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Abstract 

Flight simulators that use virtual reality (VR) displays are becoming more 

prevalent in the aviation domain, enabling situation awareness (SA) training and 

assessment paradigms that integrate a broad range of aircraft types and flight 

environments. Research has identified three key components of user psychological 

experiences during VR exposure that may affect cognitive performance: immersion, 

telepresence, and interactivity. The primary objective of this study was to validate and 

quantify the effects of these VR experience constructs on pilot SA at the levels of 

information processing and comprehension. Effects of age and experience were also 

explored, as these factors are known to influence achievement of SA. Findings from this 

research will provide insight into the ways in which pilots’ psychological experiences of 

VR flight simulators affect their cognitive processing. Moreover, the results of this work 

will inform the design of improved VR systems for the training and assessment of pilot 

SA. 
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1. Introduction 

Flight simulators that use immersive virtual reality (VR) displays are becoming 

more prevalent in the general aviation training domain. VR systems are useful across all 

levels of flight operations, as they enable situation awareness (SA) training and 

assessment paradigms that integrate a wide range of aircraft types and flight 

environments. SA is regarded as a critical driver of decision making in all complex and 

dynamic systems, and it is acknowledged as an integral component of successful 

performance and safety outcomes in aviation. The present research uses Endsley’s 

(1995a, p. 36) three-level model, which articulates SA as “the perception of the elements 

in the environment within a volume of time and space, the comprehension of their 

meaning, and projection of their status in the near future.” Pilot age and experience are 

also critical to the present discussion, as the cognitive structures that facilitate SA 

acquisition are thought to be sensitive to age-related changes, such as decreased 

information processing speed and resource availability (Salthouse, 1991; Bolstad & Hess, 

2000). Moreover, the average age of general aviation pilots is increasing, with many 

pilots remaining active in flight well beyond age 60. In contrast, age effects may be 

mitigated in situations where an individual is highly experienced, due potentially to the 

activation of schemata in long-term memory (Hess, 1990). Although researchers in the 

VR domain have long been concerned with establishing criteria for evaluating user 

experiences in virtual environments, there is a lack of research addressing the impact of 

VR attributes on SA during flight. There is also limited discussion on the effects of age 

on individual’s experiences during VR exposure.  
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Research in VR technology has identified three key components of user 

psychological experiences in simulated environments that may affect cognitive 

performance: immersion, telepresence, and interactivity (Mütterlein, 2018). Telepresence 

refers to the subjective experience of being physically located within a simulated 

environment (Minsky, 1980). Achievement of telepresence experience is often treated as 

an indicator of the ecological validity of VR devices, and as a necessary condition for 

potential transfer of skills and knowledge acquired in virtual training conditions to real-

world contexts. Interactivity refers to a sense of agency, or the perceived capacity to 

influence the form of content in a simulated environment (Steur, 1992). Finally, 

immersion is characterized as the subjective experience of feeling involved or absorbed 

in activities conducted in a virtual environment. The present study uses a flow-based 

definition of immersion. Flow may be described as a psychological state of optimal 

experience, in which an individual is entirely absorbed or immersed in an activity 

(Csikszentmihalyi, 1990). 

The primary objective of the present research was to validate and quantify the 

effects of telepresence, interactivity, and immersion on pilot SA at the first and second 

level (i.e. information processing and comprehension, respectively). It was hypothesized 

that strong experiences of telepresence, immersion, and interactivity would help to 

streamline pilot attention to relevant stimuli, while blocking out irrelevant stimuli from 

the external environment. As a secondary line of inquiry, the present research will 

evaluate correlations between age and an individuals’ perceived telepresence, 

interactivity, and immersion. 
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This thesis is structured as follows. Section I introduces the present study. Section 

II provides an overview of literature, which informed this work. Section III summarizes 

the hypotheses assessed by this study, and the steps undertaken to validate a model of 

relations among the aforementioned VR and SA factors. Section IV gives an overview of 

the study methodology, including participant characteristics, materials, and experimental 

procedure. Section V covers results of a quantitative analysis performed on the data 

collected during the experimental exercise. Section VI presents a deeper analysis of 

results observed during the present study, in addition to identifying additional 

opportunities for research. Finally, Section VII concludes the paper, addressing 

limitations related to the current study, as well as the main findings and contributions.  

Findings from this research will help to advance the discussion concerning the 

ways in which pilots’ psychological experiences of VR flight simulators are related to 

their cognitive processing. Moreover, the results of this work will inform improvements 

in the design of immersive VR systems for the purposes of the training and assessment of 

pilot SA. 
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2. Literature Review 

2.1. Virtual Reality Flight Simulators 

2.1.1. Practical Considerations  

In the aviation domain, VR flight simulators are becoming more sophisticated, 

enabling representation of a wider range of aircraft types, training paradigms, and 

environmental conditions. Moreover, VR technology is increasingly being used for 

training and evaluation in contexts such as operation of military vehicles, maintenance of 

mechanical systems, nuclear power plant operation, and surgical procedures (Gorman, 

Meier, & Krummel, 1999). All discussion of VR technology throughout this thesis refers 

to immersive VR displays, such as the Oculus Rift headset. Immersive VR technology is 

characterized by the manipulation of sensory input to create conditions in which a user 

feels present within a simulation and able to physically interact with attributes of the 

environment (Psotka, 1995). At the most practical level, VR provides distinct advantages 

in portability and cost over conventional high-fidelity pilot training simulators. 

Traditional flight simulators are generally constructed using authentic physical 

instrumentation and system layouts, which are expensive to purchase and maintain, 

especially considering that each aircraft requires specific components (Dörr, Schiefele, & 

Kubatt, 2000). In addition, simulators are often large in size and can be difficult to 

dismantle and reconfigure, all of which places a large demand on operators in ensuring 

the necessary facilities and support personnel. Despite the positive outlook around VR 

technology in aviation, little is known about how attributes of these systems impact pilot 

cognitive processes, such as situation awareness.  
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2.2. Situation Awareness and Pilot Performance in General Aviation 

General aviation (GA) pilots experience substantially more accidents, including 

crashes, injuries, and fatalities, than do those in the commercial or military sectors. The 

Transportation Safety Board of Canada (2018) reported that of 240 aviation accidents 

recorded in 2017, 145 (60%) came from privately operated or “other type” aircraft, the 

latter of which include organizations such as flight clubs and schools. A 2012 study 

conducted by the United States Government Accountability Office (GAO), which 

reviewed patterns in both fatal and non-fatal general aviation accidents occurring 

between 1999 and 2011, found that single-engine piston airplanes flying personal 

operations were involved in the majority of incidents. In addition, the study identified 

“human error” and “loss of control” as common components in most accidents (GAO, 

2012). While human error in GA flight is often characterized as a failure in decision 

making, Endsley (1995b) suggests that a large proportion of these issues are actually 

errors in situation awareness (SA), whereby the problems lie in a pilot’s perception 

and/or comprehension of the situation, not in his or her response to it. Such errors are 

different in nature and require distinctive remedial action.  

 

 

 

 

 

 

 



 17 

2.2.1. Endsley’s Model of Situation Awareness  

 

Figure 1. Three-level model of SA from Endsley (1995a), including relationships to 

underlying cognitive processes, goals and expectations, and system attributes. 

SA is regarded as a critical driver of decision making in all complex and dynamic 

systems involving human operators. SA is a well-studied aspect of pilot cognition and is 

acknowledged as an integral component of successful performance and safety outcomes 

in aviation. One of the most widely-cited definitions comes from Endsley (1995a, pp.36), 

who defines SA as a dynamic state involving “the perception of the elements in the 

environment within a volume of time and space, the comprehension of their meaning, and 

projection of their status in the near future.” Furthermore, the present research defines SA 

using the three-level mechanistic model developed by Endsley (1995a), the components 

of which are depicted above in Figure 1 and discussed in detail below. 
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2.2.1.1. Level I Situation Awareness 

 The first level of SA involves perception of the “status, attributes, and dynamics 

of relevant elements” in one’s environment (Endsley & Jones, 2012). The relevant 

elements and the type of psychological information conveyed to the agent will vary 

depending on the environmental context. In GA, a pilot is trained to interpret a range of 

system, flight, and navigational data being communicated to them via cockpit 

instruments. However, an experienced pilot will also be attuned to subtle sensory cues, 

such as changes in the pitch of their engine. In any complex system, pilots must 

continuously filter large quantities of competing signals, making it difficult to identify all 

relevant SA Level I data. Endsley and Jones (2012) suggest that approximately 75% of 

pilot SA errors can be attributed to pilots not perceiving essential information, with 

nearly 40% of those errors coming from instances where system limitations impeded 

adequate communication of information.  

2.2.1.2. Level II Situation Awareness 

SA at the second level involves distillation of large quantities of psychological 

data into bits of relevant of information, which an individual then interprets for 

significance with regard to their current goals and environmental conditions. Endsley and 

Jones (2012) note that approximately 19% of SA errors in aviation involve Level II SA. 

In such instances, individuals correctly perceive sensory data, but fail to comprehend the 

significance of it. Given the cognitive demand posed by data integration, pilots with more 

advanced mental models corresponding to a situation will possess an advantage in their 

ability to develop Level II SA than do those lacking a comparable knowledge base.  
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2.2.1.3. Level III Situation Awareness 

 Finally, Level III SA involves the ability of a pilot to predict future conditions on 

the basis of one’s understanding of current conditions. Level III SA is thus dependent on 

one’s ability to demonstrate adequate comprehension of a situation (i.e., Level II SA). 

Moreover, the pilot must already possess a sufficiently developed mental model of flying 

in order to accurately appraise the progression of events. Barring errors involving 

shortcomings in Level I or II SA, Level III SA errors may be attributed to information 

processing overload, lack of domain knowledge, or an over-projection of trends (i.e., 

making a prediction on the basis of an assumption that certain conditions will hold stable) 

(Endsley & Jones, 2012). Endsley and Jones note that only approximately 6% of errors in 

SA can be categorized under Level III SA, further suggesting that this low number might 

be attributed to the high cognitive demand already placed on an individual to complete 

the prerequisite information processing at levels I and II. Bolstad et al. (2010) maintain 

that good SA is commonly associated with high levels of flight experience, citing Prince 

and Salas (1997), who compared awareness of SA cues across GA pilots (possessed an 

average of ~720 hours of flight experience), commercial pilots (~6036 hours) and check 

pilots (i.e., individuals who evaluate the safety and proficiency of commercial pilots) 

(~12,370 hours). Findings from Prince and Salas showed that the GA pilots were mostly 

only aware of direct temporal and spatial Level I SA cues. In contrast, airline pilots fared 

better in also actively identifying and attending to Level II SA cues, while only check 

pilots were widely able to develop an advanced projection future conditions and manage 

complex events accordingly (Level III SA cues). 
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2.2.2. Temporal Demands  

Given that a key characteristic of dynamic systems is the continuous temporal 

evolution of the system state, time is another major component in Endsley's model of SA. 

Time is especially important in the context of comprehension and projection, as 

successful SA at these levels depends on the capacity of an individual to understand the 

rate at which conditions are changing. For example, in order for a pilot to avoid an 

accident situation after recognition of the issue, they must also have some level of 

awareness regarding the immediacy with which corrective action is required. Since the 

state of a system is continuously changing, SA should not be thought of as a static state, 

but instead as involving stages of information processing. An up-to-date projection of the 

situation requires pilots to continuously take in and parse relevant data to update their 

SA.  

2.2.3. Relationship to Other Cognitive Processes 

SA occurs as the product of a number of underlying cognitive processes. For 

example, limitations in attention and working memory are thought to be primary 

bottlenecks for SA, in that they dictate the amount of unrelated data that can be identified 

and processed by an individual at any given moment. Working memory is a limited-

capacity cognitive storage system that also enables the processing of information. New 

information is combined with existing chunks in working memory to generate an updated 

picture of one’s environment, while information not being engaged rapidly decays. One 

of the most established models of working memory comes from Baddeley and Hitch 

(1974) and Baddeley (2000), which describes a three-component structure. The primary 

component is the central executive, which is responsible for directing attention to 
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relevant information, while suppressing out irrelevant information. The central executive 

also coordinates the activities of three “slave systems”: the phonological loop, which 

maintains verbal information, the visuospatial sketchpad, which maintains visual and 

spatial information, and the episodic buffer, which integrates information from the 

aforementioned systems.  

In contrast, limitations in SA can be overcome by strengthening other cognitive 

mechanisms. Long-term memory structures, such as mental models (complex structures 

that individuals use to model the behaviour of systems) and schema (states of the mental 

model that organize categories of information and facilitate efficiencies in information 

processing), support SA by helping an individual focus on relevant information and form 

expectations for the task environment. Endlsey and Jones (2012) underscore mental 

models as “key enablers” of complex SA processes (i.e., comprehension and projection). 

2.2.4. Age and Experience  

The average age of general aviation pilots is increasing, and it is not uncommon 

for individuals to remain active in flight well beyond age 60. A 2018 study by the Federal 

Aviation Administration found that within a population of 633,316 US citizens with 

active pilot certificates, 147,984 (23%) were 60 years of age and older. Age-related 

cognitive decline is frequently associated with reduced information processing resources 

(Salthouse, 1991). The cognitive structures that facilitate SA acquisition are thought to be 

sensitive to such changes. However, the discussion is complicated by considerable 

variability in the incidence and onset of decline among individuals (Bolstad & Hess, 

2000). Bolstad and Hess (2000) break down potential effects of cognitive decline across 

each of the three levels of SA. At the first level, age-related decline in attentional and 
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processing resources may limit the amount of information that enters working memory, 

the efficiency of an individual’s retrieval processes, and the complexity of information 

that can be handled at any given moment. In turn, these changes may reduce a pilot’s 

ability to generate an accurate mental model of their environment, the latter of which 

enables second- and third-level SA (i.e. comprehension and projection of future states, 

respectively). Moreover, older adults may demonstrate weaker source memory than 

younger adults, which entails difficulty in encoding contextual information. Parsing 

informational context is essential for retention of information and is foundational for 

achieving higher levels of SA.  

In contrast, experience may modify the extent to which age effects are observed in 

different contexts (Bolstad & Hess, 2000). There is evidence to suggest that the impact of 

age-related cognitive decline is reduced in situations in which an individual is highly 

experienced, due potentially to the activation of schemata in long-term memory (Hess, 

1990). Research from Hess (1990) suggests that schema use and activation appear to be 

minimally affected by age, and thus serve as critical processing resources for aged 

individuals.  

2.3. Users’ Psychological Experiences in Virtual Reality 

Researchers of VR technology have identified three key attributes of users’ 

psychological experiences during VR exposure: immersion, presence/telepresence, and 

interactivity. However, there remains contention in the definition of these experiences 

within the literature, and limited research has been dedicated to understanding how such 

experiences relate to and influence one another (Mütterlein, 2018). Therefore, the present 

research is intended to address gaps in the literature by providing validation for the 
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aforementioned three constructs of users’ psychological experiences of VR environments, 

as well as assessing relationships among these factors.  

2.3.1. Presence/Telepresence  

A critical point of discussion in the VR literature is the user’s experience of 

presence or telepresence. Telepresence is a term occasionally used in VR research to 

distinguish states of presence that are achieved through interactions with an environment 

presented via a technological medium (Steur, 1992). Telepresence is used throughout the 

rest of this document to denote presence experiences facilitated through the use of VR 

technology. Telepresence is often treated as an indicator of the ecological validity of VR 

devices, and it is regarded as a necessary condition for the transfer of skills and 

knowledge to real-world contexts (Regenbrecht, Schubert, & Friedman, 1998; Mestre, 

2006). In general, telepresence is defined as the perception or subjective experience of 

physically being there within a simulated environment (Minsky, 1980). Moreover, the 

International Society for Presence Research (2001) suggests that telepresence occurs 

when an individual’s perception fails to acknowledge the interaction with technology, 

which enables the sensation of feeling that one is in a location different from their actual 

location in the physical world. Similarly, Heeter (1992) describes telepresence as an 

ongoing experience of discerning and validating one’s existence as a component of, but 

separate entity within the virtual world. Witmer and Singer (1998) suggest that the level 

of telepresence an individual experiences is dependent on their ability to shift attentional 

resources from their external environment to the virtual one. The authors refer to work by 

McGreevy (1992), who discusses the roles of continuity, coherence, and connectedness in 

stimulus flow for facilitating telepresence.  
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Telepresence is a meaningful psychological phenomenon (Schubert, Friedman, & 

Regenbrecht, 2001); it observable in individuals’ physical responses to simulated stimuli. 

Regenbrecht, Schubert, and Friedman (1998) evaluated participants’ emotional arousal 

when placed before a virtual cliff and concluded that perceived level of presence had a 

significant positive impact on reported fear. Sanchez-Vives and Slater (2005) argue that 

telepresence might be seen as consciousness in a virtual environment, where external 

sensory data is successfully substituted by simulated sensory data in a way that allows an 

individual to respond via normal cognitive mechanisms. Sanchez-Vives and Slater (2005) 

refer to the work of Damasio (1998), who characterizes core consciousness as a transient 

and ongoing process, whereby a sense of self and awareness are automatically generated 

via short-term memory. What is crucial to this core consciousness is both the automatic 

sense that an individual is involved in the perception of a stimulus, as well as the sense 

that they possess the agency to act (or not act) upon that stimulus. Sanchez-Vives and 

Slater (2005) suggest that telepresence occurs when these qualities are realized in a 

virtual environment.  

 Experiences of presence can arise during interactions with content in many 

different media formats, such as radio, television, and books. For example, an individual 

reading a book may imagine themselves to be present in the world depicted by the text 

and create a mental model of their bodies and the actions they carry out (Biocca, 1997; 

Wirth et al. 2003). While engagement of an individual’s sensory channels through visual, 

auditory, haptic, or proprioceptive feedback may enhance experiences of telepresence, 

they do not appear to be necessary conditions for their occurrence (Wirth et al., 2003). 

Moreover, Schubert et al. (2001) suggest that it would be misleading to assume a one-to-
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one relationship between the stimuli produced by the “immersive” attributes of a system 

and an individual’s experience of telepresence. The authors maintain that the relationship 

between stimuli perception and presence is mediated by cognitive processes, which 

include the suppression of conflicting stimuli from the external environment and 

allocation of attention to stimuli from the media environment.  

2.3.2. Interactivity  

The next VR psychological experience is interactivity, which refers to a sense of 

agency, or perceived capacity to influence the form of content in a simulated environment 

(Steur, 1992). As compared to presence and immersion, interactivity is less established as 

a psychological experience construct in the VR literature. Kiousis (2002) examines the 

varied nature of the way the interactivity of a technological medium is discussed and 

evaluated in academic research, noting that accounts tend to fall into two major camps 

depending on whether they focus on the capacity of the technology to facilitate 

interpersonal communications or not. Within these camps, definitions of interactivity 

focus on one of three areas: the technological attributes of a system that facilitate 

interactivity, the context or environment of interactivity, or the perceptions of the user. 

The present research will focus on user perceptions. For example, McMillan and Hwang 

(2002) investigated measures of perceived interactivity. The authors identified direction 

of communication (direct two-way communication vs. indirect exchange), tools and 

features, and system responsiveness as integral to users’ perception of control over the 

form of content.  

Perceived interactivity seems to be closely related to experiences of telepresence. 

Though interactivity is not treated as a separate construct in the following example, Wirth 
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et al. (2003) maintain that an individual’s perception of the possibility to act within a 

mediated space is a secondary dimension of telepresence, occurring alongside the 

perception of being physically situated in an environment conveyed by some medium. A 

sense of agency and capacity for action appears to be crucial in enabling an individual to 

experience oneself as existing within a virtual space. Schubert, Friedmann, and 

Regenbrecht (1998) and Schubert et al. (2001) evaluate telepresence through the lens of 

embodied cognition, whereby telepresence is seen as emerging through the ongoing 

construction of a “spatial-functional” mental model of a simulated environment. Schubert 

et al. (2001) suggest that two crucial cognitive processes facilitate this model, namely the 

suppression of conflicting stimuli (discussed above), and the continuous representation of 

bodily action in the virtual world. The authors suggest that our cognitive representations 

of an environment comprise “patterns of possible action”, which are meshed with 

patterns of action based on memory. Meaning is then created through the interactions 

between our bodies and attributes of our environment, and the ongoing negotiation of 

those patterns of action. Following an analysis of telepresence experiences during VR 

gameplay, Schubert et al. (1998) found that participants’ experiences of telepresence 

were directly impacted by their perceptions regarding the possibility for action in a 

spatial environment, as well as the occurrence of dramatic events that structured 

interactions within the game.  

2.3.3. Immersion as a Facet of System Capabilities  

An enduring debate in VR research concerns whether immersion should be 

investigated through objective measures as a physiological experience facilitated by the 

technological capabilities of a system, versus as a subjective psychological state 
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experienced by the user. Slater and Wilbur (1997) define immersion as the extent to 

which the system is capable of delivering to the user an “inclusive, extensive, 

surrounding, and vivid illusion of reality”. The authors frame their discussion of 

immersion objectively in terms of a quantifiable set of system capabilities; for example, 

the inclusiveness aspect refers to the capacity of the system to block out competing 

sensory input from the user’s external environment, while vividness is concerned with the 

resolution and fidelity of displays. In contrast, Mütterlein (2018) suggests that while 

immersion certainly appears to be constrained by the technological capabilities of the 

system, it also appears that users will experience varying levels of “immersiveness” 

depending on the type of VR content they are exposed to, even if the same technology is 

employed in both cases.  

2.3.4. Immersion as a Flow-based, Psychological Experience  

From the opposing view, Witmer and Singer (1998) offer a psychological 

definition of immersion often cited in the VR literature, which identifies a sense of being 

“enveloped by” or “included in” the virtual environment. The authors identify a number 

of factors affecting immersion, such as a sense of isolation from the physical or external 

environment, the perception that one is included within in the environment, the 

perception of motion, and a feeling of being able to move and control attributes of the 

environment in a natural manner. However, the language used in the aforementioned 

definition appears to overlap with discussions of telepresence and interactivity. Despite 

the empirical support for telepresence as a distinctive mental state with implications on 

individuals’ performance and learning transfer in VR environments, do we have good 

reason to treat immersion as an independent psychological factor? Mütterlein and Hess 
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(2018) and Mütterlein (2018) maintain that immersion and telepresence represent 

conceptually distinct psychological experiences. The authors suggest value in the use of 

flow-based measures of psychological immersion to clarify ambiguities between 

immersion and telepresence definitions. Here, immersion picks out the subjective 

experience of feeling involved or absorbed in activities conducted in a virtual 

environment.  

Research by Csikszentmihalyi (1990) identifies flow as a psychological state of 

optimal experience, whereby an individual is entirely absorbed or immersed in an 

activity. Flow is sometimes colloquially described as the state of “being in the zone”. 

Activities that induce this state are thought to be autotelic in nature or motivating in and 

of themselves. Flow is typically measured as a subjective experience, and has been 

described across nine dimensions: intrinsic motivation to engage in an activity, strong 

concentration, a sense of control over one’s actions, loss of awareness of the passage of 

time, limited self-reflection, a clear sense of one’s objectives, balance between an 

individual’s capabilities and the skill demands of an activity, merging of action and 

awareness, and processing of immediate and unambiguous feedback (Csikszentmihalyi, 

1990; Michailidis, Balaguer-Ballester, & He, 2018). Rheinberg, Engeser, and Vollmeyer 

(2003) developed the Flow Short Scale to assess flow-based experiences occurring in the 

course of human-computer interactions. Following a factor analysis of results from the 

questionnaire, the authors found that flow as a construct could be separated into two key 

factors: absorption by activity and fluency of performance. Absorption by activity refers 

to a sense of feeling fully involved in some task, whereby a user’s sense of the passage of 

time and awareness of their own behaviour falls away. It is suggested that flow is a 
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neurologically meaningful state, where brain structures enabling self-reflection are 

inhibited during instances of high task demand (Goldberg, Harel, & Malach, 2006; 

Engeser, 2008). In contrast, fluency of performance entails a strong level of focus and 

concentration, coupled with clear goals and a marked sense of control over one’s actions 

(Weibel et al., 2008). These flow-based immersion constructs have been employed in the 

present research. Validation of flow-based measures of immersion is important insofar as 

researchers are interested in assessing the suitability of VR systems for learning and 

knowledge transfer. Flow-based experiences, especially pronounced concentration and 

absorption, are thought to be components of meaningful learning in terms of depth of 

cognitive processing and performance (Shernoff and Csikszentmihalyi, 2009). In turn, it 

is crucial to understand how perceived telepresence and interactivity impact an 

individual’s immersion in activities performed in a VR setting.  

 

2.3.5. Relationships Among Virtual Reality Psychological Experience 

Constructs 

 

Figure 2. Model of relationships among telepresence, immersion, interactivity, and 

satisfaction from Mütterlein (2018). 
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The literature has yet to establish a unified account of the relationships between 

users’ psychological experiences in VR. Emphasizing the interdependent nature of 

telepresence, immersion, and interactivity, Mütterlein (2018) proposes the model shown 

above in Figure 2, where HA+, HB+, HC+, and HD+ all represent hypotheses of direct 

positive relationships between VR experience constructs, which were supported by the 

author’s analysis. In this study, the author administered a 16-item post-test questionnaire 

regarding subjective experiences of telepresence, interactivity, and immersion to a sample 

of 294 visitors following a 30-minute exercise conducted using an HTC Vive VR 

headset. Results from a factor analysis showed all items predictably loaded onto the 

proposed constructs, including both dimensions of flow (i.e. absorption by activity and 

fluence of performance) described in the previous section. Further assessment using a 

partial-least squares approach provided statistical support for the aforementioned 

relationships. 

Telepresence was found to have a direct positive impact on immersion, suggesting 

that one must first feel as though they are sufficiently present in a virtual environment to 

experience a sense of immersion in tasks they are performing. In addition, interactivity 

was also demonstrated to have a direct positive impact on both immersion and 

telepresence. This finding suggests that the user experiencing feedback from interactions 

and establishing a sense of control over content, as opposed to passively consuming it, 

was crucial for achieving a heightened sensation of being present in the virtual world, as 

well as high levels of absorption and concentration. Though less relevant to the current 

discussion, participants’ level of immersion was shown to have a significant positive 

impact on their overall satisfaction during use of the system, which represents an 
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important consideration in ensuring that design decisions around VR devices remain 

empathetic to the experiences of the user. The present research will adopt similar 

analytical methods in an attempt to validate the proposed relationships between 

interactivity, immersion, and telepresence, while also investigating potential effects on 

pilots’ levels of SA during a flight exercise in a VR simulator.  

2.3.6. Effects of Virtual Reality Psychological Experiences on Situation 

Awareness 

Research on design for immersive VR technology has long been focused on the 

attributes of a system that facilitate a sense of being physically present in a simulated 

environment (Riley, Kaber, & Draper, 2004). Telepresence is often treated as an indicator 

of the “ecological validity” of VR devices, and it is thought to be a necessary condition 

for potential transfer of skills and knowledge acquired in virtual training conditions to 

real-world contexts (Mestre, 2006). Buttussi and Chittaro (2018) compared participants’ 

knowledge retention and reported self-efficacy, engagement, and telepresence after 

completing a serious game (i.e. a game intended for training purposes rather than 

entertainment) on aviation safety procedures using different VR displays. Three VR 

displays were evaluated: a desktop VR display, an HMD with a narrow field of view and 

a tracker with 3 degrees of freedom (DOF), and an HMD with a wide field of view and a 

tracker with 6 DOF. The authors found that participants reported significantly higher 

telepresence and engagement when comparing results from the desktop display with the 

6-DOF tracker HMD. Though knowledge retention after two weeks and reported self-

efficacy did not differ significantly across display type, the authors suggest that the 

increased engagement associated with the higher-fidelity display may make individuals 
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more likely to repeat the exercise. Johnson-Glenberg (2018) suggests that immersive VR 

environments offer two profound affordances that have serious implications for user 

learning and skill transfer. An affordance may be characterized as a design attribute, 

which signals a possible action that is readily perceived by an agent (Norman, 1988). 

Johnson-Glenberg identifies the first affordance as the feeling of telepresence, and the 

second as the sense of agency stemming from the manipulation of simulated content (i.e., 

interactivity). It is thought that experiences of telepresence contribute to a heightened 

limbic state, which positively affects an individual’s level of attention and engagement 

(i.e. immersion). In contrast, highly “agentic” learning may positively impact an 

individual’s ability to recall elements of declarative knowledge, such as attributes of 

spatial layout. For these reasons, VR technology seems well-poised to offer a robust 

flight training environment for pilots that is conducive for building long-term memory 

structures (i.e. mental models and schema), which support improved SA outcomes in 

real-world flight. 

Moreover, it has been suggested that if a user experiences a sensation that they are 

directly integrated within the virtual environment, as opposed to interacting with it 

through some medium, they may achieve enhanced task performance (Bystrom, Barfield, 

& Hendrix, 1999). Though performance is generally thought to improve as SA improves, 

strong or weak SA does not guarantee corresponding performance outcomes (Endsley, 

1990; Jung, Jo, & Myung, 2008). In an evaluation of mission effectiveness among teams 

of pilots, Endsley (1990) found that pilots with strong SA were only able to achieve good 

performance in certain conditions, namely when the rules of engagement permitted 

certain courses of action, when pilots had the right tactical capabilities to take advantage 
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of their knowledge, and when the right decision was made for the situation (i.e. on the 

basis of SA). Moreover, pilots with low SA were able improve their performance through 

behavioural modification. For example, individuals may perform better in contexts where 

their knowledge is inadequate by choosing more conservative courses of action.  

A number of studies have reported significant positive correlations between SA 

and subjective experiences of telepresence. Prothero et al. (1995) suggest that 

telepresence and SA are closely related concepts, in that both require an individual to 

have awareness of “self-orientation and self-location” with regard to their environment. 

He et al. (2018) found that enhancing the vividness of a VR simulation, as well as its 

level of interactivity, helped to increase participants’ SA. The authors suggest that 

providing rich detail in design facilitates continuity in the believability of the experience, 

which helps users avoid “breaks in presence” that might hinder their awareness. 

Perceived telepresence, including effective suppression of external stimuli, may be a 

necessary precondition for an individual to achieve normal SA in a virtual environment. 

In addition, Jung et al. (2008) report a strong positive correlation between SA and 

presence, and between presence and performance on a combat-based flight simulator 

game. However, it should be noted that the authors performed their evaluation on a 

desktop VR system as opposed to an immersive VR system, such as a head-mounted 

display. Lapataned (2006) also reports a positive association between presence and SA, 

though no association was observed between SA and performance and between presence 

and performance.  

Less is known about the specific effects of perceived interactivity and immersion 

on SA in VR environments. Interactivity is likely to be impacted by attributes, such as the 
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speed in which user input is represented in the environment, the range of possible actions 

available to the user, and the predictability of the responses generated by user inputs 

(Reed & Saleem, 2017). It is possible that users who experience strong levels of 

perceived interactivity will achieve better SA, as high levels of interactivity suggest the 

user is highly focused on elements of the virtual environment and effectively filtering out 

external noise stimuli. Moreover, interactivity appears to play a crucial role in enabling 

telepresence. Insofar as a positive relationship exists between telepresence and SA, 

interactivity may also have an indirect positive impact through telepresence experience.  

The current study employs a flow-based conceptualization of immersion. Flow is 

thought to be a significant predictor of educational performance outcomes in the context 

of attention- and memory-demanding activities, such as exam writing (Engeser et al., 

2006; and Schüler, 2007). It is possible that achievement of marked concentration and 

task absorption during the experimental exercise will result in improved SA outcomes by 

limiting attention placed on unrelated stimuli. Participants that report strong experiences 

in all three areas may thus demonstrate stronger SA, so long as the stimuli created by the 

virtual environment that enable telepresence, immersion, and interactivity do not create 

competition for an individual’s attention and memory resources.  

2.3.7.  Effects of Age on Virtual Reality Psychological Experiences 

 The VR literature currently offers a limited body of research directly exploring 

the effects of age on users’ psychological experiences in VR. Research by Bangay and 

Preston (1998) exploring factors affecting individual’s experiences in VR environments 

identified age as having a negative effect on participants’ sense of telepresence. The 

authors note that participants in their oldest age bracket (35-45 years) provided lower 
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scores for telepresence, but higher scores for sense of control over the environment. In 

contrast, Corriveau Lecavalier et al. (2018) compared episodic memory performance of 

participants over and under the age of 57 across VR and real-life test conditions. The 

authors also looked at participants’ reported telepresence, motivation, and cybersickness 

and found there to be no significant difference in perceived telepresence across age 

groups. Interestingly, memory performance in the VR test condition was shown to be 

positively correlated with performance in traditional conditions for both age groups, 

suggesting the validity of VR devices in cognitive assessment.  

Age may or may not have a relation to participants’ reported immersion in a 

simulated environment. Payne et al. (2011) investigated flow among adults between 60 

and 94 years old and found that an individual’s ability to achieve a flow state is not 

negatively compromised by age. Instead, more cognitively demanding activities (e.g. 

working or participating in an educational/classroom activity) were shown to result in 

higher levels of flow among individuals with greater fluid intelligence, while lower levels 

of flow were observed among those demonstrating low levels of fluid intelligence. The 

pattern was reversed in the context of activities presenting a low cognitive load (e.g. 

socializing or exercising). The present research will address gaps in the literature by 

evaluating correlations between age and an individuals’ perceived telepresence, 

interactivity, and immersion. 
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3. Hypotheses and Model Building Process 

3.1. Main Hypotheses 

The primary purpose of the present research was to model the direct and indirect 

effects of three factors of pilots’ psychological experiences during VR exposure, 

interactivity, telepresence, and immersion, on their ability to achieve SA at the first and 

second level. The first level of SA entails perception of relevant information, while the 

second level concerns comprehension of the significance of that information. Three main 

hypotheses were investigated.  

3.1.1. Telepresence has a direct positive effect on both SA Level I (H1a) and 

SA Level II (H1b) 

A number of studies exploring the impact of VR attributes on participant SA 

report a strong, positive association between telepresence and SA (Laptaned, 2006; Jung 

et al., 2008; and He et al., 2018). Perceived telepresence, or the experience of realizing 

oneself as physically existing within a simulated environment, may be a necessary 

precondition for an individual to achieve normal SA when using a VR system.  

3.1.2. Interactivity has a direct, positive effect on both SA Level I (H2a) and 

SA Level II (H2b) 

Telepresence appears to be closely related to interactivity. The perceived capacity 

for action may be an integral factor in enabling an individual to experience the sensation 

of physical presence in VR conditions. It is possible that users who experience strong 

levels of perceived interactivity will achieve better SA, as high levels of interactivity 

suggest that the user is focused on elements of the virtual environment and effectively 

filtering out external noise stimuli.  
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3.1.3. Immersion has a direct, positive effect on both SA Level I (H3a) and 

SA Level II (H3b) 

The present study uses a flow-based definition of immersion, which refers to a 

psychological state of optimal experience, where an individual is entirely absorbed in an 

activity (Csikszentmihalyi, 1990). Flow has been observed to be a significant predictor of 

performance in the context of activities demanding a high level of attention and memory 

(Engeser et al., 2006; and Schüler, 2007). It was expected that participants who achieved 

stronger flow states would be more likely to demonstrate better levels of SA I and II in 

the experimental exercise.  

3.2. Validation of Factors 

3.2.1. Validation of Virtual Reality Psychological Experience Factors  

The first step in the model-building process involved validation of factors for 

telepresence, interactivity, and immersion. Moreover, relationships between factors were 

investigated according to the model proposed by Mütterlein (2018). The author suggests 

that interactivity has a direct positive effect on both telepresence and immersion, and that 

telepresence positively affects immersion. 

3.2.2 Validation of Experience Factor 

Pilot experience is an important factor in models of pilot performance, as higher 

levels of experience are expected to be associated with better performance. Including 

experience as a factor will permit ecological validity testing for other model factors, such 

as SA. Experience was constructed as formative (composite) variable, where multiple 
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variables, such as license level and total hours flown, each contribute unique aspects of 

expertise to the factor. 

3.2.3. Validation of Situation Awareness Factors 

The final step in the measurement model validation phase involved constructing 

the factors for SA Levels I and II. The present research uses Endsley’s (1995a) model of 

SA and the Situation Awareness Global Assessment Technique (1995c) (see section 4.3.4 

for more information), which are well-validated and widely cited in the SA literature. 

Given the reliability of this model and technique, a direct positive relationship between 

SA Level I and SA Level II was expected. Additionally, the cognitive processes that 

facilitate SA acquisition are thought to be sensitive to age-related decline. As a result, the 

present work expected age to be negatively correlated with both SA Level I and SA Level 

II. However, there is evidence to suggest that the impact of age-related cognitive changes 

is reduced in situations in which an individual is highly experienced (Bolstad & Hess, 

2000). Experience was expected to be positively correlated SA Level I and SA Level II, 

thus moderating the relationships between age and SA at both levels. 

3.3. Supplementary Hypotheses 

As a secondary focus, the current study examined effects of age on the proposed 

VR psychological experience factors. Investigating these relationships also helped to 

identify any peripheral moderating influences on the relationships between the VR 

psychological experience factors and SA. Three supplementary hypotheses were 

examined.  
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3.3.1. Age has a direct, positive effect on interactivity (H4); age has a direct, 

negative effect on telepresence (H5); and age does not have a direct 

effect on immersion (H6) 

A 1998 study by Bangay and Preston exploring factors affecting individual’s 

experiences in VR environments identified age as having a negative effect on 

participants’ sense of telepresence. In contrast, participants in their oldest age bracket 

(35-45 years) reported higher scores for sense of control over their environment (i.e. 

interactivity). Unlike telepresence and interactivity, an individual’s ability to achieve a 

flow state is not thought to be impacted by age. 

3.4. Model of Psychological and Pilot Factors Influencing Situation Awareness in 

Virtual Reality 

Table 1 provides a summary of the study’s main and supplementary hypotheses, as 

well as the steps of the model-building process. Figure 3 illustrates the combined model 

of all relationships that were evaluated in the context of the present work.  
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Table 1.  

Summary of All Primary and Supplementary Hypotheses, As Well As Intermediate 

Validation Steps in Creation of the Combined Model 

Hypotheses and Model Building Processes 

Relationships between VR psychological experience factors 

and SA 

H1a: Interactivity has a direct, positive effect on SA Level I 

H1b: Interactivity has a direct, positive effect on SA Level II 

H2a: Telepresence has a direct, positive effect on SA Level I  

H2b: Telepresence has a direct, positive effect on SA Level II 

H3a: Immersion has a direct, positive effect on SA Level I  

H3b: Immersion has a direct, positive effect on SA Level II 

 Steps: 

(one) Validation of VR psychological experience factors 

Interactivity has a direct, positive effect on telepresence 

Interactivity has a direct, positive effect on immersion 

Telepresence has a direct, positive effect on immersion 

(two) Validation of SA factors 

SA Level I has a direct, positive effect on SA Level II  

Age has a direct, negative effect on SA Level I  

Age has a direct, negative effect on SA Level II  

Experience has a direct, positive effect on SA Level I  

Experience has a direct, positive effect on SA Level II 

(supplementary hypotheses) Moderating effects of age on VR 

psychological experience factors 

H4: Age has a direct, positive effect on interactivity 

H5: Age has a direct, negative effect on telepresence  

H6: Age does not have a direct effect on immersion 
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Note: The dashed line and +/- icon represents an expected non-significant relationship between age and immersion 

Figure 3. Proposed model of psychological and pilot factors influencing pilot SA in virtual reality. 
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4. Method 

All testing took place in the Advanced Cognitive Engineering Laboratory at 

Carleton University, with ethics approval granted by Carleton University Ethics Approval 

Board-B (see Appendix A). The research discussed in this thesis is a subset of a study 

exploring the development of cognitive testing tools for general aviation pilots. The 

larger study involved participants completing two test sessions, the first in a traditional 

flight simulator, and the second in a VR flight simulator. As a result of this arrangement, 

completion of introduction and consent procedures, as well as collection of demographics 

information was carried out during session one. However, only methodological 

considerations and findings relevant to the second session are covered in this thesis.  

4.1. Participants 

 Data was collected from a total of 47 participants. Fifty-one individuals 

completed session one testing and submitted demographics information, though four 

were unable to return for the second session; as a result, this data is omitted from the 

following discussion. The majority of participants were recruited through flyers posted at 

Ottawa-region flight clubs in Ontario, Canada. In addition, some participants were 

contacted as the result of having completed earlier ACE lab aviation studies and 

providing consent to be added to a mailing list for laboratory research. Eligibility criteria 

for participation in the study included individuals who were in possession of a valid 

pilot’s license or permit and medical certificate, and had flown as pilot in command 

within the past two years. A summary of participant demographic information is provided 

below in Table 1. Participants were between 17 and 71 years old (M = 47.13, SD = 

17.42), had logged between 2 and 12,000 total flight hours (M = 1384.85, SD = 2684.51), 
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had served between 0 and 582 hours as pilot in command within the last two years (i.e., 

recent hours) (M = 14.77, SD = 14.34), and had been licensed between 1 and 70 years (M 

= 50.83, SD = 100.12). Pilot licensure was categorized into six levels, ranging from 1- 

student pilot, to 6- airline, air transport, or military pilot. The most common license/rating 

was “4 - visual flight rules with additional ratings” (see Table 2 Notes for the full list of 

ratings). Food and beverages were provided in lieu of financial compensation.  

Table 2.  

Participant Characteristics 

 Age Total Hours 

Flown 

Recent 

Hours 

Total Years 

Licensed 

License 

Level 

Minimum  17 2 0 1 1 

Maximum 70 12,000 582 70 6 

Mean 47.13 1384.85 50.83 14.77 4.09 

SD 17.42 2684.51 100.12 14.34 1.38 

Notes. License level was based on a six-point scale, where 1 - student permit, 2 – 

recreational permit, 3 – visual flight rules (no additional ratings), 4 – visual flight rules 

with additional ratings, 5 – instrument rated, commercial, and instructors; and 6 – airline 

transport.  

4.2. Materials 

During the flight exercise, participants wore an Oculus Rift headset and flew in a 

simulated Cessna 172 aircraft, which was rendered using Lockheed Martin’s Prepar3D 

software. In place of a traditional simulator cockpit, the ACE lab engineering team 

created a flight control unit (Figure 4) using an adjustable seat, a set of rudder pedals, and 

a yoke, throttle, and flaps, which were installed into a wooden panel and set atop a desk. 

Only the primary flight instruments (“the 6-pack”) and these engine controls were 

responsive in the virtual aircraft. Participants were also provided with a laboratory 

computer to complete all session questionnaires, which were generated using Google 
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Forms. A second, separate component of this session involved performance and work 

load testing using NASA’s Multi-Attribute Task Battery II software.  

 

Figure 4. (R-L, top-bottom) Oculus Rift VR headset, sensor, and prototype flight control 

unit, including yoke, throttle, and flaps; administrator view of the simulated environment 

and geographical tracking of flight; and rudder pedals accompanying flight control. 

4.3. Procedure 

4.3.1. Introduction and Demographics Questionnaire 

During the first session, all participants were given an introductory presentation to 

communicate the purpose of the study and provided an overview of experimental tasks 

and equipment. Participants were also given a paper copy of the study consent form (see 

Appendix B) and were asked to provide written confirmation of their intention to 

participate in both sessions. Researchers verbally reiterated the right of voluntary 

participation and provided an opportunity for participants to express any questions or 

concerns. Participants were also reminded of the small potentiality for experiencing 
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negative simulator sensations (e.g., queasiness, dizziness, etc.), and were asked to alert 

researchers at the onset of any such symptoms. Following the presentation, participants 

were asked to complete a questionnaire, which was designed to collect general 

background information, such as age, as well as information pertaining to each 

participant’s flight experience, including total number of flight hours, years licensed, and 

highest level of licensing at the time of the study.  

4.3.2. Training 

Participants were asked to complete a preliminary practice flight at the simulated 

Rockcliffe Aerodrome (CYRO) in Ottawa, Ontario, Canada. The practice flight consisted 

of two left-hand circuits, completed without any additional task requirements; this 

exercise was intended to help participants become accustomed to the VR environment 

and to any sensitivities created by the prototype controls. Time was also taken to ensure 

the comfort of the headset and to make any adjustments needed to improve visual clarity. 
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4.3.3. Flight Mission 

 

Figure 5. Topographical view of pilot flight path partitioned into zones, where P1-P3 

represent planned SAGAT freezes. 

The flight mission lasted ~35-45 minutes, and consisted of a four-leg route, which 

was completed in environmental conditions clear enough to permit the use of visual flight 

rules. Prior to the beginning of the exercise, participants were provided a general flight 

plan and notified that they would be given specific directions pertaining to airspeed, 

heading, and altitude over the duration of the flight. The exercise was designed in this 

manner to avoid participants flying off course, and to ensure that participants were not 

advantaged or disadvantaged in completing the experimental tasks. Individuals were also 

shown a map of the location of their flight and relevant airports, which was partitioned 

into nine zones (see Figure 5). A similar map was represented as an instrument within the 
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virtual Cessna cockpit, and participants were asked to mentally track their zone 

placement throughout the flight. Participants were notified that though they would be 

hearing radio calls coming over the headset, the airfield in the virtual environment was 

uncontrolled, and other aircraft were not visually represented in the simulation. 

Participants were advised to read back all instructions they were given to ensure that the 

information was accurately communicated.  

4.3.4. Situation Awareness Task  

An SA-testing protocol was developed in accordance with recommendations made 

by Endsley (1995c) for the Situation Awareness Global Assessment Technique 

(SAGAT). In particular, freezes occurred at random intervals, with system displays being 

removed from the participant’s field of view, and questions being administered 

immediately. SA freezes occurred at three different points during the flight (see markers 

P1-P3 above in Figure 5). Using controls on the Prepar3D interface, the simulation was 

paused, and the visual display of the Oculus Rift was temporary turned off. During this 

time, participants remained seated with the headset on, while researchers administered a 

set of questions related to pilot SA called the CanFly queries (Table 3). To avoid any 

distraction or disorientation caused by the freeze, researchers provided participants with a 

quick verbal warning that a pause was occurring and that their visual display would 

appear completely black.  

Participants were administered a total of 24 questions, which were delivered across 

three SA freezes. Questions tested participant SA at three levels according to Endsley’s 

model (1988), with 16 queries focusing on Level I SA (e.g., “State the call sign of the 

aircraft who most recently reported their position”), 6 on Level II (e.g., “Your current 
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position is in what zone?”) and 2 on Level III (e.g., “What aircraft was of most relevance 

to you? State the type and location.”). The larger proportion of questions at the first level 

of SA aligned with findings from Endsley and Jones (2012), which report that ~75% of 

SA errors can be attributed to issues in Level I SA, while only 19% can be categorized at 

Level II, and 6% at Level III. All participants received queries in the same order and 

experienced SA freezes at approximately the same time frame within the flight. 

Following data collection, individual scores were calculated for each CanFly query item. 

Table 3 indicates sample queries for each level of SA.  

Table 3.  

Sample CanFly Queries and Level of SA 

Question SA Type 

State the call sign of a particular aircraft  1 

State the last reported position of a particular aircraft 1 

Indicate your current position 2 

State your current airspeed 1 

State the intended actions of a particular aircraft 1 

What was the reported wind direction  1 

What aircraft was of most relevance to you... type and 

location 

2 and 3 
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4.3.5. VR Psychological Experiences Questionnaire 

VR psychological experiences are typically evaluated using subjective measures, 

with post-test questionnaires representing the most common method adopted by 

researchers, especially in the context of telepresence research (van Baren and IJsselsteijn, 

2004). Sheridan (1992) suggests that since such experiences are “mental manifestations” 

they ought to be evaluated through subjective methods. In the case of users’ 

psychological experiences of VR environments, post-test questionnaires generally offer a 

high level of validity (i.e. they appear to measure the intended concept), are simple to 

administer, and relatively straight-forward to analyze (van Baren and IJsselsteijn, 2004). 

In the present study, participants were administered a 12-item post-test 

questionnaire (shown below in Table 4), which was adapted from the work of Mütterlein 

(2018). These items assessed user’s subjective psychological experiences within the VR 

environment across 3 constructs: telepresence (e.g. “The content of the Oculus Rift 

seemed to be somewhere I visited rather than something I saw”), interactivity (e.g., “I had 

the feeling that I could influence the virtual world of the Oculus Rift”), and flow-based 

immersion, the latter of considered immersion across two dimensions, absorption by 

activity (e.g., “I didn’t notice time passing”) and fluency of performance (e.g., “My 

thoughts and movements felt effortless”). 
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Table 4.  

VR Psychological Experiences Questionnaire 

No. Item 

Telepresence 

1 
The Oculus Rift created a new world for me, and this new world suddenly 

disappeared when the exercise ended. 

Strongly disagree 1    2    3    4    5    6    7 Strongly agree 

2 When I removed the Oculus Rift, I felt as if I returned to the “real world” after 

a journey. 

Strongly disagree 1    2    3    4    5    6    7 Strongly agree 

3 I forgot about my immediate surroundings when I was using the Oculus Rift. 

Strongly disagree 1    2    3    4    5    6    7 Strongly agree 

4 The content of the Oculus Rift seemed to be “somewhere I visited” rather than 

“something I saw”. 

Strongly disagree 1    2    3    4    5    6    7 Strongly agree 

Immersion: Fluency of Performance 

5 I had no difficulty concentrating. 

Strongly disagree 1    2    3    4    5    6    7 Strongly agree 

6 My mind was free to focus on flying 

Strongly disagree 1    2    3    4    5    6    7 Strongly agree 

7 My thoughts and movements felt effortless. 

Strongly disagree 1    2    3    4    5    6    7 Strongly agree 

Immersion: Absorption  

8 
I didn’t notice time passing. 

Strongly disagree 1    2    3    4    5    6    7 Strongly agree 

9 I was totally absorbed in what I was doing. 

Strongly disagree 1    2    3    4    5    6    7 Strongly agree 

Interactivity 

10 The Oculus Rift content allowed me to interact with the virtual world.  

Strongly disagree 1    2    3    4    5    6    7 Strongly agree 
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11 I had the feeling that I could influence the virtual world of the Oculus Rift.  

Strongly disagree 1    2    3    4    5    6    7 Strongly agree 

12 The Oculus Rift content was interactive. 

Strongly disagree 1    2    3    4     5    6    7 Strongly agree 

 

4.3.6. Debriefing  

Following the completion of the experimental exercises, participants were given 

time to rest and pose any questions they might have to the attending researcher. A form 

with all pertinent study and contact information was also provided to participants at the 

end of the session.
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5. Results 

Path analyses using partial least squares modeling were conducted to investigate 

relationships between three attributes of pilots’ psychological experiences during VR 

exposure, telepresence, interactivity, and immersion (evaluated across two dimensions, 

fluency of performance and absorption by activity), as well as relationships to 

participants’ Level I and II SA. Effects of age and experience on SA were also examined, 

as well as the effects of age on participants’ VR experiences. Path analysis using partial 

least squares modeling was chosen for its suitability in handling datasets derived from a 

small population where mediating and moderating effects are of interest (Hair et al., 

2014). Results were analyzed using WarpPLUS v. 6.0 (Kock, 2018). It should be noted 

that the reported beta values for the direct and indirect relationships discussed in this 

paper do not necessarily represent linear relationships. The underlying algorithms in the 

modeling software search for the relationship that best fits a pair of latent variables, 

which may be non-linear. 

5.1. Validating the Measurement Models 

The first step in any the model-building process is the construction of valid 

measurement models. As will be shown below, all factors in the final model (see Figure 

8) showed acceptable quality in terms of factor loadings or weights and demonstrated the 

expected relationships with other factors.  

5.1.1. VR Psychological Experience Measurement Model Validation 

 Regarding the proposed VR psychological experience constructs, responses to 

the 12-item questionnaire were first analyzed in SPSS using partial using principal 

component analysis (PCA) with oblique (direct oblimin) rotation. PCA was chosen in this 
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context instead of confirmatory factor analysis, as the language in the questionnaire items 

was changed from that of the original instrument used in Mütterlein (2018) to better fit 

the current study. Moreover, the method for the present research and population tested 

was different from that of Mütterlein (2018). Oblique rotation was chosen over 

orthogonal rotation, as the VR experience factors were expected to be correlated. All 

items correlated at .30 or greater with at least one other item, suggesting reasonable 

factorability. Correlations are shown below in Table 5.
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Table 5.  

Correlations Among VR Psychological Experience Questionnaire Items 

No.  Description 2 3 4 5 6 7 8 9 10 11 12 

1 The Oculus Rift created a new world for me, and this new 

world suddenly disappeared when the exercise ended.  

.66** .40** .51** .28* .15 .21 .04 .28* .25* .29* .09 

2 When I removed the Oculus Rift, I felt as if I returned to 

the “real world” after a journey.  

- .32* .38** .29* .04 .21 .24 .28* .17 .38** .08 

3 I forgot about my immediate surroundings when I was 

using the Oculus Rift.  

 
- .37** .25* .07 .10 .38** .43** .51** .47** .41** 

4 The content of the Oculus Rift seemed to be “somewhere 

I visited” rather than “something I saw”.  

  
- .34** .03 .06 .10 .13 .25* .19 -.12 

5 I had no difficulty concentrating.  
   

- .58** .45** .08 .36** .06 .30* .01 

6 My mind was free to focus on flying.  
    

- .62** .05 .37** .13 .26* .17 

7 My thoughts and movements felt effortless.  
     

- .21 .44** .09 .42** .17 

8 I didn’t notice time passing.  
      

- .46** .36** .36** .39** 

9 I was totally absorbed in what I was doing.  
       

- .55** .61** .57** 

10 The Oculus Rift content allowed me to interact with the 

virtual world. 

        
- .61** .69** 

11 I had the feeling that I could influence the virtual world of 

the Oculus Rift. 

         
- .48** 

12 The Oculus Rift content was interactive.  
          

- 

*.Correlation is significant at the .05 level (2-tailed), **.Correlation is significant at the .01 level (2-tailed)  
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In addition, the Kaiser-Meyer-Olkin measure verified the sampling adequacy for 

the analysis, KMO = .74, which is above the commonly acknowledged threshold of .60. 

When considering the anti-image correlation matrix (another measure of sampling 

adequacy), diagonal values for all items exceeded the acceptable level of .50. Three 

factors were identified with Eigenvalues over 1.0, which together explain 66.66% of the 

variance in users’ VR psychological experience assessments. Table 6 shows the rotated 

factor loadings for each item. Factor one has been identified as “interactivity”, factor two 

as “telepresence”, and factor three as “immersion–fluency”. 
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Table 6.  

Rotated Factor Loadings for Each VR Psychological Experience Questionnaire Item 

No.  Item Mean SD F1 F2 F3 

Telepresence 

1 The Oculus Rift created a 

new world for me, and this 

new world suddenly 

disappeared when the 

exercise ended.  

4.47 1.73 .02 .83 .07 

2 When I removed the 

Oculus Rift, I felt as if I 

returned to the “real world” 

after a journey.  

4.51 1.68 .08 .75 .04 

3 I forgot about my 

immediate surroundings 

when I was using the 

Oculus Rift.  

5.00 1.73 .57 .43 -.11 

4 The content of the Oculus 

Rift seemed to be 

“somewhere I visited” 

rather than “something I 

saw”.  

4.12  1.74  -.07  .82  -.04  

Immersion: Fluency of performance 

5 I had no difficulty 

concentrating.  

5.51  1.52  -.11  .31  .73  

6 My mind was free to focus 

on flying.  

5.89  1.29  .02  -.13  .90  

 

7  My thoughts and 

movements felt effortless.  

5.40  1.53  .10  -.04  .82  

Immersion: Absorption by activity 

8  I didn’t notice time 

passing.  

5.23  1.66  .64  -.01  -.02  

9  I was totally absorbed in 

what I was doing.  

5.98  1.00  .68  .03  .36  

Interactivity 

10  The Oculus Rift content 

allowed me to interact with 

the virtual world. 

5.85  1.08  .85  .09  -.12  

11  I had the feeling that I 

could influence the virtual 

world of the Oculus Rift. 

4.62  1.80  .65  .16  .25  

12  The Oculus Rift content 

was interactive.  

5.60  1.26  .90  -.25  -.01  

Eigenvalues 

% of variance 

  4.35  1.91  1.74  

  36.25  15.92  14.50  



 57 

Chronbach’s Alpha   .82  .76  .78  

Notes: PCA converged in 7 iterations; factor loadings > .50 shown in bold 

Three factors were created to represent VR psychological experiences: 

interactivity, telepresence, and immersion–fluency. Items 3 and 9-12 were used as 

indictors for interactivity; items 1, 2, and 4 as indicators for telepresence; and items 5-7 

as indicators for immersion–fluency. Item 8 from the VR psychological experiences 

questionnaire (relating to perceived passage of time) was eliminated during the 

measurement model validation phase, as its addition lowered the composite reliability 

coefficient and average variance extracted (AVE) for the interactivity factor. 

Next, a simple model including only the three VR experience factors was tested. 

As shown in Figure 6, interactivity was observed to have direct, positive effects on both 

telepresence,  = .49, p < .01, as well as immersion–fluency,  = .41, p < .01. Moreover, 

telepresence had a direct, positive effect on immersion–fluency,  = .28, p < .01. 

Telepresence was also shown to have a significant mediating effect on the relationship 

between interactivity and immersion–fluency,  = .14, p =.02.  

 

Figure 6. Model of relationships among VR psychological experiences.
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5.1.2. Experience Measurement Model Validation  

Experience was a formative variable, comprising indicators made up of pilots’ 

certification level, total years licensed, total hours flown, and hours flown as pilot in 

command within the last two years. In the case of formative variables, indictors are not 

expected to be correlated with one another. As shown in Table 7, the weights for each 

indicator were significant, and were thus retained in the final measurement model. 

5.1.3. Situation Awareness Measurement Model Validation 

Two reflective latent variables were initially created for Level I and II SA, which 

contained all items from the CanFly queries. Increasingly granular SA constructs were 

created on the basis of the similarity of question type, and indicators were removed if 

they resulted in factor loadings below .50, or if they reduced the AVE score of the latent 

variable when included. The Level I SA variable involves processing of auditory 

information related to the activity of neighboring aircraft, comprising indicators made up 

of two items representing the relative position of other aircraft. The Level II SA variable 

involves comprehension of the location of one’s ownship relative to neighbouring aircraft 

and was comprised of two indicators reflecting ownship position and the details of other 

aircraft most relevant to the trajectory of the participant. An examination of the latent 

variable coefficients revealed composite reliability coefficients of .67 and .78, and AVE 

scores of .50 and .64, confirming the viability of both SA Level I and II variables, 

respectively.  Other similar items with less than ideal loadings were removed from the 

measurement model in order to present the strongest SA variables possible. 

As shown below in Figure 7, relationships were evaluated among the two SA 

factors and with age and experience to confirm ecologically validity of the factors. 
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Previous work has shown that SA Level I should directly predict SA Level II; moreover, 

while pilot age tends to negatively impact SA at both the first and second level, 

experience should positively affect SA at both levels (Van Benthem et al., 2011). SA 

Level I was observed to have a direct positive effect on SA Level II,  = .32, p < .01. Age 

was shown to have a direct, negative impact on both Level I SA,  = -.22, p =.01, as well 

as Level II SA,  = -.39, p < .01. Finally, as expected, experience had a significant, 

positive effect on SA Level I,  = .27, p<.01, as well as SA Level II,  = .23, p<.01.  

 

Figure 7. Model of relationships among SA Level I, SA Level II, age, and experience. 

5.1.4. Measurement Model Summary 

In summary, six reflective latent variables and one formative variable were 

integrated into the model. All reflective latent variables had composite reliability 

coefficients above .70 and resulted in AVE values greater than or equal to the 

recommended .50 threshold (Kock, 2018). Composite reliability coefficients and AVE 
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are not reported for formative indicators. The indicators for the reflective variables used 

in the subsequent analysis met the acceptability criteria outlined by Kock (2018), which 

include factor loadings above .5 and p-values below .05. Regarding the indicators for the 

formative experience construct, indicator weights and p-values are reported, where 

weights with p-values below .05 were considered valid. See Table 7 for a complete list of 

indicator acceptability criteria values, and Table 8 for a list of the AVE values and 

composite reliability coefficients for all reflective variables in the model.  

Table 7. Indicator Acceptability Criteria Values 

Variable Indicator description Indicator 

weights 

Factor 

loadings 

p-

value 

Experience* Total hours flown .32 - <.001 

Experience* Recent hours .32 - <.001 

Experience* Total years licensed .32 - <.001 

Experience* License level .32 - <.001 

Telepresence The Oculus Rift created a new 

world for me, and this new 

world suddenly disappeared 

when the exercise ended.  

- .89 <.001 

Telepresence When I removed the Oculus 

Rift, I felt as if I returned to the 

“real world” after a journey.  

- .83 <.001 

Telepresence The content of the Oculus Rift 

seemed to be “somewhere I 

visited” rather than “something I 

saw”.  

- .74 .006 

Immersion-

fl. 

I had no difficulty 

concentrating.  

- .80 <.001 

Immersion-

fl. 

My mind was free to focus on 

flying.  

- .89 <.001 

Immersion-

fl. 

My thoughts and movements 

felt effortless.  

- .82 <.001 
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Interactivity I forgot about my immediate 

surroundings when I was using 

the Oculus Rift.  

- .69 <.001 

Interactivity I was totally absorbed in what I 

was doing.  

- .80 <.001 

Interactivity The Oculus Rift content allowed 

me to interact with the virtual 

world. 

- .86 <.001 

Interactivity I had the feeling that I could 

influence the virtual world of 

the Oculus Rift. 

- .80 <.001 

Interactivity The Oculus Rift content was 

interactive.  

- .80 <.001 

SA1 State the last reported position 

of Papa Hotel Victor 

- .80 <.001 

SA1 State the last reported altitude of 

Gulf Hotel India 

- .80 <.001 

SA2 Your current position is in what 

zone 

- .79 <.001 

SA2 What aircraft was of most 

relevance to you in this last leg 

of flight... state the type and 

location 

- .79 <.001 

Note: Indicator weights are reported for formative variables  

Table 8.  

Average Variance Extracted and Composite Reliability Coefficients for Reflective Models  

Variable Average variance extracted Composite reliability coefficient 

Telepresence .68 .86 

Immersion–fluency .70 .88 

Interactivity .63 .89 

SA1 .50 .67 

SA2 .64 .78 
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5.2. Evaluating the Full Model of Psychological and Pilot Factors on Situation 

Awareness in Virtual Reality 

5.2.1. Model Quality Assessment 

In order to test the study’s main hypotheses, a combined model of all 

psychological and pilot factors was developed. Model data were ranked to mitigate 

against idiosyncratic effects of outliers. During the initial structural modelling process, 

the fit and quality of the model was evaluated using the 10 global indices recommended 

by Kock (2018): average path coefficient (APC), average R-squared (ARS), average 

adjusted R-squared (AARS), average block variance inflation factor (AVIF), average full 

collinearity variance inflation factor (AFVIF), Tenenhaus GoF (GoF), Simpson’s paradox 

ratio (SPR), R-squared contribution ratio (RSCR), statistical suppression ratio (SSR), and 

non-bivariate causality direction ratio (NLBCDR). For APC, ARS, and AARS, p-values 

are assessed, where p  .05 is considered the threshold for acceptance. APC and ARS will 

only increase together if new latent variables added to the model enhance its overall 

predictive value. AARS corrects for erroneous increases in R-squared coefficients 

stemming from low-value variables. High AVIF and AFVIF values indicate a potential 

overlap in the meaning of model variables. It is recommended that both values be equal 

to or lower than 3.3. GoF is a measure of a model’s explanatory power. Wetzels et al. 

(2009) provides the following threshold levels: values equal to or greater than .1 and less 

than .25 are small, values equal to or greater than .25 and less than .36 are medium, and 

values equal to or greater than .36 are large. Any values below .1 indicate that the 

explanatory power of the model is too low to be viable. The SPR represents the extent to 

which paths in the model are free of instances of Simpson’s paradox; the latter occurs 
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when a path coefficient and correlation related to two variables have different signs. A 

value of 1.00 is considered ideal. Path-correlation signs were therefore also investigated, 

and a negative sign was identified for the path between age and telepresence, suggesting 

an incidence of Simpson’s paradox. These conditions suggest that the path between age 

and telepresence is implausible or reversed, so it was removed from the model. RSCR is 

evaluated alongside the SPR and measures the extent to which a model is free of negative 

R-squared contributions, which suggest that the percentage of variance explained is being 

reduced by a predictor. A value of 1.00 is considered ideal for RSCR. SSR assesses the 

extent to which the model is free of instances of statistical suppression, which like SPR 

can indicate causality issues. An SPR value greater than or equal to .70 is considered 

acceptable. NLBCDR evaluates the extent to which “bivariate non-linear coefficients of 

association” support the direction of the causal links in the model. NLBCDR values 

greater than or equal to .70 are considered desirable. Following the elimination of the age 

and telepresence path, all global fit and quality indices were well within satisfactory 

ranges. A detailed summary of these criteria is provided below in Table 9. 

Table 9. 

Global Fit and Quality Indices 

Index Value 

Average path coefficient (APC)* .24 

Average R-squared (ARS)*  .26 

Average adjusted R-squared (AARS)*  .21 

Average block VIF 1.18 

Average full collinearity VIF 1.5 

Tenenhaus GoF .43 

Simpson’s paradox ratio 1.00 

R-squared contribution ratio 1.00 

Statistical suppression ratio .88 

Nonlinear bivariate causality direction ratio .91 

Note: p-values are also reported for APC, ARS, and AARS; in all cases, p < .01 
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5.2.2. Structural Model Evaluation 

The effects of telepresence, interactivity, and immersion–fluency on pilot SA at 

the first and second level were evaluated. Interactivity was shown to have a direct, 

positive impact on pilots’ SA Level I,  = .31, p < .01, validating hypothesis 1a. 

However, no direct relationship was observed between interactivity and SA Level II; 

hypothesis 1b was therefore not supported. Indirect effects of telepresence and 

immersion–fluency also explain a significant portion of the relationship between 

interactivity and SA Level I,  = .19, p = .03. In addition, indirect effects of telepresence, 

immersion–fluency, and SA Level I explain a significant portion of the relationship 

between interactivity and SA Level II,  = .24, p = .01. Telepresence had a direct positive 

impact on pilots’ SA Level I,  = .29, p < .01, and SA Level II,  = .26, p < .01, which 

provides support for hypotheses 2a and 2b. No notable effects were observed between 

immersion–fluency and SA Level I or II. Therefore, neither of hypotheses 3a and 3b were 

supported by the present study. In addition, when the VR psychological experience 

variables were integrated into the combined model, the relationship between experience 

and SA Level I fell below the threshold of significance, SA Level I,  = .16, p = .06. All 

direct relationships are illustrated below in Figure 8. In addition, values for all direct, 

indirect, and total relationships relevant to the model are listed in Tables 10 through 12. 

Table 13 also shows effect sizes for total effects. 
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Note: Solid lines represent significant relationships, dashed lines represent non-significant relationships, and the dotted line 

(between experience and SA Level I) represents a weak, though meaningful relationship 

Figure 8. Model of psychological and pilot factors influencing pilot SA in virtual reality. 
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Table 10.  

Direct Beta Values and p-values for All Latent Variables in the Model 

 

Note: p-values are displayed in brackets 

 

Table 11.  

Indirect Beta Values, Number of Paths, and p-values for Paths with Two Segments 

Note: p-values are displayed in brackets 

 

 

 

 

 Telepresence Immersion–fluency Interactivity SA Level 1 SA Level 2 Age Experience 

Telepresence - - .49 (<.01) - - - - 

Immersion–fluency .27 (<.01) - .41 (<.01) - - -.02 (.42) - 

Interactivity - - - - - .24 (<.01) - 

SA Level 1 .29 (<.01) .11 (.12) .31 (<.01) - - -.27 (<.01) .16 (.06) 

SA Level 2 .26 (<.01) .09 (.17) .05 (.31) .23 (<.01) - -.36 (<.01) .24 (<.01) 

Age - - - - - - - 

Experience - - - - - - - 

 Telepresence Immersion–fluency Interactivity SA Level 1 SA Level 2 Age Experience 

Telepresence - - - - - .12,1, (.05) - 

Immersion–fluency - - .13, 1, (.03) - - .10, 1, (.08) - 

Interactivity - - - - - - - 

SA Level 1 .03, 1, (.33) - .19, 2, (.03) - - .07, 2, (.23) - 

SA Level 2 .09, 2, (.17) .03, 1, (.35) .24, 3, (.01) - - -.08, 3, (.22) .04, 1, (.30) 

Age - - - - - - - 

Experience - - - - - - - 
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Table 12.  

Total Beta Values, Number of Paths, and p-values for All Latent Variables in the Model 

Note: p-values are displayed in brackets 

 

Table 13.  

Effect Sizes for Total Effects of All Latent Variables in the Model 

Note: According to guidelines by Cohen (1988), .02, .15, and .35 represent small, medium, and large effect sizes, respectively. 

 

 Telepresence Immersion–fluency Interactivity SA Level 1 SA Level 2 Age Experience 

Telepresence - - .49, 1, (<.001) - - .12, 1,  - 

Immersion–fluency .27, 1, (.003) - .55, 2, (<.001) - - .11, 3, (.24) - 

Interactivity - - - - - .24, 1, (.003) - 

SA Level 1 .31, 2, (.001) .11, 1, (.06) .51, 4, (<.001) - - -.15, 6, (.02) .16, 1, (.03) 

SA Level 2 .36, 4, (<.001) .12, 2, (.25) .25, 8, (.10) .23, 1, (.01) - -.37, 12, (<.001) .28, 2, (.35) 

Age - - - - - - - 

Experience - - - - - - - 

 Telepresence Immersion–fluency Interactivity SA Level 1 SA Level 2 Age Experience 

Telepresence - - .24 - - .06 - 

Immersion–fluency .12 - .28 - - .02 - 

Interactivity - - - - - .06 - 

SA Level 1 .10 .04 .13 - - .03 .04 

SA Level 2 .13 .02 .03 .08 - .15 .04 

Age - - - - - - - 

Experience - - - - - - - 
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5.3. Supplementary Hypotheses: Evaluating the Effects of Age on Virtual Reality 

Experience Factors 

To test study’s supplementary hypotheses, the effects of age on telepresence, 

interactivity, and immersion–fluency were explored. These results also helped to identify 

any peripheral moderating influences on the relationships between the VR psychological 

experience factors and SA. As was discussed above, the path between age and 

telepresence was removed from the model due to an incidence of Simpson’s paradox; 

therefore, hypothesis 4 was not supported by the present study. However, age was shown 

to have a significant indirect effect on telepresence through interactivity,  = .12, p = .05. 

In contrast, age had a direct positive effect on interactivity,  = .24, p < .01, supporting 

hypothesis 5. These results suggest that older pilots tended to perceive a greater sense of 

control over the system. Age did not have a significant direct effect on immersion–

fluency, confirming hypothesis 6. All direct relationships discussed in this section are 

illustrated above in Figure 8.  

5.4.  Summary of Hypotheses 

Table 14 outlines a summary of outcomes for all relationships tested in the combined 

model.  
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Table 14.  

Summary of Relationships Supported and Not Supported by the Analysis 

Relationships Tested Outcome 

Relationships between VR psychological experience factors and SA 

H1a: Interactivity has a direct, positive effect on SA Level I Supported 

H1b: Interactivity has a direct, positive effect on SA Level II Not supported 

H2a: Telepresence has a direct, positive effect on SA Level I  Supported 

H2b: Telepresence has a direct, positive effect on SA Level II Supported 

H3a: Immersion has a direct, positive effect on SA Level I  Not supported 

H3b: Immersion has a direct, positive effect on SA Level II Not supported 

  

Steps: 

(one) Validation of VR psychological experience factors 

 

Interactivity has a direct, positive effect on telepresence Supported 

Interactivity has a direct, positive effect on immersion Supported 

Telepresence has a direct, positive effect on immersion Supported 

  

(two) Validation of SA factors  

SA Level I has a direct, positive effect on SA Level II  Supported 

Age has a direct, negative effect on SA Level I  Supported 

Age has a direct, negative effect on SA Level II  Supported 

Experience has a direct, positive effect on SA Level I  Supported* 

Experience has a direct, positive effect on SA Level II Supported 

  

(supplementary hypotheses) Moderating effects of age on VR psychological 

experience factors 

H4: Age has a direct, positive effect on interactivity Supported 

H5: Age has a direct, negative effect on telepresence  Not supported 

H6: Age does not have a direct effect on immersion Supported 

Note: Though the direct relationship between experience and SA Level I fell below 

the level of significance when the relationship was tested in the combined model of 

factors, the total effect size ( = .04) remains above the threshold for viability.   
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6. Discussion  

6.1. Relationships Among Virtual Reality Psychological Experience Factors  

The first step in the analysis for the present study involved validation of three 

distinctive factors for users’ psychological experiences in VR environments: 

telepresence, interactivity, and immersion–fluency. Relationships were also modeled 

among factors. Support was found for a similar version of the path analysis model 

proposed by Mütterlein (2018), with the same direct relationships found between 

telepresence, interactivity, and immersion–fluency. Interactivity was shown to have a 

direct positive effect on participants’ perceived telepresence, while both telepresence and 

interactivity had direct positive effects on participants’ levels of immersion–fluency. 

Moreover, the relationship between participants’ perceived interactivity and immersion–

fluency was mediated by their level of telepresence.  

Mütterlein (2018) suggests that an individual must first feel as though they are 

present in a virtual environment to experience a sense of immersion during activities 

performed in the virtual environment. Findings from the present work also show that 

perceived telepresence is necessary for explaining, in part, the influence that interactivity 

has in enabling immersive experiences. Experiencing feedback from interactions and 

establishing a sense of control over content, as opposed to passively watching it, may be 

crucial for achieving a heightened sensation of being immersed in an activity (Mütterlein, 

2018). There are a number of studies in the literature, which also support these 

explanations. For example, Hsu (2010) suggests that interactivity-type experiences, such 

as positive perceptions regarding ease of use, immediacy of system feedback, and match 

between skill and challenge, serve as antecedents to flow-based experiences (i.e., 
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immersion). In addition, Hoffman and Novak (1996) assert that increased levels of 

interactivity and telepresence increase the “subjective intensity” of an individual’s flow 

state. Novak, Hoffman, and Yung (2000) later validated a model of flow, which identifies 

a direct positive effect of telepresence on flow. Following a study of users’ subjective 

experiences during VR game play, Weibel et al. (2008) also identified a strong positive 

relationship between telepresence and flow states.  

Finally, the strength of an individual’s experience of interactivity seems to have a 

significant positive influence on the level of VR telepresence achieved by that individual. 

Similar relationships between interactivity and telepresence have also been reported by 

von der Pütten et al. (2012), who found that perceived interactivity predicted subjective 

experiences of telepresence in an augmented reality game. In addition, Siebert and Shafer 

(2017) found that the perceived naturalness of a controller (i.e., interactivity) had a 

significant positive effect on participants’ reported level of spatial presence during 

gameplay.  

6.2. Relationships Among Situation Awareness Factors 

6.2.1. Situation Awareness Levels I and II  

The present study evaluated SA objectively using a SAGAT-style technique, 

which encompassed 24 queries administered over a series of three freezes. SA variables 

were developed selectively to achieve a set of viable indices with robust factor loadings 

and reliability coefficients. SA is known to be influenced by an individual’s goals and 

expectations (Endsley, 1997), and variation in these areas throughout each leg of flight 

may explain the relative lack of correlation among some indices for each Level of SA. 

However, two reflective latent variables were generated from these queries to develop the 
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path analysis. The Level I SA variable comprises indices related to processing 

information about the activity of neighboring aircraft, while the Level II SA variable 

comprises indices related to comprehension of the location of one’s ownship relative to 

neighbouring aircraft. As expected, results of the analysis showed a direct, positive 

relationship between these Level I and II SA variables. Furthermore, a number of direct 

and indirect effects of telepresence, interactivity, and immersion–fluency on SA Level I 

and II were observed. 

6.2.2. Effects of Age and Experience  

Given that the average age of the general aviation population is increasing, age is 

an important factor to consider when developing cognitive evaluation tools for GA pilots. 

Results from the present study demonstrated that age had direct negative effects on both 

SA Level I and II. These results were aligned with findings from the literature, which 

suggest that the information processing components that facilitate SA acquisition may be 

sensitive to age-related cognitive changes. At the first level of SA, age-related decline in 

resources related to attention and working memory may limit the amount of information 

that enters working memory, the efficiency of the retrieval processes, and the complexity 

of information that can be handled at any given moment (Bolstad & Hess, 2000). These 

changes may negatively influence an individual’s ability to develop accurate mental 

models of their environment, and which support second- (comprehension) and third-level 

(projection) SA. In addition, age may negatively affect an individual’s source memory, 

which supports the encoding of contextual information (Bolstad & Hess, 2000). Parsing 

informational context is essential for retention of information and is foundational for 

achieving higher levels of SA.  
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The effects of experience on the relationships between age and SA Level I and II 

were also examined. As was expected, experience was shown to have a direct, positive 

influence on SA at both levels. The present research provides support for the proposition 

that experience has a moderating effect on the relationship between age and SA. 

Experience may modify the extent to which age effects are observed in different contexts 

(Bolstad & Hess, 2000). There is evidence to suggest that the effect of age-related 

cognitive decline is reduced in situations in which an individual is highly experienced; 

extensive practice in a task environment supports the development of resources, including 

a broad knowledge base, automatization of operations, and mechanisms that help to 

compensate against the slowing of cognitive processes (Bolstad & Hess, 2000). For 

example, a 1984 study by Salthouse investigating age effects on typing speed found that 

though older adults were slower in terms of their key tapping rate and reaction time for 

key choice, their overall typing speed was comparable to that of their younger 

counterparts. The author suggests that the older adults tended to scan further ahead in the 

document they were typing sound, a behaviour which served to compensate for their 

limitations in processing speed. In the context of flight tasks, more experienced pilots 

may be better at anticipating certain cockpit conditions and be more proactive in 

reviewing their environment and instruments. 

Hess and Slaughter (1990) assert that aging can be associated with increased 

reliance on long-term memory structures (e.g., mental models and schemata), which 

serve to compensate for decreasing efficiency in basic processing mechanisms. Mental 

models (complex structures that individuals use to model the behaviour of systems) and 

schemata (states of the mental model that organize categories of information and 
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facilitate efficiencies in information processing) are thought to support SA by helping an 

individual focus on relevant information and form expectations regarding the task 

environment (Endsley & Jones, 2012). In general, schema use and activation appear to be 

minimally affected by age (Hess, 1990). 

6.3. Investigating the Effects of Virtual Reality Psychological Experience Factors 

on Situation Awareness Level I and II 

6.3.1.  Telepresence, Interactivity, and Situation Awareness 

The primary purpose of the present research was to model the direct and indirect 

effects of pilots’ psychological experiences during VR exposure on their ability to 

achieve SA at the first and second level. Telepresence, the subjective experience of 

“being there” in a virtual environment, has long been treated as an indicator of the 

ecological validity of VR devices. Moreover, the phenomenon has been regarded as 

necessary for facilitating the transfer of knowledge acquired in virtual training conditions 

to real-world contexts (Mestre, 2006). Findings from the present study suggest that 

telepresence supports SA in VR environments at both the first and second level. Results 

showed direct, positive relationships between telepresence and SA Level I and between 

telepresence and SA Level II of comparable strengths. These results support similar 

findings from earlier discussed studies, which point to significant positive associations 

between telepresence and SA (Laptaned, 2006; Jung et al., 2008; and He et al., 2018).  

In contrast, interactivity only directly affected SA at the first level (i.e. perception 

of elements within the environment), though it was shown to have a significant indirect 

effect on SA Level II through telepresence and immersion–fluency. Interactivity refers to 

a sense of agency, or perceived capacity to influence the form of content in a simulated 
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environment (Mütterlein, 2018; Steur, 1992). Interactivity is likely to be influenced by 

attributes, such as the speed in which user input is represented in the environment, the 

range of actions available to the user, and the predictability of the responses generated by 

user inputs (Reed & Saleem, 2017). High levels of interactivity suggest that the user is 

focused on elements of the virtual environment and effectively filtering out external noise 

stimuli, both of which help to explain the positive effects of interactivity on telepresence 

and SA Level I. In contrast, interactivity may not have any impact on the activation of 

more complex cognitive structures, such as mental models, which enable an individual to 

achieve higher levels of SA. Endlsey and Jones (2012) underscore mental models as “key 

enablers” of complex SA processes (i.e., comprehension and projection). 

Telepresence is thought to develop through the formation of more complex 

cognitive representations, which may provide a foundation for the achievement of higher-

level SA. Schubert et al. (1998) and Schubert et al. (2001) maintain that experiences of 

telepresence emerge through the ongoing construction of a “spatial-functional” mental 

model. The authors suggest that two crucial cognitive processes facilitate the 

development of this mental model, namely the suppression of conflicting stimuli, and the 

continuous representation of bodily action in the virtual world. Our cognitive 

representations of an environment comprise “patterns of possible action”, which are 

meshed with patterns of action based on memory. Meaning is then created through the 

interactions between our bodies and attributes of our environment, and the ongoing 

negotiation of those patterns of action. The importance of the representation of bodily 

action in this account also aligns with the strong, positive influence of perceived 

interactivity on telepresence experience observed in the present study.  
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However, it is also worth considering why it is the case that strong telepresence 

and interactivity experiences tend to support stronger SA rather than creating a source of 

resource competition? Endsley’s model (1995a) depicts SA as a state of knowledge built 

up through a number of cognitive processes, including (but not limited to) working 

memory, which is also thought to be an important factor in supporting telepresence 

(Nunez, 2004). Similarly, Rawlinson, Lu, and Coleman (2012) suggest that individual 

differences in working memory affect an individuals’ ability to achieve telepresence in a 

simulated environment. It may be tempting to assume that immersive VR systems that 

engage a greater range of sensory channels create an added demand on working memory. 

However, Nunez (2004) maintains that increased transmission of information does not 

necessarily consume additional working memory resources when that information can be 

easily grouped into meaningful chunks. The stimuli that enable an ongoing sensation of 

telepresence may exist within a more abstract conceptual complex, which contains 

powerful SA cues about the task context. When system latency occurs, the user is 

affected by an influx of stimuli from the external environment, which interrupts the 

normal chunking of information received from the simulated environment (Nunez, 2004). 

The discrepancy in stimuli flow in turn creates a tax on working memory and degrades 

perceived telepresence. Nunez (2004) proposes a two-phase processing model based on 

working memory to explain the occurrence of telepresence. In the first phase, perceptual 

stimuli are decoded and transformed into more abstract representations, such as schema 

or spatial-functional models. In the second phase, these representations form the basis of 

inferences about the virtual environment. The author suggests that telepresence is likely 

to arise as a by-product of this second phase of processing. The account from Nunez 
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(2004) is also compatible with those of Schubert et al. (1998) and Schubert et al. (2001), 

and provides another potential explanation for the direct, positive relationship between 

telepresence and Level II SA observed in the present study. Future research should 

explore relationships between working memory and VR psychological experiences, in 

addition to examining effects of working memory on the relationships between VR 

psychological experiences and SA. 

6.3.2.  Immersion–fluency and Situation Awareness 

The results of the analysis showed there to be no significant relationship between 

immersion–fluency and SA at either level. The present research adopted a flow-based 

definition of immersion, whereby immersion is characterized as the subjective experience 

of feeling involved or absorbed in activities conducted in a virtual environment. Flow 

may be described as a psychological state of optimal experience, in which an individual 

is entirely absorbed or immersed in an activity (Csikszentmihalyi, 1990). The observed 

results were unexpected, given that flow-based experiences are thought to be components 

of meaningful learning in terms of depth of cognitive processing and performance 

(Shernoff and Csikszentmihalyi, 2009). Flow has been identified as a significant 

predictor of performance in the context of activities demanding a high level of attention 

and memory (Engeser, Rheinberg, Vollmeyer, & Bischoff, 2006; and Schüler, 2007). It 

was hypothesized that participants who achieved stronger flow states may remain more 

engaged and focused on stimuli relevant to the flight task, and in turn achieve greater 

accuracy when answering the SA queries.  

Interestingly, the results of this study align with findings reported by Bian et al. 

(2018); despite the body of work supporting a positive association between flow 
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experiences and performance in non-virtual environments, the relationship seems to fall 

away during assessment of tasks conducted using VR systems. Bian et al. (2018) suggest 

that the weak association between flow and performance may occur in VR training 

environments when interactive elements of the interface are overly fascinating, complex, 

or unintuitive, such that they draw the user’s attention away from the primary task. In the 

present research context, it may be the case that the sensitivities of the flight control unit 

or attributes of the rendered environment created a distraction from the exercise. In 

addition, though pilots often heard information about neighbouring aircraft conveyed 

over their headset, no other aircraft were represented visually in the simulation, which 

removed a powerful visual cue that pilots often rely on. It was essential for the 

administration of the SA queries to avoid a mismatch between the visual behaviour of the 

aircraft and the information communicated over the pre-recorded radio calls. However, 

the Prepar3D interface available for the experimental exercise was unable to convey this 

information together in an integrated manner.  

Moreover, given that the present work comes from a larger study exploring the 

development of VR cognitive evaluation tools for pilots, participants were also being 

asked to complete a prospective memory task, which contributed to the overall cognitive 

load placed on them during the exercise. Such a consideration may in turn be crucial for 

research design when evaluating effects of flow on SA, as it is thought to be difficult for 

individuals to achieve flow when they must perform at a state of cognitive overload 

(Ninaus, 2015). Flow is more likely to occur in conditions where skill is closely balanced 

with the demand of the task. Further evaluation of the effects of immersive states on pilot 
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SA during VR exposure should minimize added cognitive load created by the task 

environment. 

6.4. Effects of Age on Virtual Reality Psychological Experience Factors 

6.4.1. Age and Telepresence 

A supplementary objective of the present study was to explore effects of age on 

participants’ reported levels of telepresence, interactivity, and immersion–fluency. The 

present study was unable to provide support for a relationship between age and 

telepresence, as testing revealed an instance of Simpson’s paradox, which signals 

causality issues. In the case of Simpson’s paradox, a relationship may be present among 

sub-groups of a population but disappears or becomes reversed in the context of the 

aggregate population (Pearl, 1999). These results suggest that discussion of a direct 

relationship between age and telepresence is overlooking the influence of a third variable. 

Further research is needed to better understand the factors influencing telepresence 

experience.  

6.4.2. Age and Interactivity 

Results of the analysis found age to have a significant positive effect on 

participants’ perceived interactivity. These findings were aligned with research from 

Bangay and Preston (1998), which noted that older individuals tended to report a stronger 

sense of control over the virtual environment. A potential explanation for this finding 

may be related to the expertise or general flight skill that older individuals brought to the 

exercise. Results from this study also suggest that absorption by activity, a dimension of 

flow, may be a component of interactivity. Flow-based experiences are thought to be 

more likely to occur in contexts where there is a close balance between an individual’s 
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skill and the demand of the activity. Studies by Ghani and Deshpande (1994) and Novak 

et al. (2000) provide support for a causal model of flow, which outlines direct 

relationships between skill and control and between control and flow. Further work 

should be undertaken to validate the conceptual relationship between skill/experience and 

perceived interactivity in VR environments. 

6.4.3. Age and Immersion–fluency  

Finally, as was initially hypothesized, no significant relationship was observed 

between age and immersion–fluency. These findings are aligned with those reported by 

Payne et al. (2011), which suggests that an individual’s ability to achieve a flow state is 

not negatively compromised by age. The authors conclude that more cognitively 

demanding activities elicit higher levels of flow among individuals with greater fluid 

intelligence yet result in lower levels of flow for those with lower fluid intelligence. The 

pattern appears to be reversed in the context of activities presenting a low cognitive load. 

Similarly, Bonaiuto et al. (2016) validated their hypothesis that flow states are not 

affected by age or gender. However, these studies come from the broader flow literature. 

Additional research should be done to identify factors specifically affecting immersion–

fluency, in addition to ruling out the effects of age. 
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7. Conclusion 

7.1. Limitations and Future Research 

7.1.1. Improving use of Subjective Measures of VR Psychological 

Experiences   

A potential limitation of this study concerns the use of a single post-test 

questionnaire to evaluate pilot VR psychological experiences. Though this self-report 

format has a number of advantages, including demonstrating strong face validity in 

measuring the intended concepts, and serving as an efficient format for data collection 

and analysis, it has the disadvantage of requiring participants to answer retrospectively 

(van Baren & IJsselsteijn, 2004). A retrospective evaluation can introduce a recency bias, 

whereby participants’ perceptions are more skewed towards events occurring at the end 

of the exercise. In the present study, pilot SA (i.e. information processing and 

comprehension) was evaluated as a knowledge state. In order to mitigate recency bias and 

allow for a more precise evaluation of the impacts of pilots’ VR psychological 

experiences on their SA after each lag of flight, future iterations of this study should 

entail administration of the VR psychological experiences questionnaire alongside each 

SAGAT freeze. Moreover, adjustments might be made to the study to allow participants 

to complete questionnaire items by interacting with content in the simulated environment. 

For example, participants could be directed to provide verbal responses to text items 

appearing on screen; this approach was used by Kober and Neuper (2012). Integrating 

questionnaire items into VR content minimizes onus on individuals to make memory-

based judgments, and it does not require interactions with external materials not relevant 

to the simulation, which might affect perceptions of interactivity and telepresence.  
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7.1.2. Integrating Objective Measures of Telepresence and Exploring 

Breaks in Presence 

Future research in this area might also supplement subjective measures of VR 

psychological experiences with objective forms of assessment, which do not rely on 

participants’ interpretation. Physiological measures, such as galvanic skin response 

(GSR) and electrocardiogram recordings (EKG), might be used to evaluate participants’ 

physical responses to breaks in presence (BIPs) (Sanchez-Vives & Slater, 2005; Slater et 

al., 2006). BIPs refer to occurrences during exposure to a VR environment that cause an 

individual to become momentarily focused on stimuli from the external environment. 

Slater et al. (2006) used a combination of GSR and EKG to identify a physiological 

signature associated with the experience of a BIP. In addition, Kober and Neuper (2012) 

analyzed event-related brain potentials (ERP) from electroencephalographic (EEG) 

measures evoked by tones to assess telepresence experience in VR. The study used an 

oddball paradigm, whereby participants were exposed to a series of standard and deviant 

tones (administered 20% of the time at a much higher frequency), while moving through 

a simulated city. Participants were asked to evaluate their perceived telepresence at the 

end of the exercise and were then split into high- and low-telepresence groups. Different 

ERP components were compared between groups, and high-telepresence experience was 

found to be associated with lower amplitudes in frontal negative slow-waves. This area is 

associated with stimulus processing and attention allocation, suggesting that stronger 

perceived telepresence is related to increased commitment of attentional resources to VR 

content.  



 83 

Future work should also consider the effects of system attributes on telepresence, 

as well as the incidence of BIPs. A higher graphics frame rate has been positively 

correlated with stronger experiences of telepresence (Sanchez-Vives & Slater, 2005). 

Similarly, lower levels of system latency in terms of the synchronization between head 

movements and the updating of displays have been associated with elevated levels of 

reported telepresence (Meehan et al., 2003). Additionally, Hou et al. (2016) compared the 

impact of two screen size conditions on participants’ reported telepresence and other 

psychological factors during gameplay in a VR environment. The authors found that 

larger screen size had a positive influence on participants’ sense of physical presence, as 

well as their mood and enjoyment.  

When evaluating BIPs, the emotional valence of stimuli should also be 

considered. Since telepresence appears to emerge as predictions derived from a user’s 

mental model are negotiated against actual outcomes in the virtual environment, content 

that compromises the availability or consistency of mental models may also result in 

BIPs (Liebold et al., 2017). Liebold et al. (2017) suggest that BIPs are likely to occur as 

the result of human orienting reflex/response, with more intense responses increasing the 

possibility of a BIP. In addition, emotional relevance of the stimuli can influence the 

intensity of orienting responses, with more negatively-associated, goal-pertinent stimuli 

provoking the strongest responses.  
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7.1.3. Improving the Research Design to Support Inferences of 

Causality 

A limitation in the design of the present study is that only correlational 

relationships among factors can be inferred from the results of the analysis. Further work 

in this area could be enriched by exploring changes to the underlying methods, which 

would better enable investigation of causal relationships between pilots’ psychological 

experiences during VR exposure and their SA during flight. A robust causal study should 

demonstrate temporal precedence of causal factors, provide evidence for covariation of 

cause and effect, and rule out influences of extraneous variables. For example, a future 

study investigating the effects of BIPs on pilot SA during a VR flight might compare 

participants’ SA results during a simple flight exercise against their SA after they have 

been exposed to an interfering visual stimulus with either positive, negative, or neutral 

emotional valence. This stimulus should be an object or event that would be otherwise 

inconsistent with participants’ expectations for the task environment. Moreover, instead 

of emotional valence, treatment conditions could also compare effects of BIPs caused by 

negatively-associated stimuli engaging different sensory modalities on SA. For example, 

researchers might expose participants to a sudden loss of screen brightness or to an 

intrusive tone for a fixed duration of time. The order in which the control flight and 

treatment flight exercises are completed should be counterbalanced to minimize effects 

that exposure to the virtual environment might have on participants’ responses to the 

experimental stimulus. This arrangement would help to mitigate the influences of 

external variables when evaluating the effects of the study’s independent variables (i.e., 

interfering stimuli and emotional valence/sensory modality) on the dependent variables 
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(i.e., SA and perceived presence), in addition to ensuring proper temporal ordering of the 

interfering stimulus and the SA task.  

7.1.4. Increasing Sample Size 

Another potential limitation of the present work was the small sample size of 

pilots tested, which may potentially compromise the reliability of results (i.e., the extent 

to which the current results can be reproduced under the same conditions). Effect sizes 

for the total effects of relationships were small and medium in value according to 

guidelines by Cohen (1988). Moreover, a potential sample size issue was noted in the fact 

that the direct relationship between experience and SA Level I slipped below the 

threshold for significance, p = .06, when evaluated in the larger combined model of all 

VR psychological experience and SA factors. It is therefore recommended that these 

findings be validated with a larger data set.  

7.2. Summary and Implications 

The main objective of this research was to validate and quantify the effects of 

telepresence, interactivity, and immersion on pilot SA at the first and second level. 

Findings from the present study suggest that telepresence supports SA in VR 

environments at both levels. Though interactivity only directly influenced SA at the first 

level, it also had a significant supportive effect. Exploring relationships of telepresence 

and interactivity to working memory may help to account for the positive effects of these 

psychological experiences on pilot SA during VR flight tasks. High levels of interactivity 

suggest that the user is focused on elements of the virtual environment and effectively 

filtering out external noise stimuli. In contrast, telepresence is thought to develop through 

the formation of more complex cognitive representations, which may provide a 
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foundation for achievement of higher-level SA. Despite the wealth of research suggesting 

that flow states have a positive effect on performance during cognitively demanding 

tasks, the effects of immersion–fluency on SA were shown to be non-significant at both 

levels. These results may potentially be explained by attributes of the virtual environment 

being overly fascinating, complex, or unintuitive, such that they draw the user’s attention 

away from the primary task (Bian et al., 2018). 

As a secondary line of inquiry, the effects of age on the aforementioned three VR 

psychological experience constructs were also explored to shed greater insight on a range 

of accounts from the literature citing positive, negative, and non-significant relationships. 

Results from the path analysis revealed an incidence of Simpson’s paradox when 

evaluating a potential direct relationship between age and telepresence, suggesting the 

influence of an unidentified third variable. Additional research is needed to better 

understand the factors influencing telepresence. Age was shown to have a significant 

positive effect on participants’ perceived interactivity. A potential explanation for this 

finding may be related to the flight skill that older pilots brought to the exercise. For 

example, studies by Ghani and Deshpande (1994) and Novak et al. (2000) demonstrate 

direct relationships between skill and perceived control. Finally, as was expected, no 

significant relationship was observed between age and immersion–fluency. 

The results of this research provide meaningful contributions that can be used 

towards improving the design of VR flight simulators for the purpose of training and 

assessment of pilot SA. The present study demonstrates that pilot’s psychological 

experiences of telepresence and interactivity during exposure to VR flight simulators 

have serious implications in terms of their ability to achieve SA at both the level of 
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information processing and comprehension. Moreover, telepresence experience is highly 

dependent on a pilot’s perception of system interactivity. Development efforts around 

VR-based cognitive training tools for GA pilots should explore strategies for mitigating 

BIPs, or occurrences that cause an individual to become focused on stimuli from the 

external environment. Such strategies should explore effects of both the cognitive 

demand of the tasks being performed, as well as the integration of sensory information 

communicated by the system, on the incidence of BIPs. Avoiding events that compromise 

the continuity and cohesiveness of a pilot’s experience of telepresence are essential for 

ensuring the integrity of the VR training environment and enhancing the likelihood of 

knowledge transfer between simulated and real-world contexts. 
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