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 Current advancements in the field of Augmented Cognition have garnered 

attention from the aviation industry. Equipping flight management systems with 

Augmented Cognition is a possibility in the near future as the result of recent 

computing breakthroughs. The purpose of this study was to determine to what 

extent gender, country of origin and condition of Augmented Cognition affect 

consumers willingness to fly. To further understand the consumer's decision-

making process the participant’s willingness to fly measured through affect 

(emotion), represented through the six universal facial expressions, (anger, disgust, 

fear, happiness, sad, and surprise) (Ekman & Friesen, 1971). This study surveyed 

participants from India and the United States to measure their willingness to fly 

using the Willingness to Fly Scale shown to be valid by Rice et al. (2015). The 

scale uses a traditional five-point Likert scale. Data were analyzed using SPSS. 

Descriptive statistics provided for respondent’s age and willingness to fly values. A 

three-way ANOVA was conducted to test the hypotheses and Hayes (2013) 

bootstrapping method of multiple mediation analysis was used to determine if 
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emotion had a mediating effect on the dependent variable (willingness to fly). 

Results indicated there were two statistically significant two-way interactions 

between country and condition F(1, 804) = 8.29, p < 0.01, ηp2 = 0.010. Country 

and gender, F(1, 804) = 19.35, p < 0.001, ηp2 = 0.024. There were significant main 

effects for Gender, F(1, 804) = 6.19, p < 0.05, ηp2 = 0.008, and condition, F(1, 

804) = 33.00, p < 0.001, ηp2 = 0.039. Mediation analysis indicated the emotions 

fear, and happiness had a mediating effect on willingness to fly.  
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Chapter 1 

Introduction 

 Aviation is a safety critical industry. Human error accounts for 80% of 

aviation mishaps (Federal Aviation Administration, 2012; NTSB, 2014). Augmented 

Cognition is a new technology. Currently, there is a lack of understanding of how 

consumers will react to Augmented Cognition. This lack of exposure and subsequent 

ambiguity for AugCog’s potential is the driver for conducting this research. Imagine 

a scenario in which there is an in-flight engine failure, augmented cognition 

equipped flight management systems (FMS) would determine what information was 

displayed to the pilots as opposed to the pilots manually selecting the information, or 

searching through emergency checklists. In another example, a flight crew is faced 

with a line of potentially dangerous thunderstorms. AugCog equipped FMS would 

automatically prioritize the most pertinent information to the flight providing the 

pilots the most economical, and safest route of flight. Lastly, picture an F-35 pilot 

faced with a critically damaged aircraft during a combat sortie, AugCog would 

automatically select the appropriate course of action for the pilot and display that 

information in the most suitable order. Augmenting human intellect allows for the 

human operator to most efficiently operate, especially when faced with complex user 

interface displays. In the next two chapters, AugCog’s potential is going to be 

explored. 
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Problem Statement 

 The technology chasm that has stunted the growth of Augmented Cognition 

decreases as the result of technological advancements in the fields of artificial 

intelligence, quantum computing, and data mining; aircraft manufacturers are 

beginning to explore avionics coupled with Augmented Cognition, which creates the 

potential to increase operator performance. However, this theoretical implementation 

has created a new gap. That gap is the understanding of how the commercial aviation 

consumer will react to the new technology. The chasm further expands into how the 

commercial aviation industry will commercialize this new technology into the 

consumer marketplace. The intent of this research is to understand consumers’ 

willingness to fly in aircraft equipped with Augmented Cognition. 

Purpose statement 

 The purpose of this study is to gauge the feasibility of implementing 

commercial aircraft with Augmented Cognition interfaces, as well as to measure 

consumers’ willingness to fly in aircraft equipped with Augmented Cognition. This 

experiment will use 800 participants from India and the United States. The research 

participants will provide their willingness to fly based on two hypothetical scenarios. 

The participant’s willingness to fly will be measured through affect (emotion), which 

is represented through the six universal facial expressions (Ekman & Friesen, 1971). 

Understanding participant’s willingness to fly allows researchers to explore affect, its 
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mediating factors, and the relation affect has on consumers' acceptance of new 

technology.  

Operational Definitions 

Willingness to Fly 

Willingness to fly is the consumers’ voluntary want to fly in an aircraft. Willingness 

to fly was measured through seven items, and an associated five-point Likert scale 

created by Rice et al., (2015). For reference, see Appendix A. 

 

Augmented Cognition 

The purpose of Augmented Cognition (AugCog) is to increase the limited cognitive 

capacity of human intellect (Hwang, Jang, Mallipeddi, & Lee, 2013). 

 

Affect 

Affect describes a physically expressed emotion or feeling (Doss, 2009). 

 

Emotion 

Emotion is defined by the six universal emotions declared by Ekman and Friesen 

(1971); those facial expressions are happiness, surprise, fear, disgust, anger, and 

sadness. For reference see Appendix B. 
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Research Questions and Hypothesis 

 

Research Question (RQ) 

RQ1) What effect does Augmented Cognition have on passengers’ willingness to 

fly in aircraft equipped with Augmented Cognition? 

RQ2) What effect does Augmented Cognition have on passengers’ willingness to 

fly based on country of origin? 

RQ3) What effect does Augmented Cognition have on passengers’ willingness to 

fly based on participant gender? 

RQ4) How does consumers’ willingness to fly with Augmented Cognition 

equipped aircraft create any interactions? 

RQ5) Will affect mediate the relationship between the conditions? 

RQ6) What universal faces will act as mediators between the conditions? 

Hypotheses 

H01) There is no significant difference in consumer’s willingness to fly in aircraft 

equipped with Augmented Cognition. 

H11) There is a significant difference in consumers’ willingness to fly in aircraft 

equipped with Augmented Cognition.  

H02) There is no significant difference in consumers’ willingness to fly in aircraft 

equipped with Augmented Cognition based on country of origin. 

H12) There is a significant difference in consumers’ willingness to fly in aircraft 

equipped with Augmented Cognition based on country of origin. 
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H03) There is no significant difference in consumers’ willingness to fly in aircraft 

equipped with Augmented Cognition based on participant gender. 

H13) There is a significant difference in consumers’ willingness to fly in aircraft 

equipped with Augmented Cognition based on participant gender. 

H04) There is no significant interaction between variables. 

H14) There is a significant interaction between variables. 

H05) Affect does not mediate the relationship between conditions. 

H15) Affect does mediate the relationship between conditions. 

H06) None of the universal facial expressions mediate the relationship between 

conditions. 

H16) At least one of the six universal facial expressions mediates the relationship 

between conditions. 

IV1) Levels of Augmented Cognition: all, none. 

 

IV2) Gender of Consumers’: Male, Female. 

 

IV3) Country of Origin: United States, India. 

 

DV1) Willingness to Fly.  

 

MV1) Affect: Six Universal Faces. 
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Significance of the Study 

 The field of Augmented Cognition is in its infancy. To date, Augmented 

Cognition research has focused on measuring cognitive response to external stimuli. 

This research is using the current technologies of Functional Near Infrared Imaging 

(fNIR) as well as eye tracking, electroencephalogram (EEG), and electro dermal 

response to gauge subject's real-time cognitive response. It is the intent of the 

Augmented Cognition researchers to use these measurements to monitor cognition to 

adapt computer interfaces to most economically respond to their human operator.   

 Augmented Cognition may have a positive impact on the aviation industry. 

Those impacts may come in the form of augmenting flight management systems 

(FMS). Augmented Cognition’s primary impact is in the form of adapting FMS to 

provide the most pertinent information to the pilot for that specific flight regime. 

With an increase task load augmented interfaces can task shed to provide relevant 

information to the pilot in real-time, without the pilot commanding the task shedding 

moment. As Augmented Cognition increases in feasibility for use in aviation, an 

understanding of how the public will accept the new technology of Augmented 

Cognition compels researching its acceptance.  

 This study attempts to gauge consumer response. The gauges used to measure 

consumer response are the willingness to fly and affect. In an attempt to increase the 

understanding of willingness to fly, consumers’ affect, country of origin, gender, and 

conditions of Augmented Cognition interface (not equipped, fully equipped) will be 
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explored. Understanding how a population will accept new technology through the 

technology acceptance model may increase the understanding of how an independent 

society such as the United States accepts new technology, and compare those results 

to the results of the collectivist tendencies of Indian culture. 

  Adding to the cultural acceptance of Augmented Cognition, research into 

how both Indian and American males and female's willingness to fly changes as a 

result of adding Augmented interfaces will be measured. Consumers’ willingness to 

fly will then be expanded upon by exploring what emotion or affect is the mediator 

of the willingness to fly response. Affect will be measured through Ekman and 

Friesen’s six universal facial expressions (1971). Understanding if affect mediates 

the relationship between consumer willingness to fly based on accepting the new 

technology of Augmented Cognition has the potential to drive how engineers 

implement, and design flight management systems, as well as how the new 

technology is marketed.  

Assumptions and Limitations 

Assumptions 

 Researchers will assume that participants will be honest when answering the 

survey questions. The researchers of this experiment assume that the participants will 

take the survey seriously. To analyze the data generated through the survey of 

participants, an analysis of variance model will comprise data analysis. As such an 

assumption of independence of cases, normality, and homogeneity of variance will 
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be made. To account for variance, the researchers of this experiment have taken the 

utmost precautions to ensure that all variables were measured and analyzed properly. 

The use of reliable instruments for data collection and analysis were employed to 

mitigate any confounding errors of estimation. Assumptions in error are accounted 

for through comparing data against over-estimations (Type-I), and underestimation 

(Type-II) errors. IBM’s SPSS Statistics Software will be used to conduct the 

statistical analysis, verify assumptions, and determine estimations of the data 

collected from Amazon’s ® Mechanical Turk ®, and Google Forms®. 

Limitations 

 Current research does not exist that involves studying consumers’ willingness 

to fly in aircraft equipped with Augmented Cognition. Therefore, the concept is new 

to aviation science, and human factors. With this new research comes a limitation 

that must be accounted. The first limitation in consideration is the use of the research 

instruments. This study uses an online survey called Google® Forms. The surveys 

will be employed through the recruiting service of Amazon’s® Mechanical Turk®. 

Both the survey generator and the recruiting tool are online based. As such, the 

researchers do not control the research environment in which these instruments will 

be used. Generalization to the target population is limited by way of the online 

environment in which the instruments will be employed. Therefore an 

underrepresented population may be a result. To allow for a sufficient sample size 

Amazon’s® Mechanical Turk® was used. 

Delimitations 
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 The delimitations of this study include country of origin consisting of 

American and Indian citizens. The two forms of Augmented Cognition those being 

fully equipped versus non-equipped flight management systems. The study will be 

conducted at one point in time in order to observe a cross-sectional sample. The 

survey will only be conducted through Amazon’s® Mechanical Turk®  

Summary 

 The field of Augmented Cognition is in its infancy. The purpose of this 

chapter is to introduce the reader to the research that will be conducted. This 

introduction includes definitions and abbreviations that will be used throughout this 

study. An overview of the problem and purpose statement was provided. The 

research questions that will be study were listed, as well as their associated 

hypotheses. The experimental nature of this study is the foundation for the 

explanation of the assumptions, limitations, and delimitations of this research, as 

well as the potential significance the study of Augmented Cognition may have on the 

aviation industry. 
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Chapter 2 

Literature Review 

Introduction 

 Human interaction, cultural variance, and the research conducted to account 

for those interactions are the primary goal of this literature review. The intent is to 

understand consumers' willingness to fly when presented with scenarios involving 

new technology. Research topics explored include Augmented Cognition, and its 

growth from its initial introduction in the 1960's to its current development. 

Followed by the Technology Acceptance Model (TAM), a theory developed to 

understand how workers in the field of information technology accept new computer 

programs. Gender variance and the difference between individualistic cultures and 

societies that display collectivists' traits are explored to understand the social 

acceptance of a previously unknown technology. Concluding this literature review is 

the exploration of the relationship of affect (emotion) as a mediator, and consumer' 

decision-making habits displayed through the use of Ekman's (1971) six universal 

faces.  

Augmented Cognition Background 

 Before WWII much of our tool development and adaptation was a physical 

process, manipulating that which was haptic in nature. The events of WWII 

propelled computing forefathers, Turing and Engelbart, to transform previous 
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physical interaction into cognitive interaction with non-haptic tools. Our quest to 

modify the environment to most economically suit our needs, lead to humans 

creating tools that did not require manual labor. As such, humans were faced with 

developing new tools, ideas, and adaptations able to manipulate this new analog 

environment. Human's ability to establish and manufacture tools has created a 

paradigm in which our tools now outperform our cognitive abilities. One proposed 

solution to this dilemma is Augmented Cognition (AugCog).  

The purpose of Augmented Cognition (AugCog) is to increase the limited 

cognitive capacity of human intellect (Hwang, Jang, Mallipeddi, & Lee, 2013). 

Engelbart; who originally identified the need to augment human intellect, recognized 

computers potential to outperform human cognition; this is evident when he stated 

the meaning of augmenting human intellect was to increase human cognition through 

the aid of computing allowing the human to develop solutions to complex problems 

(Engelbart, 1962). It is this foresight that defines Engelbart’s aptitude, an aptitude 

that would later draw the attention of the Defense and Research Project Agency 

(DARPA). Engelbart said augmenting human intellect would increase human 

cognition (1962). He proposed the solution to augmenting human intellect was the 

computer, moreover adapting the computer to account for human-computer 

interactions. Exploring the limits of human’s problem-solving abilities would help 

researchers understand human cognitive limits, and develop a computer framework 

that would adapt computing to account for these limits (Engelbart, 1962). Engelbart's 

dissertation supported the idea that until researchers understood the human limit, and 
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how to adapt computing to account for that limit, computers were going to be 

underutilized. It was Engelbart's position that computers were going to be underused 

that launched the field of AugCog.   

Augmented Cognition Development 

 AugCog would lay dormant until early 2000 when DARPA identified the 

science as an area of possible research. This recognition launched the project titled 

Overview of the DARPA Augmented Cognition Technical Integration Experiment, 

or Technical Integration Experiment (TIE) for short, coauthored by John, Kobus, 

Morrison, and Schmorrow (2004). The initial research was published in the 2004 

International Journal of Human-Computer Interaction. In this article, the researchers 

stated the goal of the DARPA AugCog program was to, “transform human-computer 

interactions by making information systems adapt to the changing capabilities and 

limitations of the user” (2004, p.131). Adapting computers to suit the needs of their 

human operator was the intent of Engelbart. However, the times did not permit such 

research, advancement in technology, and computer science lead to the Augmented 

Cognition project, which was divided into phases. John et al. described the first 

phase as detecting cognitive activity through the combination of multiple 

physiological sensors to simultaneously detect changes in test subjects’ cerebral 

activity (2004). This experiment used a variety of cognitive state gauges from a 

variety of research agencies to monitor, and manipulate the type, and the amount of 

cognitive activity of its test subjects. 
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 Phase one of the experiment delivered some expected and some unexpected 

findings. The researchers stated phase one results identified areas of gauge 

development that supported the potential for future improvement. The second result 

of phase one demonstrated the experiment was practical, and that measurable 

detection was afforded through various cognitive state gauges. Drexel University 

developed one of the mentioned breakthrough gauges. The gauge used Functional 

Near Infrared Imaging (fNIR) to detect changes in cortical blood flow. The research 

stated the fNIR sensor was small enough causing a minimal distraction to the test 

subjects, allowing for hours of continuous monitoring. This development of a 

lightweight fNIR detection allowed for future research that was conducted in field 

environments. Thus, allowing for researchers to gather more pertinent data 

concerning cognitive function. The overall objective of Phase one was to determine 

which psychophysiological measures would accurately and consistently detect 

cognitive changes as a response to a supervisory control task, the researchers of this 

stage stated that they had accomplished their goal. 

 Cummings (2010) emphasizes phase two of DARPA’s Technical Integration 

Experiment consisted of four experiments that were conducted to manipulate test 

subject’s cognitive state in real time using psychophysiological measurements. These 

experiments were conducted by presenting the operator with video game based 

scenarios in which they were asked to prioritize information (Cummings, 2010). The 

workload presented to the test subject was varied as a result of the subject’s 

physiologic response to the stressor. The experiment’s findings stated that tailoring 
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information a subject received via their physiologic response allowed for individuals 

to improve message comprehension by 100%, a 125% improvement in situational 

awareness, and 150% increase in working memory (Cummings, 2010). 

Recognizing operators cognitive state has been a goal in AugCog research 

from the beginning of DARPA's TIE Project. Operator cognitive state is monitored 

through cognitive state gauges, and one such area study was operator intention. 

Hwang, Jang, Mallipeddi, and Lee (2013) set out to explore a previously overlooked 

aspect of AugCog. Their study proposed that an intention exploring a set of 

frameworks could be created based on the probability of an operator’s intention 

recognition detected by pupillary movement. Their idea was to increase cognition 

through the observation of intention. If the operator faced cognitive difficulty 

observed through pupil activity, the AugCog framework would search for, and 

retrieve the correct information from a personalized user database (Hwang et al., 

2013). Eye tracking was accomplished through an off the shelf wearable developed 

by Tobii Technologies Incorporated. Researchers stated the eyeglass-sized wearable 

was selected for its ease of use and compact size. Hwang et al. study concluded that 

intention recognition and probing is a viable technology. Hwang et al. proclaimed 

the study met the goal of augmenting human intellect through increasing human 

performance (2013). 

 AugCog development has plagued researchers attempting to create a human 

in the loop computer interaction system. AugCog development has faced varying 

levels of technology barriers that are holding back AugCog’s real world application. 
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An area of noted shortfalls is adapted multi-agent framework (Johnson, Kulkarni, 

Raj, Carff, & Bradshaw, 2005). Johnson et al. proposed that a solution to this 

technology barrier is an Adaptive Multi-Agent Integration Framework (AMI). 

Researchers found a handful of limiting factors must be met. Stating, sensor 

architecture is needed that can plug into existing multi-sensory channels (2005). The 

sensor must sustain a dynamically flexible existence with the end user; the product 

must be industrial strength to withstand the environmental perils it will be exposed to 

(Johnson et al. 2005). The team noted their research revealed there was no one 

sensor that would solve the AMI proposal, but a multitude of sensors was necessary 

to compensate for the dynamic interface that is the human-computer interaction 

(Johnson et al. 2005). A noted strong point to sensor development was each team 

member developing his or her sensor technology in tandem with the research to fill 

the demand for rapid prototype development, suggesting that multi-agency 

cooperation may increase prototype development time. Concluding that the 

researchers were able to create an AMI that was successfully demonstrated through 

adapting the developed hardware and algorithms to the demands of the ever-

changing environment.  

  Past research supports the idea that AugCog and automation increase pilot 

performance through the augmentation and automation of system limit evaluations, 

as well as flight precision and operator performance (Naranji, Sarkani, & Mazzuchi, 

2015). Pilot error is the reason for the majority of aviation accidents and incidents 

(NTSB, 2014). The National Transportation Safety Board found that 80 percent of 
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accidents are related to human error, an increase in accident rate is seen during 

landing at 24.1 percent, closely followed by takeoffs at 23.4 percent (Federal 

Aviation Administration, 2012; NTSB, 2014). Automation has been an attempt to 

mitigate pilot error. However, studies have found that automation can create hazards 

by way of pilot disengagement (Casner, 2009; Casner & Schooler, 2014). Naranji et 

al. claim that keeping the pilot engaged and in the loop can be accomplished through 

AugCog (2015). Studying AugCog can highlight the relationship between task and 

workload, and prioritization can persuade decision making to observe how those 

factors may be manipulated to increase aviation safety (Naranji et al., 2015).  

 Researchers at George Washington University programmed AugCog into a 

simulators flight management system (FMS). Presenting the test subjects with two 

scenarios. One scenario contained an FMS with AugCog modifications, while the 

other did not. The flight characteristics were measured to determine performance for 

both simulations. The researchers concluded that the AugCog equipped FMS 

simulations had increased flight performance precision than the simulations that 

were not conducted with AugCog FMS. The findings also state that AugCog allows 

the pilots to fly more precisely, the pilots reported a greater use of the checklist, as 

well as engagement in the flight keeping the pilots in the loop (Naranji et al., 2015). 

The findings the researchers presented in this study provide a strong argument for 

keeping the pilot engaged, modifying pilot task load, and justifying further research 

into introducing Augmented Cognition into flight management systems.  
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Counterpoints for Augmented Cognition 

 From AugCog’s inception through research applications, improving human 

intellect has gathered both positive, and negative attention. In 2010, Cummings 

delivered an article discussing the feasibility of Augmented Cognition. Cummings 

states computer technology does not exist that can support the demands of AugCog, 

the lack of technology Cummings says are the technology chasm, which is stunting 

AugCog’s growth (2010). This is most appropriately said when Cummings states 

AugCog’s ability to create real-time predictions faces the challenge of a highly 

dynamic and stochastic environment, an environment that is typical of the command 

and control settings. It is this environment that is a fundamental obstacle that stands 

in the way of AugCog success (2010). Cummings also states that the obstacles that 

AugCog engineers face, combined with EEG, and fNIR technology is substantial 

(2010). Stating significant advancements need to be made in the miniaturization of 

EEG, and fNIR technology, and signal processing algorithms to place them in a 

headset is more than 20 years away (Cummings, 2010).   

 Cummings further argues the wireless technology needed to make a practical 

field operator’s headset does not exist (2010). Current wireless and dry EEG deliver 

signals that are too weak for practical field application (Cummings, 2010). Experts in 

the field of Human Factors and Ergonomics design have made salient points as to the 

current shortfalls, and technological drawback that poses a very real potential for 

halting the development of the program. Current researchers have displayed AugCog 
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as a proof of concept. However, Cummings points out that a proof of concept is just 

that, and that scientific rigor should not base statistical findings on the idea that a 

concept has the potential to work (2010).  

Background of Technology Acceptance Model 

AugCog use is non-existent in the commercial market. Therefore consumers' 

familiarity with the technology is non-existent. The current state of AugCog 

development is in its infancy. Current technology has not reached a point in which 

commercial development for Augmented interfaces is relevant in all but a few 

government, and non-government research projects. Confronting these issue 

researchers understood that technology acceptance was an area lacking sufficient 

data. Bagozzi, Davis, and his colleague, Warshaw recognized the data chasm in 

relevant technology acceptance (1992). Davis’s Technology Acceptance Model is a 

theory that has the potential to help researchers understand new technology. Davis et 

al. created the Technology Acceptance Model (TAM) (1989) as a way to understand 

the relationship technology had on human’s acceptance, and use of new technology. 

Davis’ TAM was developed as an information systems theory to predict 

technology acceptance (Fador, 2014). The Intent of Davis’s original TAM was to 

gauge the variables of perceived usefulness, and perceived ease of use of information 

technology. Davis found his two proposed variables of perceived usefulness and 

perceived ease of use exhibited significant empirical relationships to self-reporting 

measures (Davis et al., 1989). Davis’ TAM was further expanded upon by Adams, 
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Nelson, and, Todd (1992). Adams et al. used Davis’ original variables of perceived 

usefulness, and perceived ease of use of information technology, and expanded on 

test subjects’ introduction to three computer programs. The results measured the 

variables above. Davis' original study used 152 individuals split into two groups with 

the intent of measuring their acceptance of a new technology. Adams et al. used 118 

individuals from 10 different organizations. Adams et al. introduced the 118 test 

subjects to three computer programs to measure their acceptance of the new 

technology. Adams et al. found the psychometric properties of the two variables 

originally developed by Davis were robust enough to stand the rigors of Adam et al. 

user group study. Stating both their, and Davis' model shows the same convergent 

and discriminate validity that was found in previous research (Adams et al. 1992).  

Viewpoints for the Technology Acceptance Model 

Venkatesh and David further expanded Adams and Davis’s research in 2000. 

Stating the goal of their study was to research, test, develop, and expand theoretical 

extension of TAM. Announcing that, " In 10 years, TAM has become well-

established as a robust, powerful, and parsimonious model for predicting user 

acceptance" (Venkatesh & Davis, 2000, p.187). The user primarily focused the early 

development, study, and introduction of TAM in 1989 on Information technology 

acceptance. Relevant research since this time, to include Venkatesh, and Davis’ 

expansion of TAM to TAM2; TAM2 attempts to extend the previous TAM variables 

perceived usefulness, and usage intention, as well as to understand how perception 
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changes with increasing user experience with the target system (Venkatesh, & Davis, 

2000).  

The result of the study described that a system could fail to garner acceptance 

if people have difficulty attributing the new technology as the consequence of the 

gains in their systems performance. Finding the results of using a new system must 

yield tangible increases in productivity (Venkatesh, & Davis 2000). The social 

influence process of Davis and Venkatesh’s study were the subjective norm, 

voluntariness, and image; promoting them as the main focus of the TAM as it applies 

to introducing new technology to a population that does not have previous 

experience or knowledge of the new technology. The findings of TAM2 social 

influence section reinforced the original TAM findings, as well as adding to the 

original theory stating individuals were more accepting of new technology if that 

technology increased that individual's status within the working group. Social 

acceptance of the new technology would increase the use of the new technology, and 

in turn increase job performance (Venkatesh, & Davis, 2000).  

Counterpoints to the Technology Acceptance Model 

The social influence aspect of TAM and TAM2 is paramount in applying the 

Technology Acceptance Model to public perception, trust, and acceptance of new 

technology. Subjective norm, voluntariness, and image are stressed to link TAM to 

AugCog acceptance. However, the TAM is not universally accepted. The central 

area TAM receives criticism is through the system use of self-report data, instead of 
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using actual system data (Legris, Ingham, & Collerette, 2003; Yousafzai, Foxall, & 

Pallister, 2007). Bagozzi explained that TAM used individual’s intent to act to create 

the model. Supporting the idea that the individual is not fixed in their intention to act, 

however, individuals can and do change their intent through evaluation and 

reflection. As such Bagozzi explained, the TAM model design is flawed and is not 

suitable for explaining or predicting actions (Bagozzi, 2007). Chutter describes the 

TAM as capturing the most attention for technology acceptance, especially in 

information technology research (2009). Chuttur then states the investigation in the 

TAM lacks sufficient scientific rigor and relevance needed to proclaim it is a well-

established theory among the IT community (2009).  

The social influence aspect of TAM and TAM’s expanded models is 

paramount in applying the TAM to public perception, trust, and acceptance of new 

technology. Subjective norm, voluntariness, and image are stressed to link TAM to 

AugCog acceptance. TAM was developed to understand how information 

technology personnel would accept and use new technology in the workplace. TAM 

can be adopted to understand how Consumers accept new technology. The 

knowledge gained through TAM has the potential to be used by designers, and 

engineers when considering how to introduce new technology.   

Gender 

 Gender dichotomy spans geographical and social realms. Gender is a 

passionately debated subject. Asking questions aimed at understanding gender 
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variance, and discovering what engine drives these differences has been investigated 

by the social psychologists for some time. An understanding of this nuance can help 

create statistics to aid engineers, further social psychological science, 

socioeconomics, and human factors engineering to more efficiently create human in 

the loop systems. One such study focused on the area of sustained intentional control 

(SIC) and its relation to sociocultural factors. The study concentrated on a web-based 

sample to identify the differences in SIC of men and women. The researchers 

concluded women made significantly more errors than men, as well, areas of gender 

inequality displayed more omission errors among men and women. However, the 

size of the gender gap increased in countries with the least amount of gender 

equality. The findings of this study identified that environment is a driver for 

cognitive abilities, that is to say, that cognition, as it relates to gender, is not 

hardwired (Riley, Okabe, Germine, Wilmer, Esterman, & DeGutis, 2016). 

 Risk taking, stress, and its associated rewards have been linked to the region 

of the brain called the Dorsal Striatum (Lighthall, Sakami, & Mather, 2012). 

Lighthall et al. set out to understand why recent studies found stress and uncertainty 

increased risk taking in males, and why the opposite was observed in females (2012). 

To understand these gender difference researchers conducted an experiment 

observing Dorsal Striatum activity through fMRI. Concluding that stressed females 

exhibited less activity in the Dorsal Striatum than their male counterparts. These 

findings are similar to a 2007 study where Preston et al. observed females trending 
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toward greater explicit knowledge about a situation during increased stress 

responses. 

 Transitioning from gender and stress to gender and risk, Gustafson noted a 

lack of research focused identifying how men and women perceive risk. Stating that 

men and women’s perception of risk varies; Gustafson (1998) explained the intent of 

the study was to understand the theoretical differences between risk perception and 

gender to create a coherent theoretical source of information to further gender risk 

understanding. Gustafson argues that gender structure which is reflected in 

ideologies about gender created the rise in systemic gender differences in public 

perception (1998). The study concludes with a two-fold statement attempting to 

explain the shortfalls in gender risk perception and remedies that may help persuade 

the systemic gender risk perception fallacy. The first proposed fix is to create a 

plurality of gender risk research design, followed by qualitative methods built 

through opened ended questions (Gustafson 1998).       

 Gafen and Straub (1997) discuss gender roles and their apparent application 

to information technology communications by way of email. The literature review 

examined 392 samples of both female and male email interactions in the airline 

industry. The intent of the study was to test gender differences that may relate to 

computer-based media; as well as to explore the role gender has in the technology 

acceptance model (TAM), an area that the authors noted as previously lacking in 

related research. The findings of the study found a difference in perception of email 
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as a result of gender, with the author’s recommendation that researchers include 

gender when creating IT models that include the effects of culture (1997).  

 Gafen and Straub build on the research of Davis (1989) whose purpose was 

to create a better understanding of perceived usefulness and perceived ease of 

systems use. These findings would then help generate an accurate measurement 

system of use and ease of technology concluding that men and women use email, in 

the same manner. However, their perception of email is the difference (1997). 

Perception can then be the focus of technology acceptance through the understanding 

that men and women perceive the same information differently. Building on 

technology acceptance through perception differences is the reasoning behind the 

development of the Technology Acceptance Model as previously discussed. Building 

on social understandings of individual’s gender can highlight key areas for design, 

and product acceptance through perceived safety, economic value, and social 

acceptance.    

Viewpoints for Hofstede’s Culture Dimensions Theory 

 Hofstede’s culture dimensions theory describes an infrastructure detailing 

cross-cultural communication, and how a culture’s values affect it’s associated 

society. Society is recognized by its culture, a compass that directs the values of the 

masses. Hofstede related these values to behavior structured through factor analysis. 

Hofstede’s culture dimensions theory divides cultures into four work-related values, 

and a fifth value added in Hofstede’s follow on 1990 study titled Cultures and 
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Organizations: Software of the Mind. Hofstede’s work related values stem from 

cultural influence. The identified work-related cultural influences are: “power 

distance, uncertainty avoidance, masculinity/femininity, and 

individualism/collectivism. Hofstede analyzed data collected from large 

multinational corporations such as IBM, as well as data from forty different countries 

concluding, “organizations are culturally bounded” (Hofstede, 1984, p. 52). Hofstede 

further describes collectivist societies (India) as trending towards trusting others, 

whereas individualistic societies (United States) place emphasis on the individual, 

questioning differing beliefs (1984). This bond is a variable to consider when 

comparing consumers willingness to fly in aircraft that are equipped with AugCog 

interfaces. If designers understand cultural bond nuances, technology acceptance can 

be accounted for in product development. 

 Vance (2014) explored the subject of consumers’ willingness to fly in 

automated commercial airliners. Vance stated the purpose of the study was to 

explore human perception about technology, and human’s willingness to trust 

technology, concluding 38% of the studies participants would fly in commercial 

airliners that were automated (2014). Furthermore, Mayer, Davis, and Schoorman 

found that an interpersonal trust is a trustor’s willingness to be susceptible to trustees 

actions. In the case of AugCog the trustors (the consumer), and the trustee (the 

technology) rely on the technology performing as it is expected to. Supporting this 

statement Mayor et al. (1995) proclaimed that trustee expectations would be 

performed by the expected actions projected by the trustor. 
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 Bradshaw, Hoffman, Johnson, and Underbrink state, “Research has shown 

that interpersonal trust depends on several factors, including perceived competence, 

benevolence (or malevolence), understandability, and directability the degree to 

which the trustor can rapidly assert control or influence when something goes 

wrong” (2013, p. 84). This point is exemplified by Hofstede’s culture dimensions 

theory; in particular, the work related values of individualism, and collectivism. The 

understanding of cultural variance allows the researcher a broader understanding of 

the interaction between societies. This understanding was the intent of the study 

where researchers Baldwin, Blue, Hughes, and Kapoor furthered the research of 

Hoffman et al. delving into the nuances of India’s collectivistic nature, as compared 

against the United Sates individualistic tendencies. The researchers stated their 

findings were in line for the most part with traditional beliefs. Those being that 

Indians rated themselves as collectivists preferring indirect communication, and 

silence when compared to Americans (Kapoor et al. 2003). 

Counterpoints to Hofstede’s Culture Dimensions Theory 

 Attempting to label societies that contain hundreds of millions of individuals 

into a word does not come without controversy. As information dissemination 

becomes ever easier as a result of the Internet; once broadly accepted theories are 

facing an ever-stringent litmus test created by research designed to dig deeper than 

before. This was the intent of Singer and Voronov stating, “When a whole culture or 

society is pigeonholed in a dichotomous categories (e.g., masculine-feminine, active-
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passive, or loose-tight), subtle differences and qualitative nuances that are more 

characteristic of that social entity may be glossed over” (2002, p.461). This 

simplistic descriptive creates a bias, a bias that has the potential to create a good 

versus bad comparison (Singer & Voronov , 2002). Keeping in theme with delving 

deeper into social nuances, Singer and Voronov argues that Hofstede's (1980) study 

did not take into consideration the entire population. The population that Hofstede 

sampled was that of educated employees working for a multinational corporation. As 

well as stating that Hofstede’s reliance on factor analysis undermines the validity of 

his research (2002). In closing, Singer, and Voronov stated a reductionist approach to 

understanding countries social values is inadequate, researchers must attempt to 

understand the social nuances of a culture through a deeper exploration of social 

complexities (2002). 

Country of Origin 

 Cultural psychologists have found Americans to be individualistic, whereas 

the opposite collectivist traits have been observed in Indians. The questioned posed 

is why? What social undertones set in motion these two separate cultural values? 

Twenge, Campbell, and Gentile (2012) conducted a literature review through Google 

Books Ngram corpus in which millions of books in American English were scanned 

for individualistic words. The authors claimed they chose 1960 as a starting point 

because scholars have noted acceleration in individualism starting around the 1960's. 

The authors describe individualistic societal systems highlight the rights and 
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celebrate the individual self; this is in contrast to that of collectivist societies that 

place emphasis on the greater genus (2012). Twenge et al. completed their study by 

concluding through the observation of individualistic words and phrases America has 

become increasingly individualistic. The study further details topics for areas of 

future research noting a decline in words that encapsulated or embrace supporting 

the greater good. Words such as community and team have been in decline since the 

1960’s, however to the contrary words describing an exaggerated sense of self-worth 

have increased (2012). 

 Contrasting America’s individualistic tendencies are India's collectivist 

nature. Oh (2013) investigated collectivist conformity tendencies compared against 

individualists. The two countries studied were the United States and India. Oh stated 

collectivist cultures display a greater level of conformity than their counterpart 

individualists when observing compliance conditions. Oh’s findings support past 

research conclusions of India’s collectivist tendencies when compared to the United 

States (2013). Supporting this finding through displaying a frame of reference is 

Hofstede’s individualism index, of which India scores 48 compare to the United 

States 91, and Korea at 18 (1984). Hofstede’s individualism index rating for India’s 

collectivist nature brings attention to the undertones of India’s society as a whole.  

 India’s societal tendencies drive the necessity to explore trust, and its relation 

to collectivism, and acceptance. Trust accelerates communication, conflict 

management, and information dissemination (Seppanen, Hassan, & Aldemir, 2011). 

Dakhli (2009) stresses trust is recognized as a cornerstone for organizations, groups, 
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and individuals in organizational literature, and research coupled with Simpson's 

findings that collectivist social tendencies produce decreased levels of overall trust 

when compared to individualist cultures (2006). Building on India's collectivist 

societal values, and therefore less trusting than Americans Individualistic nature, 

Luczak et al. (2014) found Americans demonstrated a statistically higher score in 

uncertainty avoidance, compared to their Indian counterparts. Cultural acceptance, 

with a focus on individualistic, or collectivist societal tendencies supports TAM, 

gender and aids designers in understanding how to promote new technology to the 

consumer.  

Affect 

 Affect describes a physically expressed emotion, or feeling (Doss, 2009). 

Positive affect has been noted as being both innovative and flexible while attaining 

thorough, and efficient outcomes (Isen, 2001). Further supporting the use of affect, 

Holversen, Mata, Rui, and von Bettina, observed an increase in affect decreased the 

threshold for accepting an option (2012). The intent of researching consumers’ 

acceptance of AugCog relies on consumers’ judgment and decision making about 

accepting this new technology. Judgment and decision making research has 

increased its use of how affect influences decision-making (Peters, Västfjäll, Gärling, 

& Slovi 2006). This noted increase is a catalyst behind affect's use in consumers' 

decisions about AugCog acceptance. Peters further supports affect's role on judgment 

and decision making stating affect rationality aids the decision making process to 
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combine dissimilar information, and to use the gleaned insight to understand the 

complexities of our surroundings (Peters et al., 2012).    

  Connecting feeling and emotion to trust and acceptance, Kraemer, Rice, 

Richardson (2014) state emotions are likely to underlie the evaluation process 

between human engagements, and how individuals decide to trust one another 

(2014). Rice et al. follow this understanding by noting, "affect is a major moderator 

of trust." (Rice et al., 2014, p. 8). Couple Rice et al. with Winter’s proclamation, 

“affect acts as a motivator for information processing and behavior.” (Winter, Rice, 

Tamilselvan, & Tokarski, 2016, n. p.). A cogent relationship between trust, affect, 

and consumer acceptance builds the understanding of how consumers' reach a 

decision about a technology they may not have been exposed to.   

Six Universal Faces 

  Ekman and Friesen (1971) were the first to study if there was a universal 

facial expression for emotion across all cultures. Ekman et al. were curious if people 

in the west (literate) that had been exposed to similar facial expression through mass 

media would display the same interpretation of facial expressions as their 

counterparts from New Guinea (pre-literate) (1971). Ekman and Friesen (1971) 

concluded their study had supported their hypothesis, which both children and adults 

associate particular muscular patterns with emotion, and this was constant across 

both literate and pre-literate cultures (1971). The facial expression that Ekman found 

to be constant was anger, disgust, fear, happy, sad, and surprise. This facial 
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expression and their subsequent emotional constant across cultures have been 

expanded upon since Ekman and Friesen's initial finings.   

 Expanding on Ekman and Friesen (1971) study, Winter and Rice (2015) set 

out to explore the mediator affect, and the relation affect or emotion had on 

consumer's perception of pilot configuration. In this study, the pilot configuration 

was defined as the number of pilots on board an aircraft. The researcher's goal was to 

determine consumers' willingness to fly on an aircraft with different pilot 

configurations winter (2015). Two studies were conducted consisting of different 

pilot configurations, the participants were asked to rate their feelings and willingness 

to fly in each pilot scenario. The researchers stated the importance of the study was 

two-fold. First, the study displayed compelling evidence that affect was a mediator, 

and secondly the emotions of happiness, anger, and fear were the emotions that 

drove consumer willingness. Mediating affect, and tying affect into acceptance 

further builds on cultural characteristic traits. Traits such as collectivism, and 

individualism, technology acceptance, as well as willingness to fly are aspects that 

add rational to objective findings. However, Ekman et al. have been challenged, one 

such challenge poses the argument that the six universal faces are not truly universal.  

Counterpoints to the Six Universal Faces 

 Garrod, Jack, and Schyns (2012) refute the use of facial expression stating 

facial expressions displaying emotion are not a universal constant throughout the 

cultures of the world (2012). The universality hypothesis states there are six 
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universal faces that express universal human emotion. Those six facial expressions 

are (anger, disgust, fear, happy, sad, and surprise) (Jack et al., 2012). Jack et al. 

refute the universality hypothesis through the use of a computer-based graphics 

program that regenerated 30 different individual's facial expressions from both 

Western and Eastern cultures. The researchers then reconstructed the individual's 

representation of their six universal facial expressions of emotion (2012). When the 

two groups facial expression represented were compared, the researchers found 

Western individuals use the same distinct facial movements. However, Eastern 

individuals do not follow this universal constant. The researchers found Eastern 

individuals represent their emotional intensity with distinctive eye movements that 

differed from their western counterparts (2012). Concluding that the six universal 

faces are not culturally universal. Furthermore, Jack et al. (2012) state that culture 

influence has the power to shape even the most basic behaviors, refuting the 

previously theory that facial expression was a biological constant.      

Summary 

 The growing body of knowledge on human interaction helps support 

researchers through understanding how consumers will react to new technology. This 

chapter provided an overview of relevant research in areas that included AugCog, 

and Gender. It also explored the collectivist versus individualistic traits of Indians, 

and Americans. Concluding the literature review was an exploration of Affect 

(emotion), and its mediating effect between the six universal faces. Understanding 
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consumer's emotional relation to decision making can provide designers and 

engineers insight on how to best develop new technology.  
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Chapter 3 

Methodology 

Introduction 

 The intent of Chapter three is to discuss the research process, and procedures 

to be conducted. The following will contain the steps completed by the researchers to 

understand and quantify consumers' willingness to fly in aircraft equipped with 

AugCog interfaces. The appropriate methodology and design used to complete this 

study will be addressed. A sample interest and the population will be identified, as 

well as the eligibility of the research participants, the data analysis used to review 

data, and the instruments used to quantify the collected data. The essence of chapter 

three is to provide the reader with an understanding of how the researchers of this 

study came to understand how consumers will respond to AugCog, what emotions 

mediated this response, and how that response was calculated. 

Research Design and Approach 

  The intent of this research is to gauge consumers' willingness to fly in aircraft 

equipped with AugCog. This is a consumer perception study following a quantitative 

methodology. The design of this study is experimental with three independent 

variables, two of which are quasi-experimental. The quasi-experimental variables are 

the participants' country of origin and gender. The third variable is the conditions of 

the interface. Either the interface is non-AugCog, or fully integrated with an 



 35 

AugCog. The reasoning behind categorizing the participants' country of origin and 

gender as quasi-experimental was for the reason that these variables cannot be 

randomly assigned. The dependent variable will be consumer's willingness to fly and 

the mediating variable will be the affect of six universal facial expressions (Ekman & 

Friesen, 1971). The experiment will be followed by a mediation analysis, which 

requires a correlational design. The three criteria that will be met to qualify this 

research as experiments are: random selection of the participants, manipulation of an 

independent variable, and controlling for all other confounds. Random assignment 

accounts for possible confounds, and MTurk randomly assigns participants to either 

non-AugCog interfaces or Fully integrated AugCog interface scenarios.   

  This study will have multiple independent variables; to accommodate the 

factorial design, a three-way analysis of variance (ANOVA) will be used to analyze 

the main effects and possible interactions of these variables. The participants will be 

randomly assigned one of two scenarios. One scenario will be based on a fully 

AugCog equipped flight management system; the other scenario will be a traditional 

non-AugCog flight management system. After the participants read the scenario 

portion, the participants will be asked their emotional response and then a series of 

questions to gauge their willingness to fly. Two scales will be used in this 

experiment. The first scale presents the test participants with randomized faces 

expressing the six universal facial expressions of Ekman and Friesen (1971). This 

scale will be a rating scale from 1 to 10 to rate the strength of their emotion as 

represented through the six universal facial expressions. Next, a valid Likert scale 
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will be used to measure the participant’s response to quantify the participant’s 

willingness to fly (Rice et al., 2015). Following the questionnaire, the participants 

will be asked to provide information concerning their ethnicity, gender, and age. A 

copy of the instrument can be found in Appendix C. 

Research Setting and Sample 

Population 

 Consumers of commercial aviation travel have various cultural backgrounds. 

It is the attempt of this research to represent those variations. Population samples 

will be taken at random from both the United States and India. The United States and 

India will be chosen to represent the distinct differences in culture. These differences 

will be identified in an attempted to capture the global variance in consumer 

population. The samples of the population surveyed will be aviation consumers' with 

access to the Internet, where they will be surveyed with Amazon's ® Mechanical 

Turk ®. (MTurk). 

Sample 

 A sample of the population will be examined through MTurk. The goal of 

this sample population is to emulate the average commercial airline consumer from 

the United States and India. To obtain an accurate sample of the population, 800 

participants will be surveyed and compensated for their participation. MTurk is a 

limiting factor to this study. However, the convenience of this survey technique 

supports its use. The use of MTurk is supported through Cheema, Cryder, and 
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Goodman (2013) who found that MTurk produces the same results as traditional 

sampling techniques, stating that MTurk shares the same classic decision-making 

basis as seen in traditional methods. Participants that have not traveled by way of 

commercial airline service will not be disqualified from this study. 

Power Analysis  

 G*power and an a priori analysis will be used to ensure a proper sample 

population is surveyed to calculate the appropriate amount of data to understand 

consumers' willingness to fly in AugCog equipped Aircraft. The results of those tests 

have found that the total number of participants needed was 128 persons. In order 

calculate the number of individuals in the sample population the following 

parameters have been placed: (0.25) for the medium effect size, alpha level was set 

at (.05), and power of (.08). An F test was selected with fixed effects, special main 

effects, and interactions. The degrees of freedom (df) was set at 1, and the number of 

groups was set at 8. After the analysis, the minimum effects size was determined to 

be 128 total participants, and the critical F value was 3.92. The mediation analysis 

requires 100 participants per condition. Eight different conditions is required 

multiplied by the 100 participants needed a total sample population of 800 was called 

for. 
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Research Instrumentation and Materials 

The Study Instrument 

 The primary data collection instrument for this research is through surveys. 

The surveys are going to be created using Google Forms®. The Participants 

surveyed will be collected through Amazon's ® Mechanical Turk ®. The entire 

survey process will be conducted online, following semantic type survey guidelines. 

All participants will be provided with one of two scenarios conducted through the 

same medium. Participants surveyed will participate in one of two surveys. The first 

survey scenario is a scenario in which the aircraft is fully equipped with AugCog 

flight management systems. The second survey is a traditionally equipped aircraft 

that does not have flight management systems equipped with AugCog.  

 The survey order will begin with qualifying questions that eliminates any 

participant that is under the age of 18. Following this prompt, there will be a section 

that provides survey instructions, and a description of what AugCog is, how it works, 

and its intended use aboard the aircraft. Following age requirements and AugCog 

descriptions, the scenarios will change. The first survey will describe a scenario in 

which the flight management systems aboard the aircraft will contain AugCog. An 

example of that scenario is as follows:  

“Imagine that you’re a passenger on a 5-hour commercial international flight. You 

are told that the pilots on board WILL BE flying the aircraft through the aid of flight 
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management computers that are fully equipped with Augmented Cognition 

technology.” 

 The second survey will provide the participants with a scenario that does not 

contain AugCog flight management computers. That scenario reads as follows:  

“Imagine that you’re a passenger on a 5-hour commercial international flight. You 

are told that the pilots on board WILL NOT BE flying the aircraft through the aid of 

flight management computers that are fully equipped with Augmented Cognition 

technology.” 

Following the scenario section both surveys will ask the same series of questions. 

These questions are the same and do not differ between scenarios one and two. The 

six universal faces will be used to understand how strongly the participants feel 

(affect) about the scenarios. After the participants describe their willingness to fly 

they will be asked to rate their emotion using Ekman and Friesen's six universal 

facial expressions (1971). This will be accomplished through a 1-to-10 scale. 

Beginning with 1 stating, “I do not feel this way at all”, where as 10 will state “I 

extremely feel this way”. Each rating will have a facial expression next to it. The 

rating of the participants will be based on which number from 1 to 10 the participants 

select. However, the participants will not see the numerical value on the scale. 

Researchers will use this scale to quantify the value of the participant’s response to 

rating their emotion through the six universal faces. A survey sample can be found in 

Appendix C. 
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 After the six universal faces section, the participants will be asked to rate 

their willingness to fly. This will be accomplished through asking the participants to 

fly based on this scenario's seven questions involving the participant's willingness to 

fly based on a traditional five-point Likert scale. The scale consisted of the following 

ratings, Strongly Disagree (-2); Disagree (-1); Neutral (0); Agree (+1), and Strongly 

Agree (+2), the neutral position was set to 0 consumer Willingness to Fly Scale (Rice 

et al., 2015). The willingness to fly scale can be located in Appendix A. Concluding 

both scenarios the participants will be asked demographics questions, instructions for 

reimbursement, and thanking them for their participation.  

Variables 

Independent Variable 

 The three independent variables being measured in this study are the 

condition (AugCog equipped or no AugCog), country of origin, and gender. The first 

independent variable is AugCog conditions, which will be fully equipped flight 

management systems, or traditional non-AugCog equipped flight management 

systems. The second independent variable is the country of origin with two 

conditions, either American or Indian. The third independent variable is the gender 

of the participants, having two conditions, either male or female. 

Dependent Variables  

 The dependent variable is consumers' willingness to fly. To determine the 

score of the dependent variables; subject's response to the Likert-type scale was 
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calculated (see Appendix A). The internal consistency will be calculated from the 

average of the test participants scores and will be derived from the participant’s 

willingness to fly. 

Mediating Variable 

 The mediator will assess the relationship between the independent variables 

of the condition, country of origin, and gender against the dependent variable of 

consumers' willingness to fly in an aircraft that is either equipped with an AugCog 

flight management systems or containing a traditional system. Understanding the 

mediating variable between the IV, and DV will allow researchers a broader 

understanding of the relationship between the affect, or emotion represented through 

the six universal facial expressions, and how that facial expression represents 

consumers' willingness to fly with the new technology of AugCog (1971).        

Data Analysis 

  Data analysis for this research will be conducted using a 3-way ANOVA, as 

well as a mediation analysis. The alpha level of significance was set at 0.05. The 

obtained results of this analysis will yield the statistical outcomes used to define and 

present the results of this study. The statistical results will be analyzed to interpret 

and relate them to the research question. The findings of the statistical analysis will 

either support or fail to support the research hypothesis. The overall intent of the 

statistical analysis is to determine if the independent variable has an effect on the 

consumers' willingness to fly. The mediation analysis that will be conducted to 

determine which, if any, emotions, represented by the six universal facial 
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expressions, mediate the relationship between the condition and the outcome of this 

experiment. IBM SPSS will be used to analyze the data that is going to be collected 

from the conducted surveys.    

Eligibility Requirements of the Participants 

 The participants of this study are going to be American and Indian males and 

females over the age of 18. Participants will likely not be harmed either physically or 

mentally during their participation in this study, and the study will not provide any 

greater risk than normal daily activities. Commercial airline travel or aviation 

knowledge will not preclude any test participants. There are no prerequisites for any 

of the participants other than being 18 years or older and American or Indian. 

Participants’ protection 

 Google Forms will be the online survey tool used to conduct the survey 

portion of this research experiment. This service does not require the participants to 

divulge any personal information. All necessary steps will be taken during this 

research to protect participants' identity. At no time will the particiapants be asked to 

provide information about their identity other than the demographic data of age, 

gender, and country of origin. The researcher will take all available measures to 

ensure anonymity and confidentiality of the survey and questions regarding this 

study. 
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Legal and Ethical Considerations 

 The participants in the research will be 18 years of age or older, excluding all 

minors under the consenting age of 18. The only information requested from the 

participants is going to be gender, age, and country of origin. There is no expected 

mental or physical risk associated with this study beyond normal daily activities. The 

participants will answer the questions through Amazon's ® Mechanical Turk ®, and 

Google Forms. This information cannot be used against them in any legal manner. 

The participants will not face any social, psychological, or physical risk as a result of 

participating in this research. A copy of the IRB approval can be found in Appendix 

D. 

Summary 

  The purpose of chapter three was to outline all necessary items needed to 

conduct research into consumers' willingness to fly in aircraft equipped with AugCog 

flight management systems. The appropriate methodology and design used to 

complete this study were addressed. A sample and the population were identified, as 

well as the eligibility of the research participants, the data analysis used to collect 

data, and the instruments used to quantify that data. The legal and ethical 

considerations of the participants were discussed. The information laid out in this 

chapter is the basis for chapter four which is the narrative and graphical 

representation of the data that will be collected from the surveys and scenarios.  
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Chapter 4 

Results 

Introduction 

 The purpose of this chapter is to describe the findings of the research 

conducted. This study explored consumers’ willingness to fly in aircraft equipped 

with Augmented Cognition (AugCog). The purpose of this quantitative experimental 

study was to determine to what extent AugCog condition, country of origin, and 

gender affected an aviation consumer’s willingness to fly. Furthermore, this study 

attempted to find what emotion mediated the consumers’ decisions. The participants 

in this study were from the United States and India. The participants were recruited 

through Amazon’s ® Mechanical Turk ® (MTurk). Participants were asked to 

complete a survey involving American, and Indian consumers’ willingness to fly in 

aircraft equipped with AugCog or without. The consumers were surveyed through 

Google ® Forms. 

Initial Data Analysis 

 A data analysis was conducted using IBM’s SPSS software as previously 

discussed in chapter 3. An initial assessment of the data was completed. Following 

that, the descriptive statistics were discussed in the following section, as well as the 

three-way ANOVA, and the mediation analysis.     
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Outlier Analysis 

 An outlier analysis was performed to determine if outliers were present. This 

analysis produced boxplots in SPSS. The product created in the outlier analysis from 

SPSS detected two categories of outliers, 10 outliers, 2 extreme points. To analyze 

the strength of an outlier, SPSS states a data point that is more than 1.5 box-lengths 

from the edge of that data point’s boxplot is an outlier. The outlier analysis indicated 

outliers were present in several groups, and each of the outliers was classified as 

greater than 1.5 box-lengths, but smaller than 3 box lengths from the edge of the 

boxplot. One outlier was found in the none AugCog condition gender male boxplot. 

This outlier was greater than 1.5, but less than 3 box-lengths from the edge of the 

box. Four outliers were found in the American male with AugCog boxplot. All four 

of the outliers were greater than 1.5, but less than 3 box-lengths from the edge of the 

box plot. The boxplot for Indian males, with AugCog indicates three outliers; all 

three outliers were greater than 1.5 box lengths but less than three box lengths. The 

boxplot for Indian females with AugCog indicated one outlier was greater than 1.5 

box lengths, but smaller than 3 box lengths. 

 There were three possible reasons for the outlier analysis conclusion. The 

possibilities are data entry errors, measurement errors, or unusual responses by the 

participants (Laerd Statistics n.d.). Data entry errors were not likely in this research 

due to the study design. Data was not entered, it was compiled by Google Forms ®, 

and the file was simply downloaded for analysis. This reduced any data entry 

procedures, and the outliers were reviewed in this dataset. Measurement errors were 
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unlikely. The outliers observed were within the possible range of responses from 

respondents. As such it is unlikely that these outliers represented measurement 

errors. Upon completion of the box-plot analysis it was determined that the outliers 

were not unusual values. Therefore, the outliers were retained for the data analysis. 

Assumption Testing 

 When conducting a three-way ANOVA six assumptions must be considered. 

There must be a dependent variable that is measured at the continuous level. The 

dependent variable in this study is willingness to fly. This variable is measured as a 

participant’s reported willingness to fly on an aircraft as a passenger in a given 

scenario. The participant’s decision is measured on a 7-statement Likert scale, with 

the responses being averaged to produce one-score per participant. Another 

assumption of this three-way ANOVA is there are three independent variables. Each 

independent variable consists of two or more categorical, independent groups. The 

independent variables for this study were participant’s gender, their country of origin 

and the condition of AugCog. Each independent variable is dichotomous, meaning 

there are only two conditions each independent variable can be. Gender: male or 

female, country of origin: American or Indian, and condition of AugCog, all or none. 

The third assumption is the independence of observations; this means there is not a 

relationship between the observations within each group of independent variables, or 

between the individual groups. The nature of this research was designed to consider 

this assumption violation. The nature of Amazon’s ® Mechanical Turk ® (MTurk) 
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creates an environment in which it would be extremely difficult to violate the 

assumption of independence due to the high volume of the population. 

 The fourth assumption of the three-way ANOVA stated there were no 

significant outliers in the data set as previously addressed. The fifth assumption 

stated the dependent variable is normally distributed. In this study, it was determined 

that the fifth assumption was violated. The Shapiro-Wilk test of normality states for 

there to be normal distributions the test results must show significance greater than 

.05 (p > .05). However, while this assumption was violated, the three-way ANOVA 

has been shown to be robust to deviations of normality (de Haan, Bauerschmidt, van 

Schaik, Piek, Buydens, & Wehrens, 2009). This is amplified, as the sample size 

grows larger. In this study, a G*power analysis was conducted. The results 

concluded that a sample size N of 100 would suffice. In this study (N = 811) meeting 

the G*power requirements, and accounting for any deviations of normality.      

 The sixth assumption is the homogeneity of variance. Meaning, the variance 

of the dependent variable should be equal. To detect homogeneity of variance 

violations the Levene’s Test of Equality of Error Variances was conducted. The 

results of the Levene’s test indicated a violation of homogeneity of variances (p < 

.001). As such, assumption six was violated. However, ANOVA has been shown to 

be robust to violations of homogeneity of variance so long as the N groups are 

relatively equivalent (de Haan et al., 2009).  

Research Tools 
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 The survey instruments employed to collect the data was Google ® Forms and 

Amazon’s ® Mechanical Turk ®. The data was compiled in Microsoft Excel, and the 

statistical analysis software used was IBM’s SPSS Version 24. The participants 

surveyed were from the United States and India. These participants had access to the 

Internet and Amazon’s ® MTurk accounts. This study contained multiple 

independent variables; to accommodate the factorial design, a three-way analysis of 

variance (ANOVA) was used to analyze the main effects and interactions of the 

variables. The participants were randomly assigned one of two scenarios. One 

scenario was based on a fully AugCog equipped interface; the other scenario was a 

traditional non-AugCog interface. After the participants read the scenario portion, 

the participants were asked their emotional response and then a series of questions to 

gauge their willingness to fly. Two scales were used in this experiment. The first 

scale presented the test participants with randomized facial expressions using the six 

universal facial expressions of Ekman and Friesen (1971). The scale rating was from 

1 to 10 rating the strength of the participant’s emotion as represented through the six 

universal facial expressions. Next, a valid Likert scale was used to measure the 

participant's response to quantify the participant's willingness to fly (Rice et al., 

2015). This scale consisted of seven statements for the participants to rate their 

willingness to fly. The scale used a Likert-type scale of strongly disagree (-2) to 

strongly agree (+2) with zero as the neutral point. Following the questionnaire, the 

participants were asked to provide demographic information concerning their 
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ethnicity, gender, and age. A copy of the instrument used can be found in Appendix 

C. 

Data Analysis 

Descriptive Statistics 

 The sample size of this experiment contained 812 participants. The 

experiment contained 488 (60.1%) males, and 324 (39.9%). There were 412 

Americans and 400 Indians. In the American control condition, there was a total of 

209 participants: 107 males and 102 females. The average age of the males was 

31.95(SD = 9.03), and for the females, it was 36.97 (SD = 10.60). The combined 

average age of the American control participants was 34.40 (SD = 10.17). In the 

American experiment condition, there was a total of 203 participants: 120 males and 

83 females. The average age of the males was 33.05 (SD = 9.90), and for the 

females, it was 36.57 (SD = 12.66). The combined average age of the American 

experiment was 34.49 (SD = 11.28). In the Indian control condition, there were a 

total of 201 participants: 142 males and 59 females. The average age of the males 

was 31.46 (SD = 9.60), and the female’s average age was 31.56 (SD = 8.40). The 

combined average age of the Indian control survey was 31.50 (SD = 9.28). In the 

Indian experiment condition, there were a total 199 participants: 119 males, and 80 

females. The average age of the males was 29.76 (SD = 8.00), and for the females, it 

was 29.98 (SD = 8.40). The combined average age in the Indian experiment was 

29.81 (SD = 8.19). Table 1 presents the descriptive statistics for all participants. 
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Table 1  

Descriptive statistics of Age and Country of Origin by Gender 

Condition 

Country of 

Origin 

Gender Age (M) 

Std. 

Deviation 

(SD) 

N 

No AugCog 

USA 

Male 31.95 9.03 107 

Female 36.97 10.60 102 

India 

Male 31.46 9.60 142 

Female 31.56 8.40 59 

AugCog 

USA 

Male 33.05 9.90 120 

Female 36.57 12.66 83 

India Male 29.76 8.00 119 

  Female 29.98 8.40 80 

 

Inferential Statistics 

 A three-way Analysis of Variance (ANOVA) was selected as the hypothesis 

testing procedure and conducted using IBM’s SPSS software. The 3-way ANOVA 

was chosen to investigate the possible relationships that exist between the 

independent and dependent variables. The independent variables explored were 

country of origin, condition of AugCog and participant’s gender. The dependent 

variable was willingness’ to fly. Each independent variable had two levels allowing 
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for a 2 x 2 x 2 factorial ANOVA. To demonstrate statistical significance, the p-

values were set at .05. 

Power Analysis  

 A G*power and an a priori analysis were used to ensure a proper sample 

population was surveyed. The results of those tests found 128 participants were 

needed. To calculate the number of individuals in the sample population the 

parameters were placed at: (0.25) for the medium effect size, the alpha level was set 

at (.05), and a power of (.80) was selected. An F test was selected with fixed effects, 

special main effects, and interactions. The degrees of freedom (df) was set at 1, and 

the number of groups was set at 8. The results indicate the minimum sample size was 

128 participants, and the critical F value was 3.92. The mediation analysis required 

100 participants per condition. Using eight conditions to conduct this study, it was 

declared that 800 participants would be surveyed.  

ANOVA  

 The purpose of the 3-way ANOVA was to determine if any main effects and 

interactions existed for the dependent variable willingness to Fly. The results of the 

ANOVA analysis did not indicate a three-way interaction between country of origin, 

condition, and gender, F(1, 804) = 1.057, p = 0.30, ηp
2 = 0.001. There were, 

however, two statistically significant two-way interactions between country and 

condition F(1, 804) = 8.29, p < 0.01, ηp
2 = 0.010, and country and gender, F(1, 804) 

= 19.35, p < 0.001, ηp
2 = 0.024. These findings suggest Indians were less willing to 

fly without AugCog than their American Counterparts, but more willing to fly with 
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AugCog than Americans. Concerning country and gender, American males and 

Indian females were more willing to fly than Indian males and American females. 

The two-way interaction between condition and gender was not statistically 

significant, F(1, 804) = 0.620, p = 0.431, ηp
2 = 0.001. There were significant main 

effects for Gender, F(1, 804) = 6.19, p < 0.05, ηp
2 = 0.008, and condition, F(1, 804) 

= 33.00, p < 0.001, ηp
2 = 0.039, however, these significant main effects are qualified 

by the significant interaction. The main effect for country was not statistically 

significant, F(1, 804) = 0.38, p = 0.538, ηp
2 < 0.001. Figure 1 presents the overall 

data from the study, while Figures 2 and 3 visually depict the significant two-way 

interactions. The ANOVA output data can be seen in Table 2. 

Table 2 

Three-Way Analysis of Variance Output of Willingness to Fly 

Source df 

Sum of 

Squares 

F Ratio Prob >F 

Partial Eta 

Squared 

Model 7  10.963 0.000 0.087 

Country 1 0.341 0.379 0.538 0.000 

Condition 1 29.720 33.003 0.000** 0.039 

Gender 1 5.573 6.188 0.013* 0.008 

Country*Condition 1 7.467 8.293 0.004** 0.010 

Country*Gender 1 17.427 19.352 0.000** 0.024 

Condition*Gender 1 0.558 0.620 0.431 0.001 
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Country*Cond*Gen 1 0.592 1.057 0.304 0.001 

Error 804 724.003    

Corrected Total 811 793.106    

Note: * = p < 0.05; ** p < 0.01 

 

  

 

Figure 1. Willingness to fly Country, Condition, Gender. Standard error bars 

depicted. 
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Figure 2. Two-way interaction between country and gender. Standard error bars 

depicted. 

 

Figure 3. Two-way interaction between country and condition. Standard error bars 

depicted. 
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 Mediation Analysis 

 A mediation analysis using Hayes (2013) bootstrapping method of multiple 

mediation analysis was used to determine if emotion had a mediating effect on the 

dependent variable (willingness to fly). To determine if an effect was present, the 

95% confidence interval (CI) using 10,000 bootstrapping samples was examined. In 

the event that the 95% CI figures did not contain zero a statistically significant 

indirect mediating effect could be declared. 

 Mediation analyses were conducted on the statistically significant 

relationship between willingness to fly and condition of AugCog. The results of the 

analysis indicated that fear and happiness were significant. The 95% CI for 

American males fear was .0662 to 03263, and the 95% CI for happiness was .0530 to 

.2168. The value 0 does not fall within these CI ranges. Therefore, these emotions 

were considered significant mediators for willingness to fly and condition of 

AugCog. Results of the mediation analysis for American females indicated the 

emotion happiness was a significant mediator for willingness to fly and condition of 

AugCog. The 95% CI for happiness was .0542 to .3383. Results for Indian males 

indicated happiness was significant. The 95% CI was .1374 to .3866, and the results 

for Indian females was .0643 to .4265. Happiness was therefore considered 

significant mediators for willingness to fly and condition of AugCog. The value 0 

does not fall within any of the CI ranges for happiness across all countries, and 

genders indicating these emotions are significant mediators for AugCog.         
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Decision on Hypotheses  

 The purpose of this study was to research the feasibility of implementing 

commercial aircraft with AugCog interfaces. This experiment observed the survey 

responses from 812 Americans and Indians. The research participants provided their 

willingness to fly based on two hypothetical scenarios: one in which an aircraft was 

equipped with AugCog flight management, and one that was traditionally equipped 

(non-AugCog). The participant’s willingness to fly was measured through affect 

(emotion), represented through the six universal facial expressions (Ekman & 

Friesen, 1971). 

 In total there were six null, and six alternate hypotheses created to guide this 

study, the purpose of which was to determine if condition of AugCog, country of 

origin and gender have an effect on a passengers willingness to fly. The first null 

hypothesis (H01) stated there is no significant difference in consumer’s willingness 

to fly in aircraft equipped with AugCog. Conversely, the alternate hypothesis (H11) 

stated there would be a significant difference in consumers’ willingness to fly in 

aircraft equipped with AugCog. For RQ1, we reject the null hypothesis (H01). There 

is a statistically significant result displaying that AugCog condition affects 

consumers’ willingness to fly, F(1, 804) = 33.00, p < 0.001, ηp
2 = 0.039. Results 

indicated that participants are more willing to fly in an aircraft equipped with 

AugCog (M = 0.71, SD = 0.87) than without AugCog (M = 0.30, SD = 1.06). 

 The second null hypothesis (H02) states there is no significant difference in 

consumers’ willingness to fly in aircraft equipped with AugCog based on country of 
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origin, and the alternate hypothesis (H12) stated there is a significant difference in 

consumers’ willingness to fly in aircraft equipped with AugCog based on country of 

origin. For RQ2, we fail to reject the null hypothesis as there is not a statistically 

significant outcome (H12), F(1, 804) = 0.38, p = 0.54, ηp
2 < 0.001. Results indicated 

that participants from India are not more willing to fly (M = 0.50, SD = 0.93) than 

participants from the United States (M = 0.50, SD = 1.04). 

 The third null hypothesis (H03) states there is not a significant difference in 

consumers’ willingness to fly in aircraft equipped with AugCog based on participant 

gender, and the alternate hypothesis (H13) stated there is a significant difference in 

consumers’ willingness to fly in aircraft equipped with AugCog based on participant 

gender. For RQ3, we reject the null hypothesis (H03) as there was a significant 

difference, F(1, 804) = 6.19, p < 0.05, ηp
2 < 0.008. Results indicated that females 

were less willing to fly (M = 0.40, SD = 1.02) than males (M = 0.57, SD = 0.96). 

 The fourth null hypothesis (H04) stated there would not be a significant 

interaction between IV’s. While the alternate hypothesis stated (H14), there would be 

a significant interaction between variables. For RQ4, we reject the null hypothesis, as 

there were two significant two-way interactions. First between country and 

condition, F(1, 804) = 8.29, p < 0.01, ηp
2 = 0.010. Results indicated that participants 

from the United States are more willing to fly without AugCog (M = 0.39, SD = 

1.09) than participants from India (M = 0.20, SD = 1.01), however, Indians were 

more willing to fly with AugCog (M = 0.81, SD = 0.73) than participants from the 

United States (M = 0.61, SD = 0.98). Second, there was a significant interaction 
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between country and gender, F(1, 804) = 19.35, p < 0.001, ηp
2 = 0.024. American 

males (M = 0.72 ., SD = 0.95 ), and Indian females (M = 0.64., SD = 0.88 ) are more 

willing to fly than American females (M = 0.23 ., SD = 1.08), and Indian Males (M = 

0.43, SD = 0.0.95). There was not a significant interaction between condition and 

gender, F(1, 804) = 0.620, p = 0.43, ηp
2 = 0.001, nor between country of origin, 

condition, and gender, F(1, 804) = 1.057, p = 0.30, ηp
2 = 0.001.  

 The fifth null hypothesis (H05) stated that affect does not mediate the 

relationship between conditions, and the fifth alternate hypothesis (H15) stated that 

affect does mediate the relationship between conditions. For RQ5, we reject the null 

hypothesis. There were mediating variables between the condition of AugCog and 

the subject’s willingness to fly.  

 For the sixth and final null hypothesis (H06), it was stated that none of the 

universal facial expressions would mediate the relationship between conditions. 

Opposing this hypothesis was the alternate (H16) stating that at least one of the six 

universal facial expressions mediates the relationship between conditions. For RQ6, 

we reject the null hypothesis (H06). Results of the mediation analysis indicate that 

fear and happiness served as significant mediators. For American males, the 95% CI 

for fear was .0662 to .3263, and the 95% CI for happiness .530 to .2168. For 

American females, the 95% CI for happiness was .0542 to .3383. For Indian Males, 

the 95% CI for happiness was .1374 to .3866, and for Indian Females, the 95% CI 

for happiness was .0643 to .4265. 
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Summary 

 The purpose of this study was to determine if the AugCog condition, country 

of origin, and participant gender had a significant impact on consumers’ willingness 

to fly in an aircraft equipped with a flight management system (FMS) operating 

under AugCog principles. A second interest in this study was to determine which if 

any emotions mediate a consumers’ decision to fly with AugCog technology. As a 

result of the three-way ANOVA and the Mediation analysis, statistically significant 

results were observed. Six research questions were posed, and all but one null 

hypothesis was rejected. Statistically significant results indicate that condition of 

AugCog affects a passenger’s willingness to fly. Furthermore, a significant two-way 

interaction exists for country of origin and condition of AugCog, as well as for the 

country of origin and gender. The mediation analysis indicated that happiness 

mediates across participants, with the addition of fear as a mediating variable for 

American males. The results of this analysis may provide insight into consumer 

acceptance AugCog, as well as design, and implementation of this new technology. 

A discussion of these findings will be provided in Chapter 5. 
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Chapter 5 

Conclusion 

 The purpose of this study was to examine if the Augmented Cognition 

(AugCog) condition, country of origin, and gender have an effect on consumers’ 

willingness to fly. The second goal of the study was to determine what emotions 

mediate the relationship between the independent variables (IV). There were three 

independent variables in this study: condition of AugCog, country of origin, and 

gender. Each of these IVs was comprised of two levels. The AugCog condition was 

either fully equipped, or not equipped, country of origin was either American, or 

Indian, and gender was either male or female. The dependent variable (DV) for this 

study was the willingness to fly. 

 This study also researched what mediating variables (emotions) influenced 

participant’s willingness to fly. The mediating variable presented as the six universal 

emotions identified by Ekman and Friesen (1971). This study surveyed a total of 812 

participants (324 females) from the United States (412 participants) and India. The 

survey described to the participants a scenario in which the aircraft they were on was 

equipped with AugCog flight management systems (FMS) or not equipped with 

AugCog FMS. Each participant was asked to rate his or her willingness to fly using 

the willingness to fly scale created and validated by Rice et al. (2015). The data 

collected from the participant’s responses were analyzed using a three-way ANOVA. 

Following the ANOVA results, a mediation analysis was completed. The design of 
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the study followed six research questions; these research questions guided the study, 

as presented in the following: 

 

RQ1) What effect does Augmented Cognition have on passengers’ willingness to fly 

in aircraft equipped with Augmented Cognition? 

H01) There is no significant difference in consumer’s willingness to fly in aircraft 

equipped with Augmented Cognition. 

H11) There is a significant difference in consumers’ willingness to fly in aircraft 

equipped with Augmented Cognition.  

RQ2) What effect does Augmented Cognition have on passengers’ willingness to fly 

based on country of origin? 

H02) There is no significant difference in consumers’ willingness to fly in aircraft 

equipped with Augmented Cognition based on country of origin. 

H12) There is a significant difference in consumers’ willingness to fly in aircraft 

equipped with Augmented Cognition based on country of origin. 

RQ3) What effect does Augmented Cognition have on passengers’ willingness to fly 

based on participant gender? 

H03) There is no significant difference in consumers’ willingness to fly in aircraft 

equipped with Augmented Cognition based on participant gender. 

H13) There is a significant difference in consumers’ willingness to fly in aircraft 

equipped with Augmented Cognition based on participant gender. 
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RQ4) How does consumers’ willingness to fly with Augmented Cognition equipped 

aircraft create any interactions? 

H04) There is no significant interaction between variables. 

H14) There is a significant interaction between variables. 

RQ5) Will affect mediate the relationship between the conditions? 

H05) Affect does not mediate the relationship between conditions. 

H15) Affect does mediate the relationship between conditions. 

RQ6) What universal faces will act as mediators between the conditions? 

H06) None of the universal facial expressions mediate the relationship between 

conditions. 

H16) At least one of the six universal facial expressions mediates the relationship 

between conditions. 

Summary of Findings 

 

ANOVA Analysis 

  A three-Way ANOVA for willingness to fly was conducted to determine if 

there were any significant main effects, two-way, or three-way interactions between 

variables. The three-way ANOVA for willingness to fly did not indicate a three-way 

interaction between country of origin, condition, or gender. A statistically significant 

main effect was observed for Gender as well as for condition; qualified by significant 

interactions. Also, there were two statistically significant two-way interactions 

between country and condition, as well as country and gender. These findings 
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support the conclusion that Indians are less willing to fly without AugCog than their 

American Counterparts, meaning Indians are more willing to fly with AugCog than 

Americans. The second statistically significant two-way interaction was observed 

between country and gender, suggesting American males and Indian females were 

more willing to fly than Indian males and American females.  

Mediation Analysis  

 A multiple mediation analysis was used to determine if emotion had a 

mediating effect on the dependent variable willingness to fly. Results indicated that 

fear and happiness were significant mediators between the condition of AugCog and 

willingness to fly. Fear was only present in American males, whereas happiness was 

observed as being a significant mediator across all participants surveyed. 

Discussion 

 A series of research questions were created to act as a compass that would 

guide this research. The first question was, “What effect does Augmented Cognition 

have on passengers’ willingness to fly in aircraft equipped with Augmented 

Cognition?” The null hypothesis for the first research question proclaimed there is 

not a significant difference in consumer’s willingness to fly in aircraft equipped with 

Augmented Cognition, and to the contrary, the alternate hypothesis asked if there is a 

significant difference in willingness to fly.  

Results of the three-way ANOVA indicated a main effect for condition of 

AugCog. The survey participants displayed a higher willingness to fly in aircraft 
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equipped with AugCog. The average willingness to fly in aircraft equipped with 

AugCog was greater when compared to that of a traditionally equipped aircraft. 

These findings follow previous studies related to the technology acceptance model 

(TAM). A system could fail to garner acceptance if the results of using a new 

technology fail to yield tangible increases in productivity (Venkatesh & Davis 2000). 

Consumers may recognize the added safety benefit of AugCog equipped flight 

management systems (FMS) and therefore, may be more willing to fly. According to 

TAM, individuals were more accepting of new technology if that technology 

increased that individual's status within the working group. Social acceptance of the 

new technology would increase the use of the new technology (Venkatesh & Davis, 

2000), and passengers may perceive this technology to enhance the flight experience. 

It should also be noted that the main effect of condition is qualified by significant 

interactions discussed below. 

 The second research question of this study was “What effect does Augmented 

Cognition have on passengers’ willingness to fly vary based on country of origin?” 

The null hypothesis for the second research question was no significant difference in 

consumers’ willingness to fly in aircraft equipped with Augmented Cognition based 

on country of origin will be observed, and to the contrary, the alternate hypothesis 

asked if there is a significant difference of willingness to fly based on country of 

origin. 

 The results indicated that the main effect of country of origin was not 

significant. This indicates that the variable of country alone did not significantly 
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influence the dependent variable of willingness to fly. However, this non-significant 

main effect is qualified by a significant two-way interaction between country of 

origin and conditions and country of origin and gender. These interactions are 

discussed under research question four. 

 The third research question explored “What effect does Augmented 

Cognition have on passengers’ willingness to fly based on participant gender?” The 

null hypothesis for the third research question stated there would not be a significant 

difference in consumers’ willingness to fly in aircraft equipped with Augmented 

Cognition based on participant gender, and to the contrary, the alternate asked if 

there would be a statistically significant difference in consumers’ willingness to fly 

with AugCog based on gender. Results of the three-way ANOVA indicated a 

significant main effect for gender. Results of this analysis suggest males are more 

willing to fly than females. 

 The fourth research question posed was, “How does consumers’ willingness 

to fly with Augmented Cognition equipped aircraft create any interactions?” The null 

hypothesis for the fourth research question was there would not be a significant 

interaction between variables, while the alternate hypotheses asked if there would be 

a significant interaction between the variables. 

 The purpose of this study was to determine consumer willingness to fly on an 

aircraft equipped with AugCog. Previous studies concerning risk propensity and 

gender, as well as variations in decision-making, have found that males and females 

perceive risk levels differently (Byrnes, Miller, & Schafer, 1999; Powell & Ansic, 
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1997; Schubert, Brown, Gysler, & Brachinger, 1999). Further studies support these 

findings, Powell, and Ansic (1997) found males to be more risk seeking than 

females. Conversely, Byrnes (1999) found that females have less risk-taking 

tendencies than males. In addition, females have been found to be more risk averse 

than males (Schubert et. al. 1999). Accepting new technologies assumes some risk, 

this holds true if the technology is not available in the consumer market. Our 

findings suggest that gender has an effect on willingness to fly. 

Results of the three-way ANOVA specified a significant two-way interaction 

between country of origin and condition of AugCog. This result indicates the effect 

of AugCog (all, or none) on willingness to fly depends on the country the 

participants are from and vice-versa. A possible explanation for this interaction may 

be related to the cultural difference between the two countries. Hofstede’s Cultural 

Values index describes India as a collectivist society; on the opposite spectrum, the 

United States scores highly as an individualistic society (Hofstede, 1984). Societal 

tendencies for collectivist’s trend towards trust. In the case of AugCog and trust, the 

relationship may exist in AugCog’s ability to increase pilot performance. This 

performance increase creates a more reliable system. A system augmented through 

adaptive interfaces in which passengers are more willing to fly within, as measured 

through a greater increase in Indian passengers willingness to fly when compared to 

Americans. Comparatively, individualistic societies have a tendency to be more 

individualistic by nature. People that grow up in individualistic societies display 

traits in common with self-focus and less of a regard for the group than 
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individualistic societies. It has been observed that and individualistic society places 

emphasis on securing one’s own success and livelihood. Self-sufficiency and 

autonomy are a priority in individualistic cultures (Bochner, 1994; Kashima & 

Callan, 1994).  

The findings also indicated a significant interaction between country of origin 

and gender, indicating that American males and Indian females were more willing to 

fly with AugCog compared to Indian males and American females. This is a unique 

and interesting interaction because it appears that both cultural and gender issues 

impact the decision of willingness to fly. This difference between collectivist and 

individualistic societies has been studied for some time. Researchers Twenge, 

Campbell, and Gentile (2012) describe individualistic societal systems highlight 

individual rights when celebrating individual self (Hofstede’s individualism index 

for America was 91); this is in contrast to that of collectivist societies that place 

emphasis on the greater genus (Hofstede’s individualism index for India was 48) 

(2012) (Hofstede, 1984). Twenge et al. conclude through observations of 

individualistic words and phrases that Americans have become increasingly 

individualistic since the 1960’s (2012). Comparatively, the literature on gender 

suggests that males are more likely to take risks than females. It is possible the 

finding indicates the risk-taking perspectives of individualistic American males over 

the more collectivist Indian males, while the collectivist attitudes to Indian females 

surpass their risk aversion over individualistic American females. This is a finding 
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that necessitates further research and investigation (Byrnes, Miller, & Schafer, 1999; 

Powell & Ansic, 1997; Schubert, Brown, Gysler, & Brachinger, 1999). 

 The fifth research question explored asked “Will affect mediate the 

relationship between the conditions?” where affect was a specific emotion 

represented by the six universal facial expressions. The null hypothesis for the fifth 

research question was affect does not mediate the relationship between conditions, to 

the contrary, the alternate hypothesis asked if affect does mediate the relationship 

between conditions. The findings suggest that affect does have a mediating effect in 

this study. Affect or emotions have been shown in previous studies to influence 

decisions. Bechara (2004) describes emotions as the added layer of variability to a 

decision making process. Emotional decision-making is a fundamental trait of 

humans. Perrewe (2004) found that humans often times have difficulty separating 

emotions from their decision-making process. Thu supporting our findings that affect 

does have a mediating effect on willingness to fly.   

 The sixth research question asked which, if any, of the six universal facial 

expressions would mediate between the conditions. The null hypothesis for the sixth 

research question was none of the six universal facial expressions would mediate the 

relationship between the conditions, and the alternate hypothesis stated at least one 

of the six universal facial expressions would mediate the relationship between 

conditions. From the mediation analysis, American males were more fearful when 

AugCog was not present, and vise-versa. Happiness mediated across all genders for 
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condition of AugCog, and thus all participants displayed the emotion of happiness 

when aircraft were equipped with AugCog FMS.  

 Ajzen’s theory of planned behavior (1991) also known as the 

“Ajzen/Fishbein Model” is the dominant attitude theory used by social psychologists 

to date (Schwenk & Möser 2009). The study has been used to predict behavior. 

Schwenk and Möser (2009) further investigated the accuracy of this model, and their 

study found a substantial correlation between intention and behavior (Schwenk & 

Möser 2009). Thus supporting the notion that actions are based on a weighted 

decision taking into account expectancy-value decisions (expectancy or values affect 

decisions), and the probability of making the most apt decision. Meaning a person 

behavior influences their decision-making process. Happiness positively influences 

decision-making about willingness to fly in an aircraft equipped with AugCog. This 

finding was evident in an increased willingness to fly.   

 Concluding the mediation analysis a finding of fear, and happiness were 

observed to be significant mediators. Where fear was only observed in American 

males, happiness was observed across all participants. Baumeister, Vohs, and 

DeWall (2016) question the idea that “the direct causation of behavior is the primary 

function of emotion” (Baumeister, Vohs, & DeWall, 2016, n.p.). Baumeister et al. 

(2016) state “emotion as a feedback system whose influence on behavior is typically 

indirect. By providing feedback and stimulating retrospective appraisal of actions, 

conscious emotional states can promote learning and alter guidelines for future 
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behavior” (n.p.). Therefore, a person’s emotional state can have a direct impact on 

their decision making process. 

 Fear, as observed in American males may have acted as a mediating variable 

because of the associated risk of flying in an aircraft that is perceived to be less safe 

than a comparable aircraft that is equipped with more intelligent flight management 

systems. When provided the ability to choose between two scenarios American 

males were fearful to fly in an aircraft that was not equipped with AugCog. 

However, further research is needed to understand why this fear exists as a mediator 

for American males.  

 Baumeister et al. (2016) discussed prior events create emotions that act as 

feedback, this feedback influences future decision. Happiness was observed as a 

significant mediator between conditions of AugCog and willingness to fly. 

Happiness may have acted as a mediating emotion for willingness to fly based on the 

perceived increased safety of the technologically advanced system. Happiness, as 

associated in a past event, may play a role in future decision making by the aviation 

consumer. Congruently past decisions that resulted in a positive result generated a 

positive effect; this positive outcome provided feedback, feedback that was reflected 

upon when making future decisions influenced by technology and safety. 

Participants were presented with a scenario in which a technology had the potential 

to improve a system, perhaps making that system safer. Happiness appears to be the 

motivator in that decision-making process. Therefore, our findings indicate 
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happiness mediates the decision between conditions of AugCog and willingness to 

fly. 

Recommendations for Future Research 

 The results of this research shed light on consumers’ willingness to fly in 

aircraft equipped with new technology. While the research exposed consumers’ 

willingness to fly in aircraft equipped with AugCog there is still much to be 

examined in this area of research. A noted area for expanded research is decreasing a 

traditional flight crew size from two operators to one. The intent of AugCog is to 

increase operator efficiency. As the technology accelerates manufacturers may wish 

to understand how consumers would accept a single pilot aircraft that was 

traditionally operated by a flight crew of two, but now operated by a single pilot 

aided by an AugCog flight management systems.  

 In this study the conditions of AugCog were limited to either fully equipped 

with AugCog, or traditional non-AugCog FMS. Future research may benefit from 

changing the conditions of AugCog, to fully equipped, partially equipped, and 

traditionally non-equipped. Along with varying the levels of condition, task shedding 

has been noted as a possible use of AugCog. Shedding the current state of the 

interface output to a lesser more manageable state based on an operators cognitive 

state, or an emergent event may be an area of interest for future related studies. 

Possible future research may study AugCog interfaces that have built in task 

shedding logic, and consumer willingness to fly. 
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Limitations and Delimitations 

 This research was not impermeable to limitations. The limitations of this 

research have multiple sources; while these sources cannot be eliminated, they must 

be accounted for. The matter of generalizability was a factor in this study. The 

design of this research employed Amazon’s®, Mechanical Turk®. This tool was used 

to take a convenience sample from Americans and Indians. As such the results of this 

study can only be generalized to individuals from these two countries, of who were 

online during the time the surveys were active. The use of Amazon’s® Mechanical 

Turk® excluded individuals who do not have Internet access. The sampling strategy 

employed in this study will limit the generalizability to any larger population. 

 The primary limitation of this study was the assumption violations of the 

three-way ANOVA. A Levine’s Test for Equality of Error Variance was conducted 

to detect if our data violated the assumption of homogeneity of variance. Levene’s 

indicated the data violated the assumption of homogeneity of variance (p < .05). As 

previously described the three-way ANOVA is robust to violations of homogeneity 

of variance (Kenny & Judd, 1986; Norman, 2010; Schmider, Matthias, Danay, 

Beyer, & Buhner, 2010). The assumption of normality was also violated; however, 

ANOVA is robust to violations of normality, especially in large sample size studies 

such as this one. Additionally, a limitation exists in the level to which the survey 

participants understand commercial aviation. There is a possibility that some of the 

survey participants are not familiar with, nor participate in commercial aviation. In 
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the event that this was the case the participants would be basing the decision on 

theory; they would not have practical experience of commercial aviation. The 

research was conducted using surveys that were written in English. Non-native 

speakers of English may have difficulty understanding the scenarios presented in the 

online survey.  

Delimitations are choices made by the researchers that may impact the results 

of the study. Actions and or decisions taken by the researchers that are within the 

researcher’s control must be identified and discussed. A delimitation in this study 

was the choice of the study itself; our choice to study AugCog is a delimitation. 

AugCog was chosen due to the limited research that exists on the subject, and 

Consumers’ willingness to fly in aircraft equipped with AugCog.  

 Another delimitation of this research is the sample. The sample only included 

participants from America and India. These two countries were identified for their 

cultural differences that being India as a collectivist society, and America as an 

individualistic society. These differences in societal traits may provide a deeper 

insight into willingness to fly. Another possible delimitation for this study is the 

instruments used. The scenarios created for the study may be confusing, it may have 

introduced some unintended bias. The willingness to fly scale, while valid may 

contain flaws that could be misinterpreted or cause confusion for the participants. 

The last delimitation was the choice to use the six universal facial expressions. 

Ekman and Friesen’s (1971) research has faced opposing views into whether the six 

facial expressions are truly universal. Based on the available research it is in the 
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opinion of the researchers that Ekman and Friesen’s (1971) research into universal 

facial expressions captures a phenomenon that is adequately comprehensive.   

Summary 

 The purpose of chapter five was to discuss the findings of this research, as 

well as to discuss supporting research that was relevant to our findings. In conclusion 

consumers willingness to fly in aircraft equipped with augmented cognition was 

influenced by the presence of AugCog. Our results indicate consumers are more 

willing to fly in aircraft with AugCog than without. Secondly, our research found 

that happiness was the mediating emotion present across all participants, coupled 

with fear acting as a mediator for American males. These findings may be used to 

market AugCog Flight Management Systems to the aviation consumer, as well as the 

commercial airline manufacturer. Our results may also provide insight for AugCog 

designers and engineers by providing a basic understanding of how this new 

technology is accepted. 
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Appendix A: Willingness to Fly Scale 

Based on the scenario above, how strongly do you disagree or agree with the 

following statements? 

 

1. I would be willing to fly in this situation. 

Strongly Disagree Disagree Neutral Agree       Strongly Agree 

 

2. I would be comfortable flying in this situation. 

Strongly Disagree Disagree Neutral Agree       Strongly Agree 

  

3. I would have no problem flying in this situation. 

Strongly Disagree Disagree Neutral Agree       Strongly Agree 

 

4. I would be happy to fly in this situation. 

Strongly Disagree Disagree Neutral Agree       Strongly Agree 

 

5. I would feel safe flying in this situation. 

Strongly Disagree Disagree Neutral Agree       Strongly Agree 

 

6. I have no fear of flying in this situation. 

Strongly Disagree Disagree Neutral Agree       Strongly Agree 

 

7. I feel confident flying in this situation. 

Strongly Disagree Disagree Neutral Agree       Strongly Agree  
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Appendix B: Ekman and Friesen’s Universal Facile 

Expressions  

 

 
 

 

Appendix C: Participant Survey  
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