects were confident in their execution throughout 

the duration of the operation. Alternatively, a low score annotates that a subject, at any 

point of the scenario, may have experienced some doubt that the operation would end 

without collision. 

Table 19. Confidence Level Question C ANOVA F-Statistic Testing 

 

F(2, 189) = 0.748, p = .475, ηp2  = .008 

 

Table 9 shows that both AR interfaces had a higher mean confidence score within 

the “Danger” and “Caution” scenarios. Despite the descriptive statistics showing higher 

mean confidence scores, ANOVA testing shows there is no significance (p) between 

interfaces.  

Table 20. Confidence Question C Pairwise Comparisons 
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(4) Speed Modulation 

This experiment’s results indicated no significant difference in speed modulation 

between the AR interfaces and standard views for both “Hit” and “Danger / Caution” 

scenarios. The average speed for both scenarios between the interface was between 1.01 

and 1.1 units per second. However, it should be noted that some subjects reported not using 

the speed modulation button, as they were trained to move the aircraft at a normal walking 

speed. 

(5) Post-Experiment Questionnaire 

The results of the post-experiment survey are presented in Appendix P. The data 

indicated that although subjects using the AR interfaces exhibited higher confidence based 

on the confidence questions for “Hit” scenarios, the subjects still agreed, on the 

questionnaire, that they maintained a higher level of confidence utilizing the AR interfaces 

with an average confidence level annotated at 7.4. On a scale of one to ten,  the subjects 

also rated the difficulty of using the AR interfaces at 1.67, with a rating of 10 being 

difficult. Finally, a majority of subjects found believed a similar AR system should be 

implemented across the entire fleet, that it would reduce the number of AGMs in the fleet, 

and that the AR interfaces had a positive impact on their ability to understand the location 

of the aircraft’s flight surfaces in relation to other objects on the flight line. When asked 

why they thought this, some responses included:  

• “It serves as another set of eyes and helps gauge distance between A/C 

and object.” 

• “AR will help cut back on Mishaps.” 

• “The number of towing incidents would drop.” 

• “AR would help the director when the rest of the crew isn’t the best.” 

• “It gives the director a heads up on incoming collisions to include on the 

other side of the A/C.” 
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• “AR would help visualize flight surfaces at night.” 

3. Contrast Sensitivity Test Results 

The MARS Contrast Sensitivity Test was performed once on all the subjects 

between sessions one and two to determine if there was any association between contrast 

sensitivity and performance in the ATEAR system or within real-world towing operations. 

The data obtained from the test revealed that the average score for the left eye was 1.732, 

1.72 for the right eye, and the binocular average was 1.784. The standard deviations for all 

tests were 0.0663, 0.069, and 0.048, respectively. 

Statistical analysis of the results showed no causation of their performance within 

the ATEAR system. Therefore, these results suggest that contrast sensitivity does not 

significantly affect aircraft towing mishaps. However, it is important to note that the test 

was only performed once on a small population of maintainers. Therefore, further research 

is recommended to determine if there is any causal relationship between contrast sensitivity 

and aircraft towing mishap occurrences. The results, descriptive statistics, and score 

interpretation from the contrast sensitivity testing can been seen in Appendix K (Contrast 

Sensitivity Results).  

4. Cognitive Processing Speed Test Results 

Appendix O shows the results of the TMT Cognitive Processing Speed Test. The 

expected means and standard deviations for Trails A and B were based on normative data 

from Dr. Tombaugh’s study on the Trail Making Test (Tombaugh, 2004). Of the age 

groups, only the 18–24 group significantly underperformed the expected normative data 

for both Test A and B. The 25–34 approximately performed as expected for Test A but was 

over 9 secs above the expected time for Test B. Finally, the 35–44 age group 

underperformed Test A expectations by roughly 2 seconds and outperformed the expected 

for the test by an average of 2 seconds. Although this test raises concern, I recommend 

further testing since there was such a low population in each age group. In an adequately 

sized experiment, processing speed could affect how quickly people react to potential 

collisions. Therefore, most subjects in our study performed within the expected norms in 
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terms of the duration of each test. It is highly recommended that cognitive processing speed 

be further tested for its potential causation of aviation ground operation mishaps. 

5. SSQ Data 

The participants completed two SSQ assessments- one before and one immediately 

after the experiment. The scores of each participant on different parameters, including 

nausea (N), oculomotor (O), disorientation (D), and total score (TS), are presented in 

Appendix J (SSQ Results). Upon analyzing the data for each category, no significant 

changes were observed between the scores obtained before and after VR exposure. It 

should be noted that Subject ID 12 voluntarily removed themself from the experiment 

based on their perceived VR-related sickness.  

Additionally, the Data Analysis compared the total scores obtained before and after 

the experiment, which revealed a mean difference of 34.936267 with a standard deviation 

of 216.84854 and a 95% CI of -3.812 on the lower end and 193.80454 on the higher end. 

A negative total score indicates that the participant reported higher SSQ scores before the 

VR exposure. Since the confidence interval for the TS SSQ contained 0.00, it can be 

concluded that the experiment did not lead to any VR-related sickness among the 

participants. 

B. SUMMARY 

Based on results from the experiment and data analysis, it is inconclusive that AR 

technology would increase a maintainer’s situational awareness during towing operations, 

at least within the virtual environment. Those who used the AR interfaces, based on 

descriptive statistics,  showed that there is potential that fielding similar AR systems could 

be beneficial but further testing is still required. The experiment participants also 

recognized and noted the potential impact of such a system on a tow crew director’s ability 

to effectively control towing evolutions safely and efficiently. Nevertheless, all participants 

gave positive feedback about the simulated AR system, and they believed that developing 

a similar AR device for fleet implementation would be worthwhile. A few minor changes 

could be made to ATEAR Version 1.1 before further testing is conducted. These updates 

include additional scenarios such as shipboard and night operations, removing the ATEAR 
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Version 1 overlay AR interface and speed modulation, and updating the CSV output file to 

make it easier for data cleaning. Finally, I recommend a much larger sample size of the 

same demographic. As it took four working days to collect 20 subjects, I recommend 

including more researchers to administer the experiment to save time and resources for 

both the researchers and the supporting units. 
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VII. FUTURE WORK AND CONCLUSION 

This chapter summarizes the study’s findings and recommendations for future 

research. We will emphasize the significance of our research and its potential impact on 

the NAE. By providing recommendations for future research, we encourage other 

researchers to build upon this work and further advance the understanding of this area 

within the naval aviation domain. Ultimately, we aim to contribute to the body of 

knowledge in this field and to inform future research, practice, and policy. 

A. RESEARCH OBJECTIVES 

The data in the previous chapter and the ongoing relationship with the members of 

the NAWCAD RISE Lab prove that the research objectives of this thesis were successfully 

met. The Principle Investigators of this thesis collaborated with NAWCAD LKE MO&I to 

implement an AR collision detection overlay that provided a tow crew director with 

information about an aircraft’s proximity to other objects within a simulated environment. 

The team integrated the NAWCAD AR “Silhouette” overlay into the ATEAR system. The 

investigation team conducted the designed experiment on MAG-11, III MAW maintainers, 

to gather objective and subjective data on the research questions. 

The experiment assessed maintainers’ ability to react and identify potential aircraft 

collisions with and without AR supplementation within the virtual environment of 

ATEAR. The experiment also clarified the potential of AR in this specific domain. 

Additionally, the experiment assisted NAWCAD RISE Lab in their continued efforts of 

developing and fielding AR support equipment, specifically the Wing Walker project. 

This thesis was able to measure, subjectively and objectively, the effects of the AR 

system using VR technology. The VE for the VR system was built around the perspective 

of the tow crew director, and an HMD was used as the VR experience method to provide 

the user with the most immersion and increased sense of presence. Ultimately, the project 

successfully achieved its research objectives, and the findings, although deemed 

insignificant, provided insights into the potential of AR technology, particularly in the 

DOD aviation ground operation domain. Furthermore, this thesis and any potential future 
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work can and will contribute to the ongoing efforts to improve the safety and efficiency of 

aviation ground operations within the NAE. 

B. NAWCAD RISE LAB’S “WING WALKER” PROJECT 

As previously discussed, this thesis directly supports the Wing Walker Project, a 

NAVAIR initiative. The data from this study provides a platform for the researchers in the 

NAWCAD RISE Lab to drive the Wing Walker Project toward full-scale production and 

fielding. Although the study modeled shore-based operations, the Wing Walker project is 

in response to the fleet’s requests for assistance in reducing AGMs for shipboard 

operations. The Wing Walker project is one of several initiatives undertaken by the RISE 

Lab to improve flight deck procedures and safety utilizing existing worldwide cutting-edge 

technology and algorithms.  

Discovered during continued correspondence with Ezra Idy (2023) of NAWCAD’s 

RISE Lab, the initial design challenges of the Wing Walker project included determining 

LiDAR sensor placement, crew notification methods, removability and storage of the 

system, as well as addressing Emission Control (EmCon) conditions aboard ships. The 

challenges continue to be reviewed and addressed as more data and feedback becomes 

available through development and testing: 

• Sensor placement: The primary concern was positioning sensors around 

the aircraft to detect the target aircraft and its neighbors. Early designs 

considered retractable booms with attached sensors, aerial drones, and 

ground rovers. Eventually, these designs were dismissed due to instability 

and Foreign Object Detection (FOD) issues. Currently, the solution 

involves attaching sensors to the tow crew and tow tractor, enabling full 

aircraft coverage without directly binding to the aircraft (Idy, 2023). 

• Crew notification: Given the noisy flight deck environment and existing 

communication methods through the cranial, the Wing Walker project 

opted for a combination of AR and haptic feedback. The towing leader 

wears AR glasses to view sensor data, while the crew members receive 

haptic feedback during potential collisions (Idy, 2023). 
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• System removability and storage: The Wing Walker Project is designed 

for easy removal and compact storage. Maintenance requirements are 

reduced by using the tow tractor’s power source, and future integration 

with tow tractor designs is simplified (Idy, 2023). 

• EmCon conditions: Since the Wing Walker project utilizes LiDAR 

sensors, the system is not compatible for use when in EmCon conditions. 

Therefore, the Wing Walker project can only enhance towing evolutions 

when the ship conducts standard operations (Idy, 2023). 

The Wing Walker project is funded by the Naval Innovative Science & Engineering 

(NISE) Basic and Applied Research (BAR) program for FY21-FY24. The project focuses 

on LiDAR and computer vision algorithms for aircraft detection and plans to conduct a 

demonstration by July 2023, testing the system while towing a F/A-18.  

As the Wing Walker Project continues to be tested and developed, future 

recommended work is the continued support of RISE Lab research. This research includes 

algorithm improvements for operations in degraded environments, such as haze or 

darkness, and additional modifications for emergency braking systems and procedures. 

Following FY24, the project aims to transition to a program of record for testing and 

deployment in actual fleet towing operations. 

C. SUMMARY 

In conclusion, this study aimed to evaluate the effectiveness of using augmented 

reality (AR) technology for aviation ground operations. The research objectives were met 

through the experiment, and the data collected provided insight into AR technology’s 

potential benefits and limitations in this context. Although the hypotheses were deemed 

inconclusive, the results indicate a need for further testing and evaluation of AR technology 

in aviation ground operations. 

The study was conducted in collaboration with NAWCAD’s RISE Lab, and future 

work with the lab is recommended to further explore the use of AR technology for aviation 

ground operations. In addition, future research should focus on refining AR technology, 
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optimizing algorithms and usability, and determining the impact of AR technology on 

safety, efficiency, and overall performance. 
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APPENDIX A.  TOW CREW DIRECTOR AND AIRCRAFT 
TOWING QUALIFICATION SYLLABI 
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APPENDIX B.  EXPERIMENT CONSENT FORM 
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APPENDIX C.  ATEAR DEMOGRAPHICS SURVEY 
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APPENDIX D.  ATEAR SSQ 
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APPENDIX E.  EXPERIMENT SCRIPT 
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APPENDIX F.  POST-EXPERIMENT QUESTIONNAIRE 
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APPENDIX G.  DATA ANALYSIS PYTHON CODE 
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APPENDIX H.  DATA ANALYSIS CODE OUTPUT 
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APPENDIX I.  DEMOGRAPHIC SURVEY RESULTS 
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APPENDIX J.  SSQ RESULTS 

Pre-SSQ

 

Post-SSQ
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APPENDIX K.  CONTRAST SENSITIVITY RESULTS 
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APPENDIX L.  HIT SCENARIO ANALYTICS 
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APPENDIX M.  DANGER/CAUTION SCENARIO ANALYTICS 
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APPENDIX N.  DANGER/CAUTION SCENARIO ANALYTICS 
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APPENDIX O.  COGNITIVE PROCESSING SPEED RESULTS 
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