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Abstract 

The limited field of view of static egocentric visual display systems employed in 

unmanned aircraft control systems introduces the soda straw effect on operators, which 

significantly affects the ability to capture and maintain situational awareness by not 

depicting peripheral visual data.  The problem with static egocentric visual display 

systems is that insufficient operator situational awareness increases the potential for error 

and oversight during operation of unmanned aircraft, leading to accidents and mishaps 

that have cost U.S. taxpayers between $4 million to $54 million per year.  The purpose of 

this quantitative completely randomized design study is to examine the effects of 

introducing dynamic visual eyepoint control into an egocentric visual display and 

determining if use increases SA compared to a static eyepoint.  The research design of the 

study is the true experimental research model, which serves as an effective method for 

determining relationships of significance.  The theoretical framework for the study 

establishes the premise that the amount of available visual information affects the 

situational awareness of an operator.  The proposition of the theory is that increasing 

visual information through dynamic eyepoint manipulation may result in higher 

situational awareness in comparison to static interaction.  The focus of the research shall 

be the examination of using five visual interaction methods, static, an analog joystick, a 

head tracker, an uninterrupted hat/point of view switch, and an incremental hat/point over 

view switch.  The five methods shall undergo experimental testing, using test 

participants, to determine which, if any, exhibit the highest level of situational awareness.  

The test participants shall consist of 150 students and engineering professionals from 

local populations, selected using a set of testing qualifiers and random assignment.  



 

viii 

Simple one way analysis of variance shall determine if a statistical significance exists 

between the situational awareness values for each method.  The results of the 

experimental testing and statistical analysis may identify factors that affect the capture 

and maintenance of situational awareness within an egocentric visual environment. 
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Chapter 1: Introduction 

Unmanned aircraft accidents have been occurring at an increasing rate from 1994 

to 2009 because of operator errors and lack of situational awareness (SA), costing 

taxpayers $79 to $240 million (Lindlaw, 2008; Pockock, 2007; Tvaryanas, 2006; 

Tvaryanas, Thompson, & Constable, 2005; Zuchinno, 2010).  Human error has been 

identified as a significant causal factor in at least 60.2% of 221 Unmanned Aerial Vehicle 

(UAV) mishaps from 1994 to 2003 (Tvaryanas et al., 2005), a domestic Predator crash in 

2006 (Lindlaw, 2008), and 79 Predator accidents since 2007 (Zuchinno, 2010).  Prior 

research has examined unmanned aircraft control systems to identify, isolate, and 

mitigate the occurrence of human error (Bulthoff, 2010; Calhoun, 2008; de Vries, 2001; 

Giordano, Deush, Lachale, & Williams, 2010).  The United States Air Force (USAF) has 

received a recommendation to evaluate and optimize the human system interface of 

unmanned aircraft Ground Control Stations (GCS; Tvaryanas et al., 2005) and a defense 

contractor has invested in the development of a new control system to reduce human 

error (Pocock, 2007; Wardell, 2008).   

One of the identified human factors issues associated with remotely operating, or 

teleoperating, an unmanned vehicle is the human integration and interaction with the 

“arcane and exhausting pilot-machine interface” (Mola, 2008, p. 2).  The use of poorly 

designed interfaces can limit an operator’s ability to receive, understand, or use critical 

information (Cummings, Myers, & Scott, 2006).  The resulting misperception or 

incomplete understanding can lead to confusion, errors, loss of equipment, or loss of 

human life (Cummings et al., 2006).   



2 

 

 

Inadequate SA in the operation of an unmanned aircraft represents a system safety 

issue (English, Shampine, Adams, Muniak, & Kratovil, 2008).  Unmanned aircraft 

accidents can occur when the lack of operator SA is coupled with task prioritization, 

inadequate system knowledge, checklist error, workload inconsistency, fatigue, 

insufficient training, crew coordination issues, and poor ergonomics (Leduc, Rash, & 

Manning, 2005).  According to Cooke (2008), SA for unmanned vehicle operators is 

crucial because the operators are not present in the same environment as the remote 

vehicle. 

Background 

The occurrence of unmanned aircraft mishaps and accidents has been costly to 

organizations that operate the systems (Lindlaw, 2008; Zuchinno, 2010).  For example, 

each Predator unmanned aircraft accident costs $1 million and each total loss of aircraft is 

$4 million (Lindlaw, 2008).  Historically, there have been four to six accidents per year 

with the number of occurrences continuing to grow based on an increase in deployment 

(Lindlaw, 2008; Zuchinno, 2010).  There have been at least 47 documented crashes and 

79 total accidents of Predator and Reaper unmanned aircraft (Zuchinno, 2010).   

A common understanding among researchers is that unmanned aircraft operating 

environments are sensory deprived (Tvaryanas et al., 2005).  The operator lacks sensory 

input such as peripheral vision, auditory cues, and motion cues, which would be 

experienced in the operation of a manned vehicle (Tvaryanas et al., 2005).  An adverse 

effect from the lack of sensory perception and SA is observable when an operator suffers 

spatial disorientation (SD) and flies an aircraft into terrain (Mola, 2008).   
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Multiple human factors are associated with the operation of unmanned aircraft 

systems (UAS): (a) the loss of SA, (b) occurrence of operational fatigue, (c) poor 

teamwork, (d) inefficiency of command and control (C2), (e) poor feedback with remote 

operation, and (f) lack of proficiency and currency of operators (Cooke, 2008).  In 

egocentric interaction with unmanned visual systems an operator must contend with a 

narrow field of view (FOV), which does not contain peripheral visual data (Lewis, Wang, 

Velagapudi, Scerri, & Sycara, 2009).  The use of a narrow FOV has been shown to result 

in the occurrence of the soda straw effect, a deterioration of perception that can lead to 

disorientation, loss of SA, reduced hazard recognition, missing of operational 

information, and human error (Lewis et al., 2009).   

Unmanned aircraft operators, previously trained to operate manned aircraft, have 

identified obsolete technology and poor design in equipment as factors that create 

limitations for flight and combat operations (Jean, 2008).  The U.S. Government 

Accountability Office (U.S. GAO; 2008), as well as researchers and operators agree that 

existing control systems require change to incorporate controls and conditions of manned 

aircraft (Jean, 2008; Tvaryanas et al., 2005; U.S. GAO, 2008).  Variation between 

existing GCSs also represents a human factors concern requiring examination to generate 

regulation for domestic operations (U.S. GAO, 2008).   

Problem Statement 

The problem to be addressed in this study is that contemporary unmanned aircraft 

egocentric visual interfaces with a limited FOV cause SD and promote the occurrence of 

the soda straw effect in operators (Cooke, 2008; Kadavasal & Oliver, 2007; Lewis et al., 

2009).  Researchers have identified correlations between the occurrence of the soda straw 
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effect, the reduction or loss of SA, the onset of SD, and occurrence of human error during 

operation (Lewis et al., 2009).  Inadequate SA or resulting human error in operation is a 

system safety issue, which has led collaborative research groups to identify, in peer 

reviewed conference papers, human interaction and SA issues associated with unmanned 

aircraft operation (English et al., 2008; Nullmeyer et al., 2007). 

Current operators of unmanned aircraft, such as the U.S. military, have begun to 

identify the need to address causal factors in unmanned aircraft accidents and mishaps 

(Nullmeyer et al., 2007).  The established effect of reduced SA in the operation of an 

unmanned vehicle (Cooke, 2008), the safety concern of incorrect SA (English et al., 

2008), and the continuing occurrence of accidents and mishaps relating to human error 

(Nullmeyer et al., 2007) indicate a need to identify additional methods to restore or 

increase operator SA.  Additional accidents, mishaps, loss of equipment, or loss of life 

may continue without such research (English et al., 2008; Lewis et al., 2009; Nullmeyer 

et al., 2007). 

Purpose 

The purpose of this quantitative completely randomized design (CRD) study shall 

be to examine methods to increase the SA of an operator, potentially decreasing the 

occurrence of SD and the soda straw effect in contemporary unmanned aircraft egocentric 

visual interfaces with a limited FOV.  In this study, the research shall examine the effect 

that the economical enhancement of a single aspect of unmanned aircraft control, visual 

interaction, has on human SA in a setting that generically simulates egocentric viewpoint 

operation.  The implementation of low cost SA multipliers (i.e., treatment methods) may: 

(a) increase the SA of operators, (b) diminish the potential for SD and human error, and 
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(c) reduce the occurrence of unmanned aircraft accidents and mishaps.  The examination 

of this thesis shall use simulation, current interaction technology, an experimental test, 

and the quantitative CRD method.  Through experimentation, it may be possible to 

observe the interplay between an independent variable (i.e., visual interaction methods) 

and the dependent variable (i.e., SA of the participant) to determine if a relationship does 

exist.   

Cost effective, or economical, visual interaction SA multipliers, such as the 

introduction of an analog joystick, head tracker, or hat/point of view (POV) switch 

requires minimal investment or modification to existing C2 frameworks.  This is an 

alternative to the use of multiple displays and wide FOV cameras, which require 

additional power loading, space, and operator cognitive processing.  Unmanned aircraft 

operators have indicated that current controls, such as singular static visual systems, limit 

their ability to perform their duties (Jean, 2008; Lewis et al., 2009).  Researchers have 

identified that existing controls create a situation not conducive to obtaining and 

maintaining the highest level of SA (Drury & Scott, 2009).  Human factors analysis of 

unmanned aircraft controls have also identified: (a) flaws with control mapping 

inconsistencies (Williams, 2006), (b) the perception that the control interfaces differ from 

manned aircraft (Jean, 2008).  There is a need to understand awareness (Drury & Scott, 

2009) the human element, and the unmanned component early in the design of an 

unmanned system (English et al., 2008). 

De Vries (2001) performed a similar research study, a direct comparison of 

interface methods through the experimental contrast of a head tracked helmet mounted 

display (HMD) and a joystick for the control of an unmanned aircraft camera to discern 
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which increases the SA of the operator.  De Vries could not establish conclusively if head 

tracker control improved the SA of a user and attributed the experimental results to the 

low quality of the equipment.  In the research conclusions and recommendations, de 

Vries indicated that further research would be necessary to establish a decisive 

conclusion concerning head tracking versus joystick control of unmanned camera for the 

increase of SA (de Vries, 2001).  De Vries research is an example of historical foundation 

research that set a precedence for this type of research, but may no longer be accurate 

considering advances made toward new interface methods (Hall, 2008), MMI technology 

(Sterling & Perala, 2007), data capture methods (Xie et al., 2007), and analytical concepts 

(Riley, Kaber, & Draper, 2004; Carrigan et al., 2008).   

The intent of this proposed study is not to reflect the accurate reproduction of 

attention loading to which an operator may be subject, but instead, to depict the initial 

affect on basic human capability relating to SA using low cost interaction technology.  In 

this study, at least 30 participants shall be required for each experimental treatment used 

to perform an effective determination (Black, 1999).  With five types of treatments, a 

minimum of 150 study participants shall be required within geographic proximity to the 

author, in Orlando, Florida.  The results of this study may serve as a principle 

examination and evaluation of economical interaction methods to mitigate mounting 

costs associated with diminished SA induced unmanned aircraft mishaps and losses. 

Theoretical Framework 

The theoretical framework for the study establishes the premise that the amount of 

available visual information affects the SA of an operator (Kadavasal & Oliver, 2007; 

Lewis et al., 2009).  The proposition of the theory is that increasing visual information 
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through dynamic eyepoint manipulation may result in higher SA in comparison to static 

interaction.  The proposed examination shall occur by measuring the ability of test 

participants to perceive, comprehend, and project a view of the environment despite 

constraints of the interface.  The investigation of organizational behavior for the proposed 

research shall be the examination of individual behavior occurring within an organized 

setting to obtain a more in depth comprehension of the influential factors on the dynamics 

of the setting (Organizational Behavior, 2010).  A major goal of organizational behavior 

research is to increase the efficiency and effectives of individuals and groups within the 

subject organization (Organizational Behavior, 2010), which is observable through the 

intent to determine which interaction method is the most efficient means of increasing 

SA.  The analysis of the proposed research findings shall focus on individuals (i.e., test 

participants) by examining perception, comprehension, projection, and their resulting 

cognition of the simulated environment (Endsley, 1988; Organizational Behavior, 2010).   

The assertions and research of key theorists from the areas of unmanned aircraft 

research, SA, and human factors influenced the conception and design of this proposed 

research.  Williams (2006) identifies that flight control of unmanned aircraft must 

contend with multiple problems and require work to improve existing user interfaces and 

develop new display technology, concepts for control interfaces, and automation systems.  

This assertion directly corresponds with Tvaryanas’s (2006) view that there is a need to 

reduce the constraints of human operators and the contemporary technology used in the 

system.  Unmanned aircraft mishaps have occurred because of decreased SA, 

necessitating the focus of future research to improve the pool of knowledge concerning 

unmanned aircraft human factors (Tvaryanas, 2006).  The end goal of the proposed 
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research is to: (a) identify methods to enhance SA, (b) increase the body of knowledge 

associated with visual interactions of operators, and (c) reduce the potential for accidents 

and mishaps. 

Nullmeyer, Herz, Montijo, and Leonik (2007) identified a major cause of 

unmanned aircraft mishaps as human errors associated with insufficient skill or 

knowledge necessary to contend with operation.  Unmanned aircraft mishaps attributable 

to human factors issues are manageable through training that focuses on human 

performance errors (Nullmeyer et al., 2007).  This view directly conflicts with the 

recommendations of Cooke (2008), who asserts that insufficient standards exist for the 

qualification of pilots and the necessary knowledge/skills set for operation is not clear.  

Cooke’s (2008) work does agree with Williams’s (2006) assertion that there are human 

factor concerns associated with unmanned aircraft: (a) the loss of SA, (b) occurrence of 

operational fatigue, (c) poor teamwork, (d) inefficiency of C2, (e) poor feedback with 

remote operation, and (f) lack of proficiency/currency of operators.  The successful 

operation of an unmanned aircraft is dependent on an effectively designed interface that 

takes awareness into consideration (Drury & Scott, 2008).  This concept of awareness 

being critical for successful operation is an area of focus of the proposed research, which 

shall be examined through the determination of test participant SA levels. 

The awareness of an operator, described by Endsley (1988) as SA, is composed of 

three components (levels), which include: (a) perception, (b) comprehension, and (c) 

projection.  These components are measurable using the SA global assessment technique 

(SAGAT) framework, developed by Endsley (1988).  The SAGAT framework has the 

following attributes: (a) depicts a current picture of subject SA, (b) is global/direct 
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measurement of SA, (c) facilitates objective collection, and (d) has direct validity 

(Endsley, 1988).  According to Endsley and Connors (2008), SA is a critical component 

in the effective decision making process.  The proposed research design shall focus on 

the use of the SAGAT framework to examine the three measures of SA, perception, 

comprehension, and projection as identified by Endsley (1988).   

Human integration into the unmanned system places cognitive demands on the 

human, because they must use cognitive ability, which includes SA (Adams, 2007).  In 

current unmanned controls, the human component contends with a limited understanding 

of: (a) the vehicle, (b) environment, and (c) the vehicle’s interaction with the 

environment (Adams, 2007).  This reduction in understanding occurs because of 

limitations of or inaccurate readings from the unmanned sensors, which are not in an 

easily comprehended format (Adams, 2007).  Humans possess the ability to use mental 

models, schemas, attentional direction, automatic response, processing methods, and 

commonsense reasoning (Freedman & Adams, 2009).  Commonsense defaults allow a 

human to understand their environment and actions within this environment when they 

have been provided limited information (Freedman & Adams, 2009).  The proposed 

experimental testing shall use a test depicting a limited FOV visual simulation to examine 

and capture the SA of participants. 

Giordano, Deush, Lachale, and Bulthoff (2010) assert that improved SA is a 

critical component for successful operation of an unmanned aircraft by reducing the 

potential for human error.  The SA of an operator is subject to degradation from the 

quality and quantity of information presented using the control interface (Giordano et al., 

2010).  If a human machine interface (HMI) presents too much information to process 
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fatigue or distraction can occur (Giordano et al., 2010).  The occurrence of fatigue or 

distraction can lead to incorrect courses of action and possibly loss of the vehicle 

(Giordano et al., 2010).  The results of the proposed experimentation may identify if a 

difference exists between the five visual interaction methods, which may identify a 

potential solution to visual information overload, fatigue, or distraction within existing 

control systems. 

Research Question 

The identification and integration of visual control and interaction concepts, 

techniques, and components into a simulated unmanned aircraft egocentric viewpoint 

environment may identify useful experiential or experimental data.  Such experiential or 

experimental data may be useful in the performing of future unmanned vehicle research, 

the development of future control interfaces, and the development of design principles.  

The intent of the following research question is to represent a guide for the proposed 

quantitative methods research into the examination of visual control and interaction 

concepts, techniques, and components to increase the SA of unmanned aircraft operators. 

Q1.  To what extent, if any, does the use of a standard visual interaction method 

(static eyepoint) differ from a dynamic visual interaction method (analog joystick, head 

tracker, uninterrupted hat/POV switch, and incremental hat/POV switch) in affecting 

operator SA in an egocentric visual environment? 

Hypotheses  

In this proposed research study, conducting a comparison of experimental visual 

interface methods with the control treatment may yield data for use in the analysis and 

eventual development of recommendations regarding how to increase the SA of 
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unmanned aircraft operators.  To test the hypotheses, the effect the levels of the 

independent variable have on the dependent variables may be determined through 

experimental testing.  The results of this testing may produce the SA for each treatment 

type, usable for testing the following hypotheses.   

To answer the research question a pair of null and alternative hypotheses was 

designed.  These constructs establish a framework for testing that may identify if the use 

of the dynamic visual interaction methods or static visual interaction method affect 

(alternative hypothesis) or do not affect (null hypothesis) the SA of an operator in an 

egocentric visual environment. 

H10.  There is no difference on operator SA between the dynamic visual 

interaction methods (analog joystick, head tracker, uninterrupted hat/POV switch, and 

incremental hat/POV switch) and the static visual interaction method (static eyepoint) in 

an egocentric visual environment. 

H1a.  There is a difference on operator SA between the dynamic visual interaction 

methods (analog joystick, head tracker, uninterrupted hat/POV switch, and incremental 

hat/POV switch) and the static visual interaction method (static eyepoint) in an egocentric 

visual environment. 

Nature of the Study 

The proposed goal of this study is to determine if the SA associated with a static 

eyepoint differs from alternatives that implement low cost dynamic eyepoint control 

through a direct comparison in simulated egocentric visual environment.  The study shall 

focus on improving the perception, comprehension, and projection of an operator by 

using dynamic interaction in an egocentric display to increase SA.  The CRD 
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experimental design with a simple one way analysis of variance (ANOVA) is proposed to 

determine if a statistical significance exists between the means associated with the use of 

the treatments (Black, 1999), composed of four enhancement treatments (analog joystick, 

head tracker, incremental hat/POV switch, and uninterrupted hat/POV switch) and a fifth 

control treatment (static eyepoint).  The test participants shall be subject to random 

selection and assignment to treatments (single independent variable).  The effect that 

each treatment has on the dependent variable shall require observation and recording.  At 

the conclusion of experimental testing, the results shall undergo examination and analysis 

using the ANOVA method.  If the results of the ANOVA analysis indicate that at least 

one treatment is significantly different from the other means then a multiple comparison 

procedure, such as the Scheffe test, shall be used to investigate the matter further (Black, 

1999).   

The results of the statistical testing may be the determination of statistical 

significance between the sample means of each of the treatments performance values.  

The result of performing experimental research is the possibility of creating an analysis 

of causality (Black, 1999).  The resulting findings may identify sufficient material to 

make specific recommendations regarding further research or possible interface changes. 

Significance of the Study 

This study proposes to focus on three components of SA: (a) Level 1 SA 

(perception), (b) Level 2 SA (comprehension), and (c) Level 3 (projection).  The 

proposed study shall use simplified tasking, dynamic interaction methods (analog 

joystick, head tracker, uninterrupted hat/POV switch, and incremental hat/POV switch), 

and a standard interaction method (static eyepoint).  The proposed study differs 
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significantly from past studies based on the proposed goal of discerning if the SA values 

associated with static eyepoint differ from those that use dynamic eyepoint control in an 

egocentric visual environment.  The resulting information determined from this research 

is expected to add to the growing body of knowledge associated with SA modifiers for 

reducing the occurrence of costly unmanned aircraft accidents and mishaps. 

Definitions 

This section presents the critical and unique terms associated with the proposed 

topic and research and respective definitions supported by citations and references.    

Analog joystick visual interaction method.  Analog joystick visual interaction 

method is a term developed by the author to describe the use of an analog joystick, a 

lever connected to a pair of potentiometers to measure user input (Cypress, 1997), to 

affect eyepoint movement in coordination with the analog X and Y axes movement.  This 

method uses the analog X and Y axes of a joystick to capture desired user input and a PC 

and custom developed software to interpret and translate the joystick movement into 

equivalent simulated eyepoint movement.  This method is a technique employed in an 

unmanned aircraft visual control interface (Wise, 2009) and has been used by researchers 

to examine or improve SA (de Vries, 2001; Ogren & Svenmarck, 2007; Quigley, 

Goodrich, Griffiths, Eldredge, & Beard, 2005).  The description presented of this term is 

of the author’s own creation, but is essential to the outcome of the proposed study.    

Attention allocation.  Attention allocation is the amount of attention a specific 

process receives while an individual is performing multiple tasks (Crandall & Cummings, 

2007).  Focused attention allocation increases the retention of operator SA (Crandall & 

Cummings, 2007). 
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Channelized attention.  Channelized attention is the focusing of attention on 

specific cues of a subject environment or task, while excluding others that may be 

considered equal to or of greater urgency, resulting in a situation that may be hazardous 

or unstable (Harden, Montijo, Nullmeyer, & Stella, 2005).   

Command and control.  English et al. (2008) defined C2 as the command 

functionality and control functionality of an unmanned system performed by a human 

operator in a remote location using a dedicated control system or autonomously through 

preprogrammed parameters loaded into the flight vehicle. 

Commercially off the shelf components.  Commercially off the shelf 

components represent products and subsystems traditionally available from vendor stock, 

which have been designed and manufactured to meet accepted commercial standards and 

practices and subsequently can later be modified or customized for a specific use 

(McHale, 2008).   

Dynamic eyepoint.  Dynamic eyepoint represents a camera or simulated eyepoint 

moveable within a simulation of the environment or a real world scenario (Kaiser, 1995).  

For the proposed research, there exist four visual interface interaction methods to 

facilitate control of the dynamic eyepoint: (a) the analog joystick, (b) the head tracker, (c) 

the incremental hat/POV switch, and (d) the uninterrupted hat/POV switch.      

Dynamic visual interaction capability.  Dynamic visual interaction capability is 

a term developed by the author to describe the use of visual interaction controls to affect 

dynamic movement of the eyepoint within an egocentric visual environment.  The 

description presented of this term is of the author’s own creation, but is essential to the 

outcome of the proposed study.    
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Egocentric viewpoint.  Egocentric viewpoint is an out the window (OTW) 

viewpoint found in manually controlled unmanned aircraft depicting a view from inside 

the aircraft looking outwards in a manner similarly experienced in manned aircraft 

(Williams, 2007a). 

Fatigue.  Fatigue is a problematic result associated with overwork such as 

reduction in reactions, information processing, memory, awareness, attention, risk 

estimation, and coordination which may lead to accidents, errors, personal harm, and 

diminished productivity (HSE, 2010).   

Field of view.  An FOV is the angle associated with the aperture or opening of a 

camera lens (Euromap, 2007).  For the experimental testing, the FOV shall equal 45 

degrees for the vertical and horizontal planes. 

Ground control station.  A GCS is a human interface to unmanned aircraft for 

operator control of the aircraft and easy access to data collected by the aircraft (Lewis & 

McBride, 2005). 

Group mindset.  Group mindset refers to the observable effect that occurs when 

an individual’s tendency to agree with a group increases as the size of the group increases 

(Shimanski, 2008).   

Head tracker visual interaction method.  Head tracker visual interaction 

method is a term developed by the author to describe the use of a head tracker, a device 

for capturing head motion and orientation (NaturalPoint, 2010; Robinson, 2008), to affect 

eyepoint orientation in coordination with the user’s head.  This method uses a Light 

Emitting Diode (LED) and IR camera assembly to capture user head orientation and a PC 

and custom developed software to interpret and translate the head movement into 
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equivalent simulated eyepoint movement.  The description presented of this term is of the 

author’s own creation, but is essential to the outcome of the proposed study.     

Human error.  Human error is an error or problem associated with the 

involvement of humans in the design, manufacture, training, maintenance or operation of 

unmanned vehicles (Leduc et al., 2005). 

Human factors.  Human factors, also referred to as ergonomics, represents the 

study and examination of the interplay between humans and the remaining elements in a 

system to enhance protection and system efficiency (HFES, 2010). 

Incremental hat/point of view switch visual interaction method.  Incremental 

hat/POV switch visual interaction method is a term developed by the author to describe 

the use of a hat or POV switch (on top of joystick), to affect incremental movement of the 

eyepoint in coordination with the activation of switch and previous eyepoint position.  

This method moves the simulated eyepoint in incremental motion from the previous 

eyepoint position to the user desired position using the current state of the hat/POV 

switch, the previous eyepoint position value, and an increment value.  The description 

presented of this term is of the author’s own creation, but is essential to the outcome of 

the proposed study.    

Man machine interface.  Man machine interface (MMI), also referred to as a 

human machine interface (HMI), user interface, or operator interface, is defined as the 

means of interaction between a human and a system for control and assessing the state of 

the system (United States Computer Emergency Readiness Team, 2010).   
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Man in the loop.  Man in the loop refers to retaining a human in the decision 

making process, such as a human operator making the decision for an unmanned vehicle 

to engage a target (Sofge, 2008).   

Press on regardless philosophy.  The press on regardless philosophy is defined 

as the inability of participants to adequately reevaluate, alter, or abandon a plan once 

established or initiated (Shimanski, 2005).   

Simulation.  Simulation is an emulation of the functionality of a system or a 

series of actions that provides the mimicry of processing to another (Simulation, 2010).   

Simulated operator station.  Simulated operator station is a term developed by 

the author to describe the custom developed system used to perform the experimental 

testing to capture the SA of each participant.  The appearance and function of this system 

approximates the look, feel, and interaction of a generic GCS.  The description presented 

of this term is of the author’s own creation, but is essential to the outcome of the 

proposed study.   

Situational awareness.  The National Aviation School Command (2010) defined 

SA as the level of precision associated with the perception of an environment compared 

to reality (Naval Aviation School Command, 2010).   

Soda straw effect.  The soda straw effect refers to the similarity between looking 

through a single unmanned vehicle camera and looking down the barrel of a soda straw, 

depicting a visual scene with a limited FOV because of  the blocked out peripheral area 

(Osborn, 2009).   

Social threats to internal validity.  The concept of social threats to internal 

validity describes a situation in which research results can be subject to influence by 
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participant imitation, compensatory rivalry, resentful demoralization, or compensatory 

equalization of treatment (NC State University, 2010).    

Spatial disorientation.  As defined by Taylor, Brown, and Dickson (2003), SD is 

a mistaken sensitivity regarding reference of location, orientation, or movement that can 

be experienced by an operator in control of an aircraft (Taylor, Brown, & Dickson, 2003).   

Static eyepoint visual interaction method.  Static eyepoint visual interaction 

method is a term developed by the author to describe the visual interaction associated 

with the use of a static eyepoint, a fixed, immovable camera assembly, also known as a 

body-fixed camera (Southwest Research Institute, 2010).  This visual interaction method 

is employed in the majority of unmanned aircraft visual designs (Jackson, Tisdale, 

Kamgarpour, Basso, & Hedrick, 2008).  The description presented of this term is of the 

author’s own creation, but is essential to the outcome of the proposed study.   

Task overload.  Task overload refers to the probability of human error increasing 

with the length and complexity of performed tasks (Shimanski, 2005).   

Task underload.  Task underload refers to the aspect of operation that contribute 

to boredom, those without tasks or low tasking tend to pay less attention to respective 

tasks (Shimanski, 2005).   

Teleoperation.  Teleoperation is the remote control of a robotic device by a 

human operator that allows a system to retain human interpretation, situational analysis, 

reaction, and adaptation to unforeseen environmental changes (Smith, 2009).   

Telepresence.  Telepresence is a concept that uses HMI and sensory simulation to 

replicate interaction with a remote environment to make an operator feel physically 

present in the remote environment (MITRE, 2009).    
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Uninterrupted hat/point of view switch visual interaction method.  

Uninterrupted hat/POV switch visual interaction method is a term developed by the 

author to describe the use of a hat or POV switch (on top of joystick), to affect 

uninterrupted movement of the eyepoint in coordination with the activation of switch.  

This method moves the simulated eyepoint in a full sweeping motion from the center of 

the visible environment area to the maximum positions (left, right, up, down) using the 

current state of the hat/POV switch.  The description presented of this term is of the 

author’s own creation, but is essential to the outcome of the proposed study.     

Unmanned aircraft system.  The term UAS refers to the complete complex 

unmanned system composed of a control element, a data and voice communication 

element, and an air vehicle element required for mission operation (U.S. GAO, 2008).   

Unmanned aerial vehicle.  An UAV is an aircraft that does not contain a pilot 

onboard and is either remotely operated from a GCS or operates autonomously, 

differentiated from a cruise missile on the basis that the vehicle itself is not the deployed 

weapon (The UAV, 2010).   

Visual depiction.  Visual data is a term developed by the author to describe the 

imagery or visual data depicted on the simulated operator station monitor.  The 

description presented of this term is of the author’s own creation, but is essential to the 

outcome of the proposed study.   

Visual interface interaction method.  Visual interface interaction method is a 

generic term developed by the author to describe the treatments used for interplay with 

the visual environment area in the experimental testing procedures.  Five types of visual 

interface interaction methods exist: (a) analog joystick, (b) head tracker, (c) incremental 
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hat/POV switch, (d) uninterrupted hat/POV switch, and (e) static eyepoint.  The 

description presented of this term is of the author’s own creation, but is essential to the 

outcome of the proposed study.  

Visible environment area.  Visible environment area is a term developed by the 

author to describe the simulated egocentric viewpoint environment, an area three times (x 

3) the size of the visible screen area, in which the visual data (i.e., geometric elements) 

are depicted, that simulates the total moveable FOV of a camera on a UAS system.  The 

description presented of this term is of the author’s own creation, but is essential to the 

outcome of the proposed study.    

Visible screen area.  Visible screen area is a term developed by the author to 

describe the area depicted on the simulated operator station monitor at any given 

moment, moveable throughout the entire visible environment area by pan or tilt 

commands from one of the experimental visual interface treatments.   The description 

presented of this term is of the author’s own creation, but is essential to the outcome of 

the proposed study.   

Summary 

This section contained a discussion regarding increasing occurrences of 

unmanned accidents caused by operator error and insufficient SA (Lindlaw, 2008; 

Tvaryanas, 2006; Tvaryanas et al., 2005) or stemming from human error or factors issues 

(Carrigan et al., 2008; Leduc et al., 2005; Lindlaw, 2008; Nas, 2008; Nullmeyer et al., 

2007; Tvaryanas et al., 2005; Wardell, 2008; Zuchinno, 2010).  Sufficient SA is critical 

in both the decision making process of the operator (Endsley & Connors, 2008) and their 

ability to discern the state of the vehicle (Cooke, 2008).  The design of single camera 
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unmanned aircraft visual systems result in a limited FOV and the occurrence of the soda 

straw effect, which leads to disorientation, loss of SA, reduced hazard recognition, and 

the missing of operational information (Lewis et al., 2009).  These factors contribute to 

the occurrence of human error during operation (Lewis et al., 2009).   

This research study proposes examining several interaction treatments to 

determine if any increase the SA of the operator by increasing their ability to interact 

with the egocentric visual display.  The proposed quantitative CRD study shall focus on 

the examination of the affect that enhancing a single aspect of unmanned aircraft control, 

visual interaction, has on human SA in a setting that generically simulates egocentric 

viewpoint operation.  Economical SA multipliers may increase the SA of operators, 

diminish the potential for human error, and reduce the occurrence of unmanned aircraft 

accidents, without significant modification to existing GCSs.  The examination of this 

thesis shall use simulation, current interaction technology, an experimental test, and the 

quantitative CRD method.  Through experimentation, it may be possible to observe the 

interplay between an independent variable (i.e., visual interaction methods) and the 

dependent variable (i.e., SA of the participant) to determine if a relationship does exist. 

This section contained a discussion regarding the research question to guide the 

quantitative methods research design in the investigation of methods, concepts, and 

technology to increase the SA of unmanned aircraft operators.  The focus of the question 

is on the determination of is the use of a standard or a dynamic visual interaction method 

results in differing operator SA.  The question directly relates to a set of hypotheses 

composed of a null and alternative hypothesis that shall require testing using the SA 

performance value for each visual interaction method.  Finally, the section contained a 
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definition of critical and unique terms associated with the proposed topic and research 

used supporting citations and references.  These terms shall appear throughout the 

literature review, description of design, the future description of observations, and in the 

future conclusion to describe the observations and recommendations.  
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Chapter 2: Literature Review 

The use of unmanned aircraft has changed numerous times since their initial 

introduction as unpiloted ballistic kites by the Chinese (Goulter, 2009).  Such uses have 

included a test platform, a controllable dynamic target drone, intelligence and data 

gathering device, and an armed combatant for warfare (Cooke, 2007).  Each unmanned 

aircraft has had its own unique requirements that have driven the development of 

individual designs and interfaces (U.S. GAO, 2008).  Current unmanned aircraft control 

interfaces, or MMIs, have included hand held radio control (RC) transmitter (U.S. GAO, 

2008), head tracking devices (Robinson, 2008), gamepads (Procerus Technologies, 

2010), hands on stick and throttle (HOTAS) joysticks, and multiple wide screen displays 

(Pocock, 2007; Wardell, 2008).  According to the U.S. Department of Defense (DOD, 

2007), the levels of operator SA have had a significant influence on the C2 of unmanned 

systems.  Prior research that focused on the effect of visual control interfaces on the 

performance of an operator (de Vries, 2001) are no longer accurate when recent visual 

interaction (Hall, 2008), MMI technology (Sterling & Perala, 2007), data capture 

methods (Xie et al., 2007), and analytical concepts (Carrigan et al., 2008; Riley et al., 

2004) advancements are considered.   

The purpose of this section is to present information related to the background of 

unmanned aircraft, issues associated with their operation, the relevancy of SA, prior 

research performed in support of unmanned aircraft interaction, the discussion of current 

interaction limitations, and the identification of potential methods or technology that 

supports visual interaction experimentation.  The literature review research consisted of a 

search of online and physical data repositories for reports, articles, presentations, program 
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descriptions, conference proceedings, and books related to the themes and sub topical 

breakdown of the proposed research topic.  A matrix containing all of the literature 

material was categorized according to topical stratification and used to determine 

literature review subsections.  The individual category components underwent an initial 

review and analysis to determine their applicability to the topic.  Those materials 

determined applicable to the topic or sub topical stratifications underwent final review 

and analysis.  The following subsections represent the final themes of the literature 

review; overview of unmanned aircraft, unmanned aircraft issues, SA, visual interaction 

and SA, experimental visual interaction methods, and summary. 

Overview of Unmanned Aircraft 

Unmanned aircraft have the ability to perform operations without risking loss of 

life of the human operators (English et al., 2008).  These operations include remote 

surveillance, reconnaissance, weapons delivery, search and rescue (SAR), and supply 

delivery missions (English et al., 2008; U.S. GAO, 2008).  Unmanned aircraft are used 

for military and civilian operations that might otherwise subject a human to dangerous 

environments (U.S. GAO, 2008).  The technology behind the development of unmanned 

aircraft is transformational and strives to make manned aircraft technologically obsolete 

(Ehrhard, 2010; English et al., 2008).  The following subsections present a discussion 

regarding the history, operation, and control of unmanned aircraft. 

Unmanned aircraft history.  Researchers with policy and development 

experience provide insight into the history of unmanned aircraft development and use.  

Such researchers are able to identify factors not visible to the general public that have 

spurred the development of associated technology (Ehrhard, 2007) and been the catalyst 
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for use (Cook, 2007).  Observers of unmanned vehicle development outside the 

development process also play an important role by identifying additional factors that 

have influenced the design and implementation of unmanned aircraft (Chuter, 2010; Jiang 

& Kamel, 2007).  These observations come from interviews with operators, review of 

previous research, or development of their own research (Chuter, 2010; Jiang & Kamel, 

2007).  Such factors have contributed to the evolution of unmanned aircraft from their 

historical roles to their current roles in the modern world (Chuter, 2010; Cook, 2007; 

Ehrhard, 2007; Goulter, 2009; Jiang & Kamel, 2007). 

Goulter (2009) an author of military history, wrote an essay analyzing the early 

years of UAV and unmanned air combat vehicle (UCAV) development, which was 

included in Air Power: UAVs: The Wider Context (Barnes (Ed.), 2009), an edited 

anthology of essays regarding unmanned aircraft.  A component of military history has 

been the tendency to place man made mechanisms into danger over humans (Goulter, 

2009).  War has represented the stimulus for unmanned research, starting with the 

Chinese concept of using explosive bearing kites in warfare (Goulter, 2009).   

Conventional unmanned aircraft of today can trace their development back to the 

historical development of guided bombs, balloons, kites, missiles, target drones, and 

reconnaissance gathering devices (Goulter, 2009).  Examples of such devices include: (a) 

unmanned explosive balloons from the 1849 Italian Wars of Unification and American 

Civil War, (b) aerial reconnaissance kites in the 1880s, (c) World War (WW) I glide 

bombs and aerial torpedoes, (d) target drones in the 1930s, (e) WW II unmanned 

bombers, cruise missiles, and rockets, and (f) reconnaissance platforms starting in the 

1950s (Goulter, 2009).  Unmanned development has not been a linear continuous effort, 
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instead occurring during a perceived need (Goutler, 2009).  Despite this inconsistent 

development, unmanned aircraft have played a critical role in a number of world conflicts 

(Goutler, 2009).  The primary role of unmanned aircraft removing humans from 

dangerous situations has been the primary rationale for the evolution of designs (Goulter, 

2009). 

Kendra Cook (2007), USAF Lieutenant and researcher with experience inside the 

organization of unmanned technology users, created a historical overview of unmanned 

aircraft in warfare that contained a discussion regarding early concepts, use, capabilities, 

and tasking.  Cook presented a discussion of early unmanned aircraft development.  The 

motivation for the start of modern unmanned aircraft design was the pursuit of military 

flying bombs for WW I, progression of unmanned aircraft evolution through WW II, and 

the loss of Gary Francis Power’s U2 spy plane over Russian in 1959 (Cook, 2007).  The 

loss of the U2 identified the need for pilotless aircraft to reduce the risk of pilot, crew, 

and airframe loss in unfriendly environments (Cook, 2007).   

The catalyst for major unmanned aircraft buildup by the U.S. Government was the 

Cuban Missile Crisis of 1962 because there were insufficient platforms available for use 

during this period (Cook, 2007).  The subsequent buildup and development led to the 

proliferation of unmanned aircraft use in surveillance for the Vietnam Conflict from 1964 

to 1972, the Israel/Lebanon Conflict in 1982, Operation Desert Storm/Operation Desert 

Shield from 1990 to 1991, Operation Enduring Freedom/Operation Iraqi Freedom from 

2001 to 2006, and the Israel/Lebanon Conflict in 2006 (Cook, 2007).   

Dr. Thomas P. Ehrhard, the Special Assistant to the Chief of Staff of the USAF, is 

a researcher with policy experience who developed a study in 2010 containing a 
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discussion regarding the development and use of unmanned aircraft from before 1903 to 

2000.  Ehrhard’s (2010) study presented the role of the USAF in the secretive 

development of technology and platforms for unmanned operation.  Ehrhard used 

declassified documents as a source of material for the report, which contained details of 

development efforts and use of unmanned systems by the U.S. intelligence community.  

The U.S. intelligence community has been the major contributor toward unmanned 

development from 1960 to 2000; representing more than 40% of the total U.S. unmanned 

funding (Ehrhard, 2010).  The innovation associated with the development of unmanned 

weapon systems requires support from the service using the design, contrast between 

other available systems, and an understanding that unmanned development requires 

extensive investment in terms of capital and labor (Ehrhard, 2010). 

Andrew Chuter (2010), a journalist with DefenseNews, researched the history of 

unmanned development in an article that explored the background of early unmanned 

aircraft from WWI.  Chuter’s research uncovered the early work of a British inventor, 

Archibald Low, who worked on the development of a radio controlled (RC) aerial 

torpedo to fend of German aerial attacks in 1915.  Low’s work never led to a full 

production vehicle, but did exhibit the possibility of remote operation of an unmanned 

aircraft using radio technology (Chuter, 2010).  The experience and knowledge from 

Low’s experiments led to the eventual production of the De Havilland DH82B Queen 

Bee aerial target vehicle, the believed originator of the term drone (Chuter, 2010). 

Unmanned aircraft operation.  This section contains a background overview of 

the UAS, types of unmanned aircraft, types of GCS, and an overview of operational 
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requirements.  The following is a description of investigator contributions toward this 

topical discussion point. 

 To address growing interest in domestic operation of unmanned aircraft the U.S. 

GAO performed a study titled Unmanned aircraft systems: Federal actions needed to 

ensure safety and expand their potential uses within the national airspace system (U.S. 

GAO, 2008).  The purpose of this report was to examine present and probable future 

roles of unmanned aircraft, determine operational benefits, identify national airspace 

operation issues, and determine what role the U.S. government should take in operations 

(U.S. GAO, 2008).  To obtain their results, the U.S. GAO (2008) researchers: (a) 

examined available documentation, (b) consulted with agency officials, stakeholders in 

the aviation community, and (c) obtained survey results from 23 unmanned aircraft 

experts.   

The findings of the U.S. GAO researchers led to a series of recommendations to 

facilitate unmanned aircraft development efforts and realize potential benefits as soon as 

possible (U.S. GAO, 2008).  The recommendations of the U.S. GAO researchers 

included: (a) the creation of a developmental and integration coordination group within 

the Federal Aviation Administration (FAA), (b) development of a FAA program plan, (c) 

performance of an analysis using available data, and (d) the request for an assessment 

from the Department of Homeland Security (DHS) concerning the security ramifications 

of unmanned aircraft operation in the national airspace system (U.S. GAO, 2008).   

 The U.S. GAO report contained an overview of the operation architecture of a 

typical UAS, which included the identification of three main components: (a) the control 

element, (b) the data and voice communication element, and (c) the air vehicle element 
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(U.S. GAO, 2008).  These three components are the primary differentiation between 

unmanned aircraft and manned aircraft (U.S. GAO, 2008).  Each of these elements is 

visible in Figure 1. 

 

Figure 1. Conceptual overview of UAS, showing system components. Reprinted from 

Unmanned aircraft systems: Federal actions needed to ensure safety and expand their 

potential uses within the national airspace system (p. 7), by U.S. GAO, 2008.  Reprinted 

with permission.  

Unmanned aircraft are able to operationally perform in manners that exceed the 

capability of safe manned flight (U.S. GAO, 2008).  Such operational performance 

differences include the ability to operate at slower speeds and fly at high and low altitude 

extremes (U.S. GAO, 2008).  Unmanned aircraft are available in smaller sizing because 

the lack of a human or associated human support equipment in the design (U.S. GAO, 

2008).  Although historic military needs have heavily influence unmanned development, 

there are new commercial or civilian applications for the technology (U.S. GAO, 2008).   
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One such role identified by the U.S. GAO researchers, is the use of multiple 

unmanned aircraft as a communications relay for line of sight (LOS) communication 

links (U.S. GAO, 2008).  In this scenario, a terrain feature (i.e., mountain) prevents the 

receipt and transmission of radio communication data between two separate ground 

control elements (U.S. GAO, 2008).  Using two air vehicle elements as a communication 

bridge makes possible the safe and secure transmission of data between two ground 

elements (U.S. GAO, 2008).  A visual depiction of two ground control (Ground station 1 

and Ground station 2) elements using two unmanned air vehicle elements (UAS 1 and 

UAS 2) is visible in Figure 2. 

 

Figure 2. UAS communications bridge overview, showing components. Reprinted from 

Unmanned aircraft systems: Federal actions needed to ensure safety and expand their 

potential uses within the national airspace system (p. 12), by U.S. GAO, 2008. Reprinted 

with permission. 

There are multiple non military users of unmanned aircraft, which include: (a) 

Customs and Border Protection (CBP), (b) National Aeronautics and Space 
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Administration (NASA), (c) U.S. Geological Survey, (d) U.S. Forest Service, (e) 

National Oceanographic and Atmospheric Administration (NOAA), and (f) the DHS 

(U.S. GAO, 2008).  There are also potential future uses of unmanned aircraft for 

emergency rapid response, crime scene assistance, fire scene assistance, real estate 

photography, and as airborne surveying instruments (U.S. GAO, 2008).  This potential 

increase in use requires methods to handle the increased airborne traffic management and 

monitoring, airspace and airport capacity impact, and increased air traffic controller 

workload (U.S. GAO, 2008).  To meet such challenges the GAO researchers 

recommended the preparation of the national airspace system for their eventual operation, 

performing strategic planning, establishing an unmanned aircraft test center, and applying 

pressure on FAA personnel to develop and implement a program plan that identifies the 

necessary approach for unmanned aircraft operations using specific resources and experts 

(U.S. GAO, 2008). 

Unmanned aircraft controls.  There are multiple elements necessary for the 

operation of unmanned aircraft: (a) air vehicle, (b) control, (d) data, and (e) 

communication (U.S. GAO, 2008). These elements vary in size, shape, and capability 

(U.S. GAO, 2008).  The variation in aircraft and their individual missions or roles 

determine the design and requirements of the elements (U.S. GAO, 2008).  The following 

discussion contains specific examples, capabilities, and missions of unmanned aircraft, 

control systems, data, and communication elements. 

Examples of unmanned system elements.  Net Resources International (NRI, 

2010) is a collection of websites that contain detailed information regarding historical, 

current, and future industry projects.  The NRI hosts articles, white papers, contacts, 
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system fact sheets, and industry contacts through defense industry websites such airforce-

technology.com, army-technology.com, and naval-technology.com (NRI, 2010).  These 

websites contain descriptions of specific examples of four major types of unmanned 

aircraft subject to manual operator control: (a) micro UAVs (MUAV), (b) small UAVs 

(SUAVs), (c) UAVs, and (d) unmanned combat air vehicle (UCAV; NRI, 2010). 

The NRI airforce-technology.com website contained a fact sheet description of 

the Desert Hawk, an example of a MUAV.  The control of the Desert Hawk occurs 

through two GCS configurations (“Desert Hawk unmanned aerial vehicle,” 2010).  The 

first GCS configuration uses a larger independent communications system and multiple 

antennas to create and maintain a control and data link to the vehicle (“Desert Hawk 

unmanned aerial vehicle,” 2010).  The second GCS configuration design, a smaller 

portable system, reduces the setup and configuration time by using integrated systems 

(“Desert Hawk unmanned aerial vehicle,” 2010).  This aircraft is capable of autonomous 

operation, receiving its command inputs from an operator specified route (“Desert Hawk 

unmanned aerial vehicle,” 2010). 

The Shadow 200 RQ-7, described on the NRI army-technology.com website, is an 

example of a SUAV platform.  The Shadow is capable of carrying a payload of up to 27 

kilograms (kg) for durations up to 7 hours using an electric motor (Shadow 200 RQ-7 – 

Tactical Unmanned Aircraft System, 2010).  This aircraft is a modern reconnaissance 

gathering unmanned aircraft used by the U.S. Army and Marines to spot, confirm, and 

establish targets (Shadow 200 RQ-7 – Tactical Unmanned Aircraft System, 2010).  The 

autonomous or manual flight control of the Shadow occurs through a portable and 
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sheltered GCS that can be setup, configured, and operated directly in the field of 

operations (Shadow 200 RQ-7 – Tactical Unmanned Aircraft System, 2010).   

The Predator RQ-1/MQ-1 is an example of a conventional UAV platform 

designed for reconnaissance that also has an armed variant, the MQ-9 Reaper (“Predator 

RQ-1 / MQ-1 / MQ-9 Reaper - unmanned aerial vehicle (UAV),” 2010).  The NRI 

airforce-technology.com website contained a fact sheet description of both variants, 

which are long endurance platforms capable of operations up to 40 hours in duration 

(“Predator RQ-1 / MQ-1 / MQ-9 Reaper - unmanned aerial vehicle (UAV),” 2010).  The 

control of the platform occurs through a 30 foot trailer based GCS that contains a pilot 

operator console, a payload operator console, three data exploitation and planning 

consoles, and two synthetic aperture radar  workstations  (“Predator RQ-1 / MQ-1 / MQ-

9 Reaper - unmanned aerial vehicle (UAV),” 2010).  The GCS uses UHF/VHF radio 

relays, a C band line of sight data link, and UHF/Ku band satellite data links to 

communicate with the platform (“Predator RQ-1 / MQ-1 / MQ-9 Reaper - unmanned 

aerial vehicle (UAV),” 2010).   

An article in the Defense Industry Daily, a news organization that reports on 

military purchasing for defense contractors and procurement managers, contained the 

identification of the Reaper as a hunter killer and the first operationally active UCAV 

platform (MQ-9 Reaper: The First Operational UCAV?, 2010).  The defining difference 

between a UAV and a UCAV is the capability of the air vehicle element to carry and 

release munitions (MQ-9 Reaper: The First Operational UCAV?, 2010).  The Reaper is a 

variant of the Predator modified for the delivery of multiple forms of ordnance and 

munitions (MQ-9 Reaper: The First Operational UCAV?, 2010; “Predator RQ-1 / MQ-1 / 
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MQ-9 Reaper - unmanned aerial vehicle (UAV),” 2010).  The NRI airforce-

technology.com website contains a description of the Reaper capabilities that identified 

the capability to carry armaments that include: (a) Hellfire II missiles, (b) GBU-

12/EGBU-12 laser guided bombs, (c) GBU-38 joint direct attack munitions (JDAM), and 

(d) GBU-49 Enhanced Paveway II bomb (“Predator RQ-1 / MQ-1 / MQ-9 Reaper - 

unmanned aerial vehicle (UAV),” 2010).  This system uses the same GCS system as its 

predecessor, the Predator (“Predator RQ-1 / MQ-1 / MQ-9 Reaper - unmanned aerial 

vehicle (UAV),” 2010). 

General Atomics (2010) personnel produced a product description brochure that 

contains depictions of several forms of GCS products for control of several types of 

unmanned aircraft (i.e., MUAV, SUAV, and UAV; General Atomics, Ground Control 

Stations, 2010).  The General Atomics control element associated with the operation of 

MUAVs is the portable GCS (PGCS), a man portable system weighing less than 100 

pounds (General Atomics, Ground Control Stations, 2010).  Using a PGCS, a single 

operator has complete vehicle and sensor control through the launch/takeoff, flight, and 

landing phases of operation, while retaining interoperability with other equipment 

(General Atomics, Ground Control Stations, 2010).  This control element contains: (a) 

dual monitors, (b) keyboard interface, (c) a single joystick, and (d) a throttle control for 

the control and monitoring of the air vehicle element during operation.  The PGCS is 

visible in Figure 3. 
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Figure 3. General Atomics PGCS. Adapted from Ground control stations (p.2), by 

General Atomics, 2010.  Copyright 2010 by General Atomics. Reprinted with 

permission. 

The General Atomics control element for the control of SUAV and UAV type of 

air vehicle elements is the high mobility GCS (HMGCS), which consists of two PGCSs 

integrated into a high mobility multipurpose wheeled vehicle (HMMWV) mounted 

shelter (General Atomics, Ground Control Stations, 2010).  The HMGCS is less mobile 

than a single PGCS, but more than standard or fixed GCSs (General Atomics, Ground 

Control Stations, 2010).  The system is designed for rapid deployment into an operational 

environment for C2 of unmanned assets in the environment, while still being 

transportable in a C-130 aircraft (General Atomics, Ground Control Stations, 2010).  The 

HMGCS is visible in Figure 4. 
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Figure 4. General Atomics HMGCS. Adapted from Ground control stations (p.2), by 

General Atomics, 2010.  Copyright 2010 by General Atomics. Reprinted with 

permission. 

The standard GCS is a control element design for use with conventional UAV 

types of air vehicle elements.  This design is less mobile than either the PGCS or the 

HMGCS, but contains dedicated stations for the pilot and the payload operator, a military 

standard (Mil-STD) heads up display (HUD), multifunction workstations (MFW)s, and is 

transportable by a C-130 aircraft (General Atomics, Ground Control Stations, 2010).  The 

standard GCS is visible in Figure 5. 
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Figure 5. General Atomics standard GCS. Adapted from Ground control stations (p.2), 

by General Atomics, 2010. Copyright 2010 by General Atomics. Reprinted with 

permission. 
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Unmanned aircraft operational and developmental requirements.  The 

requirements associated with the development and operation of unmanned aircraft along 

with their roles and use (U.S. DOD, 2007; English et al., 2008).  End users, unmanned 

system experts, and regulatory agencies drive these requirements (U.S. DOD, 2007).  The 

use of such requirements increases the potential for the development and operation of 

safe, effective, and efficient designs (Ahlers, 2010; English et al., 2008; Johnson, 2010; 

U.S. DOD, 2007).  The following paragraphs present a discussion regarding the 

operational and developmental requirements of unmanned aircraft. 

 Personnel with the U.S. DOD (2007) developed a guide titled Unmanned systems 

safety guide for DOD acquisitions, to instruct program managers (PMs) on how to 

prevent or manage environment, safety, and occupational health (ESOH) hazards in the 

acquisition of unmanned aircraft.  The DOD personnel relied upon input from experts in 

government, industry, and academia to identify precision safety design tenets to prevent 

or mitigate possible mishaps or risks (U.S. DOD, 2007).  The DOD (2007) personnel 

expected the design of the guide to be applicable for DOD acquisitions and to the 

multiple levels of the system design including hardware, software, and system 

subsystems throughout the entire lifecycle of the system.   

 The DOD (2007) guide contained an overview of unmanned systems, a 

description of safety system, characteristics of successful safety systems, an identification 

of the unique characteristics of military unmanned systems, safety precepts, facets of 

unmanned operations, and features of unmanned system design.  There are three 

characteristics of a successful system safety program: (a) participation in safety at an 

early phase and maintained throughout the life of the program, (b) use of safety expertise, 
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and (c) fostering of a positive safety culture (U.S. DOD, 2007).  These characteristics are 

used by PMs and designers to prevent or mitigate risks that may result in the occurrence 

of top level mishaps (TLMs; U.S. DOD, 2007). The use of safety precepts and 

requirements supports lessons learned from manned systems to protect the public, the 

warfighter, assets, and the operational environment (U.S. DOD, 2007).  The DOD (2007) 

safety precepts can be used to address four operational functions, or modes, of unmanned 

systems: (a) recovery and decontamination of the asset, (b) C2 of the system, (c) 

weaponization of the system, and (d) SA associated with the system.   

English et al. (2008), a group of unmanned system experts, developed a report 

titled The safety of unmanned systems: The development of safety precepts for unmanned 

systems that contained a discussion regarding unmanned systems safety.  The discussion 

identified the processes associated with the development of DOD safety precepts and 

guidelines, operational environment of unmanned systems, safety concerns of operation, 

and an example C2/SA percept (English et al., 2008).  This report was developed in 

response to a U.S. Defense Safety Oversight Council Acquisition and Technology 

Programs Task Force initiative concerning the safety of expanding unmanned system 

operations (English et al., 2008).   

There are multiple unique safety concerns regarding the operation of unmanned 

systems, which include: (a) loss of control, (b) loss of communication, (c) loss of vehicle 

(out of range or enemy capture), (d) loss of weapons, (e) unsafe return to base, (f) system 

operating in a unknown state, (g) identification of system operating in an unsafe state, (h) 

unforeseen human interaction, (i) unintentional weapon release/firing, (j) incorrect 

weapon release/firing, (k) incorrect target identification, (l) injury to friendly personnel, 
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(m) jamming by enemy, (n) loss of control to enemy, (o) loss of SA, (p) inadequate SA, 

(q) arrangement for emergency operator stoppage, (r) battle damage, and (s) exposure to 

radiation or other contaminant (English et al., 2008).  In addition to unique safety 

concerns, unmanned systems have the need to interface and coordinate with equipment 

and assets of other organizations (English et al., 2008).  These assets and equipment 

affect operation, control of the system, communication, navigation, security, and 

identification or verification of targets (English et al., 2008).   

To ensure the effective and safe operation of an unmanned system, operators must 

maintain positive C2 of a system using SA (English et al., 2008).  In this context, SA 

refers to perception, comprehension, and projection of operation information by the 

operator necessary to complete the associated mission goals and objectives (English et 

al., 2008).  Perception occurs based on the ability of a user to perceive the operational 

environment related to the mission (English et al., 2008).  The perception includes status, 

attributes, and dynamics of the environment (English et al., 2008).  Comprehension of the 

environment requires the integration and prioritization of perception percepts to depict 

the significance and definition as related to mission goals (English et al., 2008).  

Projection, requires the prediction of what will occur, using perception and 

comprehension as they relate to the existing mission scenario (English et al., 2008).  The 

use of safety percepts in the designing, building, and operation of unmanned systems 

represent a foundation to facilitate safe and effective operation (English et al., 2008).  As 

the systems change, the proposed safety percepts will need to evolve to continue 

maintenance of safety and positive C2 (English et al., 2008).   
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Personnel with the Yuma Test Center (2008), a U.S. military test center, 

developed a test operations procedure to identify general considerations, processes, and 

procedures associated with: (a) the testing of unmanned aircraft C2, (b) weapon/sensor 

integration, and (c) target/navigation operations.  The procedure included a description of 

safety, risk management, frequency documentation, security, environmental 

documentation, and test plan considerations necessary for test activities (Yuma Test 

Center, 2008).  The Yuma Test Center (2008) report contained the identification that 

testing of various unmanned aircraft requires an assortment of facilities for support, 

which include targets, weapons, and GCSs.  The report identified the potential need to 

replicate the aircraft operational environment (e.g., cold weather arctic, humid tropical 

and dry desert) and specific environmental considerations (e.g., wind speed/direction, 

temperature, humidity, and ambient light levels; Yuma Test Center, 2008).  These 

procedures contain insightful information necessary in the establishment of an objective 

testing environment for unmanned aircraft technology, such as the research proposed in 

this study. 

Journalist Mike M. Ahlers (2010), of the Cable News Network, reported on the 

FAA’s recommendation for caution in the expansion of unmanned aircraft use in U.S. 

airspace.  Ahlers (2010) presented an overview of FAA personnel concerns for the 

increasing use of unmanned aircraft in domestic airspace.  This view was identified in the 

testimony of FAA official, Nancy Kalinowski, before a House Homeland Security 

subcommittee in 2010 (Ahlers, 2010).  Kalinowski identified that unmanned aircraft used 

by the CBP have an accident rate seven times that of general aviation (GA) and hundreds 

times more than that of commercial aircraft (Ahlers, 2010).   
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Officials at the FAA asserted that unmanned aircraft have been difficult to 

integrate into domestic airspace because of the complexity of the national airspace system 

(Ahlers, 2010).  The FAA claims responsibility for the safe operation of aircraft in the 

national airspace system (Ahlers, 2010).  Agency personnel want to ensure the safety of 

other aircraft and people on the ground from aircraft statistically shown to have higher 

accident rates (Ahlers, 2010).   

Only public operators (i.e., government and university operators) are allowed to 

domestically operate unmanned aircraft (Ahlers, 2010).  Such specialized operators 

require FAA certificates of waiver or authorization for research and development, 

demonstrations, and crew training (Ahlers, 2010).  Future unmanned aircraft control 

system designers need to address the concerns of the FAA to gain operational acceptance 

and approval within the U.S. national airspace system.  New research, such as this 

proposed study, may result in an increase to the safety of unmanned aircraft operation 

and identify valuable knowledge for future designers attempting domestic operation. 

Unmanned Aircraft Issues 

An increase in unmanned aircraft accident coverage and examination has 

accompanied their increasing use (Carrigan et al., 2008; Levin, 2007; Lindlaw, 2008; 

Pocock, 2007; Wardell, 2008; Zuchinno, 2010).  Journalist and researchers have begun to 

examine and analyze government reports and statistics, finding a significant number of 

unmanned aircraft accidents have been attributed to human error or systematic failure in 

design (Carrigan et al., 2008; Levin, 2007; Lindlaw, 2008; Pocock, 2007; Wardell, 2008; 

Zuchinno, 2010).  The following subsections present a discussion of unmanned aircraft 
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issues such as the occurrence of accidents and known problems associated with aircraft 

controls. 

Unmanned aircraft accidents and costs.  A significant number of unmanned 

aircraft accidents have occurred since 1995, which have prompted coverage and analysis 

by journalist, researchers, and government agencies to determine common causes 

(Carrigan, Long, Cummings, & Duffner, 2008; Levin, 2007; Lindlaw, 2008; Pocock, 

2007; Wardell, 2008; Zuchinno, 2010).  The following is a description of investigator 

contributions toward this topical discussion point. 

Alan Levin (2007), a journalist with USA Today, covered the story of National 

Transportation Safety Board (NTSB) investigator findings from a Predator B unmanned 

aircraft crash in Arizona on April 25, 2006.  This NTSB investigation was the first for a 

domestic unmanned aircraft crash (Levin, 2007).  The NTSB investigators determined 

there were multiple issues with the operation of the system that led to the crash, but the 

primary cause of the crash was the accidental shutdown of the propulsion system and the 

locking up of the control console in the GCS (Levin, 2007).  The NTSB investigators 

found several other operational issues that impede safe operation of the system by CBP 

and the manufacturer, General Atomics Aeronautical Systems (Levin, 2007).  These 

issues included repeated locking of the control console over a four month period before 

the crash, lack of failure documentation, lack of failure investigation, lack of flight 

instructor oversight, transponder and other critical systems power tied to propulsion 

system, inability to restart engine without direct radio link, and operator mentality (Levin, 

2007).   
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Chris Pocock (2007), a journalist with AINonline, wrote an article containing a 

discussion of the loss rate of Predator unmanned aircraft systems and the measures 

undertaken to reduce future occurrences.  The majority of the 56 Predator unmanned 

aircraft destroyed since 2007 have been because of accidents, costing taxpayers $240 

million dollars (Pocock, 2007).  The employees of Raytheon’s Intelligence and 

Information Systems (IIS) business unit examined this situation and reviewed existing 

research identifying human factors issues as causal factors in unmanned aircraft crashes 

and accidents (Pocock, 2007).  In response, Raytheon IIS personnel developed the 

universal control system (UCS), a cockpit design that focuses the efficiency and 

awareness of an operator (Pocock, 2007).  The design of the UCS: (a) increases the FOV 

of the operator to 270 degrees using a synthetic environment, (b) incorporates technology 

from gaming, and (c) improves upon the vehicle status displays (Pocock, 2007).  The 

development of this system is an example of a defense contractor investing their own 

resources to identify a solution for known issues and identifies the need to further 

understand the relationship that exists between operator and the visual operating 

environment. 

 Scott Lindlaw (2008), a journalist with the Associated Press (AP), examined 

USAF research focusing on human error as the causal factor of unmanned aircraft 

accidents and mishaps.  Lindlaw’s (2008) article identified research by Northcentral 

University (NCU) PhD, USAF Lieutenant Colonel Robert P. Herz, as a source of for the 

identification of operator error and inexperience as a causal factor for the increasing 

number of Predator unmanned aircraft platform crashes.  Herz’s study (as cited Lindlaw, 

2008) identified that 71% of the Predator mishaps occurring from 2003 to 2006 were 
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associated with human error.  Herz (as cited Lindlaw, 2008) further identified the human 

factors issues as: (a) insufficient operator skills, (b) insufficient operator knowledge, (c) 

inadequate teamwork, and (d) deficient SA.   

Five further Predator mishaps occurred in the 2007 fiscal year, when use 

increased from 58,000 hours to 79,000 hours (Lindlaw, 2008).  In 2008, the destruction 

of seven Predator unmanned aircraft in combat zones cost a total of $28 million dollars 

(i.e. $4 million per aircraft; Lindlaw, 2008).  Between four and six Class A mishaps occur 

on average per year, which cost $1 million dollars or more per accident (Linlaw, 2008).  

This article identifies the need to mitigate the occurrence of human factors issues in 

unmanned aircraft operation to reduce the financial costs of unmanned aircraft mishaps 

and losses (Lindlaw, 2008).   

 Wardell (2008) a journalist with MSNBC, discussed how Raytheon is using 

current video gaming technology in the development of their UCS to improve unmanned 

vehicle controls in an article titled “Game consoles used to control drone fighters system 

provides a more interactive experience for pilot operating aircraft.”  The implementation 

of hardware leveraged from video gaming platforms should reduce the training period of 

operators and assist in the prevention of aircraft accidents by increasing the interaction 

for the operator (Wardell, 2008).  The system design expects to mitigate the effect of 

reduced peripheral vision (i.e., soda straw effect) experienced by current operators by 

increasing FOV using augmented digital images (Wardell, 2008).  Raytheon personnel 

anticipate such a system would reduce the occurrence of human error accidents, saving an 

estimated $500 million dollars (Wardell, 2008). 
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Carrigan et al. (2008), a group of researchers from the Massachusetts Institute of 

Technology (MIT) Humans and Automation Lab, developed a paper for the 2008 

Association for Unmanned Vehicle Systems International (AUVSI) conference that 

focused on performing a human factors evaluation of the Nogales Predator B crash.  The 

researchers used the Human Factors Analysis and Classification System (HFACS) to 

determine that the crash occurred because of unexposed errors not identified by the 

NTSB accident report (Carrigan et al., 2008).  There are three general areas of issue 

applicable to unmanned aircraft: (a) the necessity of human factors considerations system 

design, (b) cautious and legitimate system reliability examinations, and (c) oversight 

from the operating organization (Carrigan et al., 2008).  The HFACS analysis indicated 

that the human errors the NTSB determined caused the crash were a consequence of 

inadequate design and incorrect management of operation (Carrigan et al., 2008).   

Future unmanned aircraft accidents may be preventable by improving the NTSB 

investigation methods with HFACS to concentrate on potential causal factors within the 

system (Carrigan et al., 2008).  Focusing on the human factor issues using HFACS has 

the potential to prevent future accidents by ensuring the design of a system with sufficient 

resiliency to support use by operators, despite their skill level (Carrigan et al., 2008).  

Designers using the results of an HFACS in future accidents may implement system 

design changes and recommendations in the development of future systems to prevent the 

reoccurrence of such errors (Carrigan et al., 2008). 

David Zucchino (2010), a correspondent with the Los Angeles Times, wrote a 

story that contained a discussion of USAF failure to address unmanned aircraft system 

design errors before their deployment to Afghanistan.  Zuchinno (2010) examined the 
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findings of accident reports from the Pentagon that identified issues associated with 

unmanned aircraft operation.  These issues included continual system failures, 

computational system malfunctions, and human error (Zuchinno, 2010).  The USAF 

investigators cited such issues as: (a) operator mistakes, (b) coordination mistakes, (c) 

software malfunctions, (d) obsolete technology, and (e) insufficient flight manuals as the 

causal factors of accidents (Zuchinno, 2010).  The author cited a 2007 report by the 

USAF Research Laboratory that identified up to 80% of Predator crashes were associated 

with human error (Zuchinno, 2010).  Further studies have indicated a connection between 

the latest accidents and insufficient flight manuals, mistakes with crew coordination, and 

tasking crews outside their training (Zuchinno, 2010).  A factor cited as leading to a 

Predator crash during a landing in 2007 was insufficient visual cuing for operators, which 

led the operator to underestimate the altitude of the aircraft during operation (Zuchinno, 

2010).   

Forty seven Predator and Reaper unmanned aircraft have crashed during combat 

or training operations and 79 accidents involving unmanned aircraft have occurred 

(Zuchinno, 2010).  The crash of each aircraft has cost between $3.7 million and $5 

million and each accident at least $1 million dollars (Zuchinno, 2010).  Although rates of 

unmanned aircraft accidents have reduced, the actual number of accidents has increased 

because of an escalation of platform usage (Zuchinno, 2010).  For example, there have 

been at least 38 unmanned aircraft in constant operation over Iraq or Afghanistan 

(Zuchinno, 2010).  The loss of an aircraft impedes combat operation requirements until a 

replacement can be delivered (Zuchinno, 2010).  The delays associated with the delivery 

of a new aircraft increases the risks to soldiers on the ground, who rely on the intelligence 
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and air support from the aircraft (Zuchinno, 2010).  Despite the number of crashes, USAF 

personnel have asserted a commitment to resolving issues with operation by learning 

from mistakes from this generation of systems and planning for the next generation 

(Zuchinno, 2010).   

Issues with unmanned aircraft controls.  Recently researchers and journalists 

have begun to examine unmanned aircraft accidents from a human factors standpoint 

(Calhoun, 2008; Nullmeyer et al., 2007; Tvaryanas, 2006; Williams, 2006) or identify 

human factors concerns with the operation of unmanned aircraft (Jean, 2008; Williams, 

2007a).  The following is a description of investigator contributions toward this topical 

discussion point. 

USAF Major Anthony P. Tvaryanas (2006) developed a report containing the 

rationale for the migration of unmanned aircraft operators within a framework stratified 

by chronological, physical, and functional classifications.  One of the major challenges 

associated with the operation of an unmanned aircraft is the migration of control from 

one operator to another (i.e., crew changeover) that may occur with a GCS or between 

GCSs (Tvaryanas, 2006).  Tvaryanas identified the need for the research originated from 

a necessity to reduce constraints of human operators and the contemporary technology 

used in the system, a primary purpose of this proposed research study.   

In the research, the Tvaryanas (2006) focused on vigilance, fatigue, functional 

specialization, workload, multiple vehicle control, and payload control.  Mishaps have 

occurred because of decreased SA and the instability of communication between crews 

that were not co-located (Tvaryanas, 2006).  Tvaryanas recommended focusing future 

research on improving the pool of knowledge concerning unmanned aircraft human 
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factors to make recommendations based upon empirical evidence for unmanned aircraft 

design and operation.  The challenges and the necessity to perform the research identified 

by Tvaryanas directly tie into the proposed research to determine the result of dynamic 

visual interaction methods as compared to static interaction method in a visual egocentric 

viewpoint environment as the research is anticipated to identify and isolate human factors 

constrains associated with operating in a visual environment.  An anticipation of the 

research is that the findings may add to the growing pool of knowledge concerning 

unmanned aircraft human factors. 

Kevin W. Williams (2006), a researcher with the FAA, presented a human factors 

examination of unmanned aircraft accidents in a report titled Human factors implications 

of unmanned aircraft accidents: flight-control problems.  There are three types of flight 

control problems associated with unmanned aircraft systems: (a) external pilot difficulties 

that arise from inconsistent control mapping relating to aircraft movement, (b) transfer of 

control between locations during flight operations, and (c) automation of flight control 

(Williams, 2006).  There are also two specific methods for analyzing unmanned accident 

data: (a) focusing on a specific aircraft system, and (b) focusing on categories of mishaps 

as they occurred on various systems (Williams, 2006).  The first method requires a 

researcher to note the imperfections of an interface design that produced the accident and 

can result in recommendations for design change in the interface (Williams, 2006).  The 

second method requires a researcher to take a broader look at related accidents and results 

in the identification of human factors issues applicable across multiple platforms 

(Williams, 2006).   
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Williams (2006) examined three distinct categories of flight control: (a) external 

pilot control of the system, (b) transfer of control during flight, and (c) automation of 

flight control.  External pilot control problems arise from inconsistent mapping of 

controls, transfer of control suffers from the lack of system awareness by the receiving 

operator, and automation insufficiently contends with unpredicted situations that arise 

during operation (Williams, 2006).  The flight control of unmanned aircraft must contend 

with multiple problems and requires work to improve existing user interfaces and develop 

new: (a) display technology, (b) concepts for control interfaces, and (c) automation 

systems (Williams, 2006).  The recommendations made by Williams for improvements 

directly tie into the proposed research to determine if existing interaction technology 

increases SA in a visual egocentric viewpoint environment. 

 Researchers Nullmeyer et al. (2007) developed a research report titled Birds of 

prey: Training solutions to human factors issues for the 2007 Interservice/Industry 

Training, Simulation, and Education Conference (I/ITSEC).  Their report contained an 

examination of the falling rates of Predator mishaps and the increasing counts of mishaps 

that occurred from 1995 to 2006 from a human factors standpoint (Nullmeyer et al., 

2007).  Commonly cited causes of mishaps identify a need to reexamine individual and 

team training objectives for the Predator (Nullmeyer et al., 2007).  The subsequent 

reexamination determined the need for potential alternative training intervention 

activities that focus on routine application and improving operator skills within the 

analyzed areas (Nullmeyer et al., 2007).   

 Many UAS acquisitions do not occur in the same manner as other military 

systems (Nullmeyer et al., 2007).  These acquisitions do not undergo the same 
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development and fielding activities, which results in inconsistency and failure to identify 

design issues (Nullmeyer et al., 2007).  Although the mishaps rates of current Predator 

operations are high, they are consistent with the early operational accident rates of the F-

16 manned aircraft (Nullmeyer et al., 2007).  Mishap causes have begun transitioning 

from systematic failures or malfunctions to human errors associated with insufficient skill 

or knowledge (Nullmeyer et al., 2007).  Nullmeyer et al. (2007) suggest that the latest 

mishaps attributable to human factors issues are manageable through training that focuses 

on human performance errors. 

Williams (2007a) returned to the topic of unmanned aircraft in a report titled An 

assessment of pilot control interfaces for unmanned aircraft, which contained an 

examination and catalog of 15 unmanned aircraft control systems.  Williams (2007a) 

developed a unique categorization of control system architectures that stratified controls 

into: (a) horizontal aircraft control, (b) vertical aircraft control, (c) aircraft speed control, 

and (d) waypoint level control.  The lowest level of each stratified category is direct 

control of the category by a human operator through an interface device such as a 

joystick, while the highest represents automated control (Williams, 2007a).  The four 

dynamic visual interaction methods of this proposed study fall into the direct control 

category (Williams, 2007a).   

Williams (2007a) findings indicated that lower levels of control exhibit the least 

delay for control access and manipulation, but require an operator to achieve a specific 

goal (i.e., maintaining level flight).  The higher levels of control exhibit an increase in the 

delay for control access and manipulation, but do not require the same level of operator 

integration as lower levels (Williams, 2007a).  Higher levels of operation result in 
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simplified operation of the aircraft, but restrict the responsiveness of the system 

(Williams, 2007a).   

Williams (2007a) further identified the concept of operator viewpoint in the 

operation of an unmanned aircraft.  There are two types of operational viewpoints, 

egocentric and exocentric (Williams, 2007a).  In a system that uses an egocentric or 

OTW viewpoint, the operator observes a view from inside the aircraft looking outwards 

similar to the experience in a manned aircraft (Williams, 2007a).  A system that employs 

exocentric viewpoint depicts a view from outside the aircraft looking in, such as viewing 

camera footage of a subject aircraft followed by a chase plane (Williams, 2007a).  The 

Predator uses an egocentric viewpoint, while the Global Hawk uses an exocentric 

viewpoint (Williams, 2007a).  The proposed research entails the simulation of an 

egocentric viewpoint (i.e., remote operational environment). 

Grace V. Jean (2008), a journalist with National Defense, wrote an article 

discussing known issues and pilot complaints with GCS interfaces in an article titled 

“Fighting from afar: Predator ground stations need redesign, say pilots.” In the article, 

Jean (2008) examined pilot desire for improvements and aspects of control they 

perceived as missing from current control systems.  Pilots believe that control interfaces 

of unmanned aircraft are significantly different from manned aircraft, which many of the 

operators are already familiar with (Jean, 2008).   

Unmanned aircraft operators have identified obsolete technology and poor design 

in equipment as factors that prevent them from providing of optimal support (Jean, 2008).  

The operators, previously trained to operate manned aircraft, asserted that existing 

interfaces create limitations for flight and combat operations (Jean, 2008).  The controls 
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require a redesign to incorporate controls and conditions of manned aircraft (Jean, 2008).  

Pilots have voiced a preference for control systems that mirror an F-16 or F-15, which 

would allow the deployment of a weapon with a single switch as opposed to multiple 

mouse clicks associated with drop down menus (Jean, 2008).  This article contains an 

example of unmanned aircraft users identifying deficiencies in the control and 

experiential interface with the vehicle, which ties to the proposed research to determine 

methodologies that may closer recreate the interactions experienced in manned aircraft 

using a dynamic viewpoint. 

 Researcher Michael Nas (2008) developed a report titled The changing face of the 

interface: An overview of UAS control issues & controller certification, for the 

Unmanned Aircraft Technology Applications Research (UATAR) Working Group 27 

that contained an examination of the problems associated with unmanned aircraft control.  

Nas focused on how unmanned operation affected the control requirements of operators 

and presented the variation between conventional piloting operation and unmanned 

operation.  There are three distinct categories of unmanned aircraft control: (a) ground 

controlled, (b) semi autonomous, and (c) autonomous (Nas, 2008).  Modern unmanned 

aircraft have capabilities identifiable with three categories of control, which have a range 

of complete dependence on a human operator to full autonomy or independence (Nas, 

2008). 

 Human error has been attributed to 60.2% of U.S. military unmanned aircraft 

accidents (Nas, 2008).  There have been accident rate differences between branches of 

the U.S. military because of unique control systems used by each service (Nas, 2008).  

Unmanned operators suffer from sensory isolation that results in the loss of sensory cues 
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typically experienced in manned flight, these cues include: (a) ambient visual 

information, (b) physical sensation, and (c) auditory sensation (Nas, 2008).  The 

occurrence of sensory isolation results in a decrease to SA, which is a primary difference 

between the operation of unmanned and manned aircraft (Nas, 2008).  The identification 

of sensory isolation ties directly to the purpose of the proposed research, increasing the 

ambient visual information to an operator may result in a reduction in sensory isolation, 

thereby increasing the SA. 

Nancy J. Cooke (2008), a researcher with Arizona State University (ASU) and the 

Cognitive Engineering Research Institute (CERI), developed a presentation for the NTSB 

Forum on the Safety of Unmanned Aircraft Systems that contained a discussion regarding 

human factors issues associated with unmanned aircraft.  Cooke’s (2008) research for this 

presentation consisted of examinations of existing literature, prior research performed at 

ASU/CERI, and interactions with the other unmanned aircraft research organizations.  

Cooke provided a discussion regarding human factor implications, myths associated with 

unmanned aircraft, HMI, remote sensing and control, SD, fatigue, crew coordination, 

training, and conclusions. 

Multiple human factors are implicit with the operation of unmanned aircraft 

systems: (a) loss of SA, (b) occurrence of operational fatigue, (c) poor teamwork, (d) 

inefficiency of C2, (e) poor feedback with remote operation, and (f) lack of proficiency or 

currency of operators (Cooke, 2008).  Cooke (2008) also provided responses to several 

unmanned myths.  The first myth, or misperception, is that UAS are unmanned (Cooke, 

2008).  Although the flight vehicle element is unmanned, operators are remote, not absent 

from the system (Cooke, 2008).  The second myth is that UAS is a vehicle (Cooke, 
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2008).  In actuality, the term UAS refers to a total system, which includes a vehicle 

element (Cooke, 2008).  The final myth is that UAS operation is like manned flight 

(Cooke, 2008).  Despite similarities, such as human control of position and speed of 

flight vehicle, the sensing and control activities are remotely performed (Cooke, 2008). 

There is no standard HMI for the control and operation of unmanned aircraft 

(Cooke, 2008).  Excessive modes, poor configuration of displays, and incompatible 

mapping of control responses exist in contemporary HMIs (Cooke, 2008).  Remote 

sensing and control of the flight vehicle element is dependent on perception using sensor 

displays (Cooke, 2008).  Displays present the operator with the experience of looking at 

the world through a soda straw (i.e., soda straw effect; Cooke, 2008).  Without presence 

in the vehicle, there is no motion or tactile feedback and there can be considerable delays 

between the control and the response of the vehicle (Cooke, 2008).  These factors result 

in: (a) difficulty landing the flight vehicle, (b) limited weather perception, (c) difficulties 

associated with visual avoidance, (d) difficulty with performing impromptu flight 

operations, (e) SD, and (f) loss of SA (Cooke, 2008).  To counteract the lack of presence, 

Cooke (2008) recommended researching improvement of sensors, use of synthetic 

overlays/enhanced displays, and the incorporation of motion/tactile feedback. 

One area Cooke (2008) disagrees with Nullmeyer et al. (2007) on is using training 

to fix issues associated with design.  Cooke (2008) asserts that insufficient standards exist 

for the qualification of pilots and the necessary knowledge/skills set for operation is not 

clear.  Cooke (2008) recommends performing additional research before implementing 

training as a solution.  This research includes the determination of: (a) operator 

knowledge, skills, and abilities, (b) commonality, (c) most effective training 
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methodology, (d) experience prerequisites, (e) necessary training activities, (f) 

assessment of performance, (g) instructor training, and (h) differentiating competency of 

expertise (Cooke, 2008).   

In a presentation developed for a Cognitive Engineering Research Institute 

workshop, Gloria Calhoun (2008), of the Air Force laboratory, discussed research to 

determine the value associated with combining synthetic vision with live camera video 

feed on an unmanned aircraft visual display (Calhoun, 2008).  There were three methods 

of improving unmanned aircraft operator video imagery that were examined in the 

research activities: (a) overlaying of computer generated (CG) imagery on the video 

display, (b) the utilization of a hybrid of live imagery and synthetic image generation, and 

(c) the use of a task transition tool to reduce the negative effects associated with task 

transfer (Calhoun, 2008).  For the research, spatial information relating to the terrain was 

overlaid the dynamic video feed from the unmanned vehicle camera (Calhoun, 2008).   

Calhoun’s (2008) findings were that using a synthetic symbology overlay has the 

potential for: (a) enhancing operator SA, (b) reducing workload, and (c) improving 

designation of interest points.  Calhoun’s (2008) research presents a similar concept as 

the proposed research by improving the amount of information presented to an operator, 

using a different conceptual delivery method (i.e., symbology overlay).  Calhoun’s 

research (2008) provided the operator with additional data relating to the operational 

environment of the flight vehicle element. 

Situational Awareness 

According to Cooke (2008) and Tvaryanas (2006), SA has shown to be a major 

contributor to unmanned aircraft operator performance, critical in making effective 
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decisions (Endsley & Connors, 2008), accountable for safety concerns with the 

unmanned operation (English et al., 2008), and quantified to describe human experiences 

in teleoperation and simulation (Riley et al., 2004).  The following subsections present a 

discussion of an overview of SA, prior SA research, and SA in unmanned aircraft. 

SA overview.  Mica R. Endsley (1988), a SA researcher, developed a conceptual 

framework for the measurement of SA termed, SAGAT.  Endsley (1988) provided the 

overview of the SAGAT framework in a report titled Situational awareness global 

assessment technique (SAGAT).  Endsley (1988) indicated the catalyst for the framework 

was the need for an objective SA measurement method that could assist in the design of 

pilot vehicle interfaces to establish and maintain high operator SA levels.  Although 

development in 1988, the framework can be considered a foundational resource based 

upon use by researchers as a standard SA measurement tool for areas outside of the 

original scope (Barnett & Ross, 2008; Riley et al., 2004). 

The design of vehicle interfaces must concentrate on promoting the establishment 

and maintenance of SA (Endsley, 1988).  An interface operator’s SA originates with the 

perception of environmental elements, using displays or personal senses (Endsley, 1988).  

The quality of the SA is regulated personal capability, training, experience, 

preconceptions, objectives, and continuous tasking (Endsley, 1988).  According to 

Endsley (1988), SA is a critical component in an operator’s decision making process, 

containing the data necessary to comprehend the environment they are operating in.   

Endsley (1988) defines SA as “the perception of the elements in the environment 

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

projection of their status in the near future” (p. 792).  This definition refers to three 
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components of SA: (a) perception, (b) comprehension, and (c) projection (Endsley, 

1988).  The operator environmental perception is further sub divisible into three 

categories representing areas within the operator’s area of interest during operation: (a) 

immediate, (b) intermediate, and (c) long range (Endsley, 1988).  The operator’s 

perception inputs to their comprehension of the environment, which in turn inputs to the 

projection element (Endsley, 1988).   

The SAGAT framework is a variable methodology for the measurement of SA 

(Endsley, 1988) and requires several activities for implementation:  

1. An operator uses a man in the loop simulator to operate a predetermined 

mission scenario. 

2. At random intervals, the tester halts the simulation and blanks out the 

visual displays. 

3. The operator is presented with a random selection of SAGAT queries 

regarding knowledge of situation for the exact moment of time. 

4. The simulation is continued and query halts occur at random intervals to 

obtain accurate sampling. 

5. At the conclusion of the testing, the answers to the query undergo 

evaluation based on the situation of the simulation during each query halt. 

6. A composite SAGAT score is determined using three zones of interest to 

the tester, immediate, intermediate, and long range. 

7. Testing continues with different test participants to capture a sufficient 

sample number for statistical significance analysis and comparison. 
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The limitation of SAGAT is the requirement for the tester to halt the simulation to collect 

data from both the simulation (i.e., conditions to measure operator query response 

against) and the operator (Endsley, 1988).  The advantages of SAGAT include: (a) 

obtaining a current picture of an operator’s evaluation of the situation, (b) use of a global 

measurement of SA, (c) use of a direct measurement of SA, (d) objective data collection, 

and (e) direct validity of the measure (Endsley, 1988).   

Concepts from the SAGAT framework are evident in the design of the 

experimental testing for the proposed testing.  The purpose of the proposed research 

design shall be the examination of the three measures of SA, perception, comprehension, 

and projection using the SAGAT framework.  During the design of the proposed research 

design, it was necessary to note Endsley’s (1988) recommendations for establishment of 

the SAGAT framework and the experiences, design decisions, and adaptations observed 

in other researchers’ use of SAGAT (Barnett & Ross, 2008; Riley et al., 2004). 

SA research.  Prior SA research contains examinations of how to use SA to 

quantify human experience (Riley et al., 2004), explore relationships between SA and 

human factors (Sterling & Perala, 2007), identify factors that affect SA (Barnett & Ross, 

2008; Endsley & Connors, 2008), and analyses of aspects of SA that can improve the 

design of automated robotic systems (Freedman & Adams, 2009).  The following is a 

description of each of the contributions toward this topical discussion point. 

Researchers Riley et al. (2004) developed an article titled Situation awareness 

and attention allocation measures for quantifying telepresence experiences in 

teleoperation for the journal Human Factors and Ergonomics in Manufacturing.  This 

report contained a discussion regarding the worth of SA and attention allocation measures 
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(Riley et al., 2004).  The purpose of the research was to create a nondiscriminatory 

measurement of telepresence and examine the relationship between telepresence and 

teleoperation (Riley et al., 2004).  Riley et al. (2004) established a measurement of SA in 

their research, which applied to the quantifying of the telepresence measurement. 

Telepresence is describable as the feeling of being present in a remote location 

through artificial means (Riley et al., 2004).  This concept occurs in the egocentric 

interaction between unmanned aircraft operators and the remote vehicle element (Riley et 

al., 2004; Williams, 2007a).  Performance increases associated with the remote operation 

of a task are possible when the operator feels they are actually present at the remote 

location (Riley et al., 2004).  According to Riley et al. (2004), SA is like attention and is 

divisible through multiple local and remote environments.  An increase in SA for one 

environment (i.e., local) may lead to a loss of SA for the other (i.e., remote; Riley et al., 

2004).  An example of this observation is when an operator focuses on their local 

environment (i.e., control interface) the SA relates to the local operation increases; 

whereas the SA associated with the remote environment decreases because their focus 

has shifted away from this area (Riley et al., 2004). 

In their research, Riley et al. (2004) used the SAGAT framework to capture the 

SA levels of their test participants.  The characteristic of SAGAT as an objective measure 

that does not negatively affect task performance appealed to the researchers (Riley et al., 

2004).  Riley et al. stated that SAGAT reduced the potential for bias by randomly 

querying test participants.  Riley et al.’s findings indicated that SA and attention of a 

subject both form relationships with telepresence that applies to quantifying human 

experiences in both teleoperation and virtual reality systems. 



60 

 

 

Sterling and Perala (2007), a pair of researchers, developed a report titled 

Workload, stress, and situation awareness of soldiers who are controlling unmanned 

vehicles in future urban operations for the Army Research Laboratory.  Their report 

contained an examination of operator SA, stress, and workload of unmanned 

reconnaissance platforms in an urban environment (Sterling & Perala, 2007).  The 

research consisted of the observation of operators controlling unmanned aircraft, 

unmanned ground vehicles (UGV)s, and unmanned ground sensors in a simulation that 

was integrated with the Future Combat System (FCS) framework (Sterling & Perala, 

2007).  The research led to the development of a series of recommendations regarding 

human factors considerations for future operations: (a) inclusion of automatic target 

tracking, use of teleoperation controls for operational adjustments, (b) automatic scan 

functionality for sensors, and (c) automatic route plotting to a specific location (Sterling 

& Perala, 2007). 

Sterling and Perala (2007) used an exploratory research approach, as opposed to 

hypothesis testing, in the determination of: (a) operator SA, (b) stress, and (c) workload 

levels.  To measure the physical and mental stress of an operator, the researchers used a 

rating scale (Sterling & Perala, 2007).  For the measurement of operator SA, the 

researchers modified the China Lake situation awareness (CLSA) rating scale, a five 

point scale designed by the naval Warfare Center, to account for 10 possible points 

(Sterling & Perala, 2007).  The workload was determined using the NASA developed 

task load index (TLX), a multiple dimensional rating method that has six subscales with 

20 points per scale (Sterling & Perala, 2007). 
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Sterling and Perala’s (2007) research used a very low number of test participants, 

did not manipulate the independent variables, and could not capture participant survey 

results daily.  These factors resulted in the researchers only capturing description 

statistics (Sterling & Perala, 2007).  The researchers did not attempt to isolate why 

workload results occurred, leading them to postulate possible reasons for variation as 

including lack of operator experience, network problems, supervision type, or other 

components associated with the support of infantry units (Sterling & Perala, 2007).   

Sterling and Perala’s (2007) research differs significantly from the proposed 

research design, as there was no attempt to isolate interface components, actions, or 

factors that contributed to the SA of the test participants.  As a general inquiry into SA, 

the research performed its role; the results indicated that the research could have obtained 

a more in depth insight with the inclusion of additional experimental controls (Sterling & 

Perala, 2007).  The use of an insufficient sample and inconsistent data capture calls into 

question the validity of the research (internal and external) and the reliability of their 

findings. 

Researchers Barnett and Ross (2008) developed a report titled Automated 

feedback and situation awareness in net-centric C3, for the U.S. Army Research Institute 

for the Behavioral and Social Sciences.  The report contained an examination of the 

affect of using automated audio visual cueing on SA and perceived workload of net 

centric warfare (NCW) users (Barnett & Ross, 2008).  Barnett and Ross performed 

comparative experimentation of test participants viewing a net centric system simulation.  

The first experiment captured the SA and workload of the participant as they monitored 

the simulation with and without the alerting system (Barnett & Ross, 2008).  The second 
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experiment measured the SA and workload, increased the difficulty of the monitoring 

activity, and added additional visual cueing to the alerting system (Barnett & Ross, 

2008). 

Barnett and Ross (2008) chose to use the SAGAT method for the capture of test 

participant SA in their experimentation.  To follow the SAGAT method, they developed a 

set of SAGAT questions presented to the participants during predetermined intervals of 

the simulation (Barnett & Ross, 2008).  The researchers categorized the SAGAT 

questions for the second experiment in regards to Level 1 SA (perception), Level 2 SA 

(comprehension), or Level 3 SA (projection) measurement (Barnett & Ross, 2008).  For 

the analysis of their results, the researchers used the repeated measures ANOVA method 

to determine significance (Barnett & Ross, 2008).  The experimentation findings 

indicated that the use of automated alert cueing did not cause a measurable change in SA, 

but did lower the mental workload of the user (Barnett & Ross, 2008). 

 Mica C. Endsley and Erik S. Connors (2008), associate members of IEEE and SA 

researchers, developed a report titled Situation awareness: State of the art for the 2008 

Power and Energy Society General Meeting.  The report contained a description of 

current SA research related to the power transmission and distribution (T&D) industry 

(Endsley & Connors, 2008).  For this subject the authors built off Endsley’s (1988) 

previous SA work, adapting SA measurement for T&D.  ATC, aviation, and military C2 

SA research has been performed in the past and forms a research base applicable to T&D 

(Endsley & Connors, 2008).   

Although the audience and design of the report focused on T&D, the concepts and 

tenets discussed by Endsley and Connors (2008) still hold true for unmanned aircraft 
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operators because of both overarching SA philosophy and specifics of design for an 

operator interacting with a control interface.  Endsley (1988) noted that SA is composed 

of three components, or levels: (a) perception, (b) comprehension, and (c) projection.  

Level 1 SA, perception is the detection of meaningful environmental cues (Endsley & 

Connors, 2008).  An operator then uses this perceived information to create a complete 

image of the environment of interest, which is Level 2 SA, comprehension (Endsley & 

Connors, 2008).  The final stage Level 3 SA, projection, requires the operator to use the 

comprehension of the environment with the latest perception to deduce how the future 

state of the environment affects the system state (Endsley & Connors, 2008). 

 The role of SA as the base for decision making applies to every example of its 

implementation, regardless of differences in elements necessary in its acquisition 

(Endsley & Connors, 2008).  Acquiring and maintaining a high SA is critical to making 

effective decisions (Endsley & Connors, 2008).  There are several difficulties associated 

with obtaining SA, which necessitate forethought in system design (Endsley & Connors, 

2008).  These difficulties consist of: (a) narrowing of attention, (b) trapping information 

in memory, (c) stressor activities, (d) overloading the operator, (e) misdirection of 

operator attention, (f) increasing complexity, (g) unorthodox mental models, and (h) low 

awareness in automation (Endsley & Connors, 2008).  According to Endsley and Connors 

(2008), SA remains within the operators mind and requires the successful transmission, 

absorption, and assimilation of information to establish and maintain. 

Freedman and Adams (2009), a pair of SA and robotic interaction researchers, 

developed a report titled Improving robot situational awareness through commonsense: 

Side-stepping incompleteness and unsoundness for the Human-Machine Laboratory 
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Technical Report.  Their report contained the details of an investigation into using 

commonsense reasoning to establish SA of a robot (Freedman & Adams, 2009).  Robotic 

systems, like human operators of unmanned aircraft, must contend with processing large 

amounts of information to obtain and maintain SA (Freedman & Adams, 2009).  Humans 

possess the ability to use mental models, schemas, attentional direction, automatic 

response, processing methods, and commonsense reasoning (Freedman & Adams, 2009).   

Commonsense reasoning is the ability of a human to administer simple tasks and 

comprehend obvious or intuitive concepts (Freedman & Adams, 2009).  Humans use 

commonsense defaults to understand their environment and actions within this 

environment (Freedman & Adams, 2009).  Freedman and Adams (2009) presented 

further refinement of Endsley’s definition of SA as groupings and a description of 

processes coordinated to form human cognition.  Level 1 SA, perception, requires the 

capture of information from the environment (Freedman & Adams, 2009).  Level 2 SA, 

comprehension, merges the Level 1 SA information into a conceptual understanding of 

the existing environment (Freedman & Adams, 2009).  Level 3 SA, projection, uses the 

Level 1 SA information together with the Level 2 SA model to construct a prediction of 

the environment (Freedman & Adams, 2009).   

Unmanned aircraft SA.  In recent years multiple researchers have asserted that 

there is a link between the lack of unmanned aircraft operator SA and the occurrence of 

unmanned aircraft accidents (Leduc et al., 2005; Nehme et al., 2008; Mola, 2008; 

Sossong, 2006).  The following is a description of each of the contributions toward this 

topical discussion point. 



65 

 

 

 Researcher Julie A. Adams (2007) developed a report titled Unmanned vehicle 

situation awareness: A path forward for the 2007 Human Systems Integration 

Symposium.  The report contained a discussion regarding SA associated with unmanned 

vehicle operation and the development of architecture for unmanned SA based upon 

human SA (Adams, 2007).  Adams examined exclusive attributes of unmanned vehicles 

that affect unmanned SA and the significance of human unmanned interactions.  Modern 

unmanned vehicles require a human as an integral part of the system to ensure mission 

success (Adams, 2007). 

Human integration into the unmanned system places cognitive demands on the 

human, because they must use cognitive ability (Adams, 2007).  One of the cognitive 

demands is SA (Adams, 2007).  An unmanned system with SA capabilities comparable to 

a human would: (a) improve the likelihood of mission success, (b) influence and support 

the SA of the integrated human component, and (c) allow a single operator to supervise a 

larger group of vehicles (Adams, 2007).  In current unmanned control systems, the 

human component remotely operates the vehicle element (Adams, 2007).  This operation 

results in a limitation of the understanding of the vehicle, environment, and vehicle 

environmental interaction (Adams, 2007).  The resulting reduction in understanding 

occurs because of limitations of or inaccurate readings from the unmanned sensors, 

which are not in an easily comprehended format (Adams, 2007).  When information 

requires additional interpretation by an operator, their cognitive demand increases 

(Adams, 2007).   

 Adams (2007) used Endsley’s conceptual definition of SA in the research design, 

broken into three stages, Level 1 through Level 3 SA and applied these levels to the 
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concept of unmanned SA to develop a formal definition of unmanned SA.  The level of 

autonomy, roles of human in system interaction, and the number of human and vehicle 

elements in the system required consideration in the development of the framework 

(Adams, 2007).  Adams determined a series of equations that identify the SA levels of 

human components, the system, and teams for an introductory unmanned systems SA 

framework. 

 Freedman and Adams (2007) collaborated to examine the fundamental constituent 

elements of unmanned SA, in a report titled The inherent components of unmanned 

vehicle developed for the 2007 IEEE International Conference on Systems, Man and 

Cybernetic.  The purpose of this report was to present a description of the necessary 

elements required to create SA in an unmanned vehicle (Freedman & Adams, 2007).  

This research used Adams previous unmanned SA work as a foundation to further 

redefine the framework to identify a more complete definition and potentially increase 

human robot interactions in dynamic situations (Freedman & Adams, 2007). 

 Unmanned SA is divisible into two distinct categories, non inherent and inherent 

(Freedman & Adams, 2007).  Non inherent unmanned SA is a component of unmanned 

SA introduced to the system during design based upon naturally occurring human bias 

(Freedman & Adams, 2007).  Inherent unmanned SA is the features and limitations of the 

systems (i.e., hardware and software) and components of human SA (Freedman & 

Adams, 2007).  The human SA components are composed of: (a) attention, (b) explicit 

focus, (c) memory (working and long term), (d) stress, (e) workload, (f) failures, (g) 

uncertainty, (h) SA (ideal, achievable, and actual), and (i) vigilance (Freedman & Adams, 

2007).   
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 Ideal SA describes an awareness of the entire operational situation, which is most 

likely unachievable (Freedman & Adams, 2007).  This concept can be observed in the 

proposed experimentation as the baseline value taken from the simulation for use in 

comparison to the test participants query response.  Achievable SA is the optimal level of 

SA possible given the cognitive and perception capabilities of the human (Freedman & 

Adams, 2007).  Actual SA describes the current SA of the human and directly 

corresponds to achievable SA (Freedman & Adams, 2007).  Actual SA also is the 

component of SA that requires measurement from test participants in this proposed 

research study, which shall be captured using the SAGAT probe insertion (query) 

method.  Instilling unmanned vehicles with SA shall facilitate acquiring of environmental 

and mission awareness, which increases the likelihood of mission success and reduces the 

demands placed on an operator (Freedman & Adams, 2007).   

In an article titled, “Do drones get vertigo, too? Up there or down here, it can be 

a struggle to maintain ‘situational awareness’,” journalist Roger A. Mola (2008) 

presented an in depth analysis of how the maintenance or loss of SA can affect unmanned 

aircraft operators and remote platforms.  In the article, Mola (2008) interviewed operators 

and researchers who identified the effect of poor control interfaces on an operator and 

attributed 26.5% of Predator unmanned aircraft accidents to pilot misperceptions.  

Unmanned aircraft controls lack sensory cues, promote the occurrence of human errors, 

are subject to latency, increase fatigue, and cause SD of operators (Mola, 2008).  These 

factors contribute to the occurrence of human errors in the operation of the system (Mola, 

2008).   
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Researchers Nehme, Crandall, and Cummings (2008) examined the affect that SA 

had on control of multiple unmanned vehicles using a discrete event simulation model in 

a report titled Using discrete-event simulation to model situational awareness of 

unmanned-vehicle operators.  The report contained the presentation of the research 

premise and results and the validation of simulation as a method to capture the effect on 

the participant SA (Nehme et al., 2008).  The research results contained the indication 

that the simulation model was able to present a model of the SA and the effect on 

participant workload and a description of a successful example SA model implementation 

(Nehme et al., 2008). 

Nehme et al. (2008) referred to Endsley’s (1988) previously discussed definition 

of SA, which identifies three components of SA: (a) perception, (b) comprehension, and 

(c) projection.  The SA capture in the research occurred through the development of a 

model the focused on operator utilization (Nehme et al., 2008).  The researchers used the 

SA model, termed queuing model, in a two by four mixed factorial experimentation that 

required test participants to perform a simulated search and rescue activity with 

increasing unmanned vehicle team sizes of two, four, six, and eight (Nehme et al., 2008).  

The results of using the SA queuing approach were positive, because of the ability to 

depict an accurate model of the SA and workload while quantifying the affects of the 

experimentation (Nehme et al., 2008).  The SA capture method used by Nehme et al. 

(2008) represents an alternative method to the SAGAT query insertion probe. 

Jill L. Drury and Stacey D. Scott (2008), two unmanned aircraft researchers, 

developed a research article titled Awareness in unmanned aerial vehicle operations in 

the International C2 Journal that identified the importance of design an interface for both 
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the human and the unmanned components of an unmanned aircraft system.  The 

presentation of the concepts of operator motivation and awareness indicate how 

awareness can influence design (Drury & Scott, 2008).  This article contained a detailed 

description of the design, considerations, and implementation of a human UAV 

awareness framework to refine the concept of awareness (Drury & Scott, 2009).   

Drury and Scott (2008) discussed how an effectively designed control interface is 

critical for successful operation of an unmanned aircraft.  The researchers developed a 

framework that identified informational components necessary in an interface (Drury & 

Scott, 2008).  Drury and Scott identified two potential cases that can exist in a design: (a) 

a base case in which the system design accommodates a single operator control of a 

single vehicle and (b) a general case in which the system design accommodates a 

dynamic number of operators controlling a dynamic number of vehicles.  The framework 

requires several considerations in its application: (a) level of automation, (b) control 

schemes, (c) role of the operator, and (d) interaction of the vehicle with stakeholders 

(Drury & Scott, 2008).   

Drury and Scott (2008) identified the need for: (a) an operator’s comprehension of 

the unmanned aircraft (human UAV awareness), (b) unmanned aircraft’s comprehension 

of the operator (UAV human awareness), and (c) awareness of the mission (overall 

mission awareness).  The concept of human UAV awareness consists of four dimensional 

relationships between the vehicle and points on the earth, other aircraft, obstacles, targets, 

and operational threats (Drury & Scott, 2008).  The concept of UAV human awareness 

consists of directional commands to the vehicle and constraints that necessitate a change 

in response or non compliance to a command (Drury & Scott, 2008).  Finally, the concept 
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of overall mission awareness contains mission purpose, mission instructions, customers, 

other stakeholders, progress, moment by moment progress, time constraints, decision 

points, and related missions (Drury & Scott, 2008). 

Researchers Giordano et al. (2010) developed a report titled Visual-vestibular 

feedback for enhanced situational awareness in teleoperation of UAVs for the AHS 66th 

Annual Forum and Technology Display conference.  The researchers presented a new 

technique for improving operator SA in the control of an unmanned air vehicle element 

(Giordana et al., 2010).  The new technique consisted of the integration of vestibular 

feedback with the visual information captured using the aircraft camera and the inclusion 

of motion cues using a motion platform (Giordano et al., 2010).  In support of 

determining the effectiveness of this control method, the researchers carried out a series 

of experiments that evaluated the performance of the system using 16 test participants 

and 54 trials per participant (Giordano et al., 2010). 

An operator’s SA is subject to degradation from the quality and quantity of 

information depicted by the HMI (Giordano et al., 2010).  If an HMI presents too much 

information to process (i.e., overloaded visual information) fatigue or distraction can 

occur, which may lead an operator to perform an incorrect course of action such as a 

crash or mishap (Giordano et al., 2010).  Multiple factors can restrict the use of 

unmanned aircraft, such as: (a) cluttered operating environments, (b) low altitude flight in 

urban settings, (c) performance of sensitive missions, or (d) low SA (Giordano et al., 

2010).   

Giordano et al. (2010) used the ANOVA method in the analysis of their 

experimental results to determine if there was a significant difference between participant 
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observations, which consisted of the time required to perform a task, the pitch control 

effort, and the roll control effort in the control of a simulated vehicle and the real world 

vehicle.  The findings indicated that when the operators were able to feel aircraft 

accelerations, they were more aware of dangerous stress and load conditions of the 

aircraft (Giordano et al., 2010).  Improved SA is critical component for the successful 

operation of an unmanned aircraft and reduces the likelihood of human errors because of 

misrepresentation of the aircraft’s status (Giordano et al., 2010).   

Visual Interaction and SA 

 SA has been tied to information gathered from visual display systems and the 

interactions users have with these system (Drury, Richter, Rackcliffe, & Goodrich, 2006; 

Kadavasal & Oliver, 2007).  Without sufficient SA, the performance of the system suffers 

(Giordano et al., 2010).  The use of larger screens (Stelzer & Wickens, 2006), augmented 

imagery (Drury et al., 2006; Kadavasal & Oliver, 2007), and dynamic visuals (de Vries, 

2001; Osborn, 2009) influence the factors that affect SA of operators (Endsley, 1988).  

The following subsections present a discussion of prior research that compared 

performance of unmanned visual interaction, limitations of current visual interaction, and 

a description of visual interaction SA modifiers. 

Unmanned visual interaction research.  For the last 10 years, researchers have 

been examining the effectiveness of control interface methods for various purposes.  This 

research has included the direct comparison of interface methods (de Vries, 2001), the 

evaluation of an interaction design approach to augment unmanned aircraft video 

imagery (Drury et al., 2006), and the examination of biomimetic control of eyepoint (Xie 
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et al., 2007).  The following is a description of each of the contributions toward this 

topical discussion point. 

De Vries (2001) developed an early investigation into the effects of using a head 

slaved (i.e., head tracked) camera control versus joystick control for unmanned aircraft.  

De Vries’s (2001) research, described in a report titled Head-slaved control versus 

joystick control of a remote camera, consisted of comparative experimentation that 

focusing on the use of two interface methods for the control of a simulated unmanned 

aircraft camera.  In the research, de Vries (2001) used a head tracker control and three 

types of joystick control: (a) standalone passive, (b) standalone force feedback, and (c) a 

hybrid combination with the aircraft control joystick.   

De Vries (2001) determined that the use of head tracked control was preferable to 

joystick control based upon the operator’s hands remaining free, intuitive determination 

of camera direction, compatibility between the control and the display, historical 

observation in the literature review of poor performance using joystick control.  The 

results of the research indicated that there was no discernible difference in performance 

of a head slaved control compared to joystick control of the onboard camera system (de 

Vries, 2001).  De Vries was not able to establish conclusively if a head tracker control 

improved the SA of a user.  De Vries (2001) indicated the results of the comparative 

study occurred because of the low quality of the equipment.   

De Vries (2001) indicated that further research would be necessary to establish a 

decisive conclusion concerning head tracking versus joystick control of unmanned 

camera for the increase of SA (de Vries, 2001).  De Vries asserted when ergonomic (i.e., 

human factors) issues associated with the operation of helmet mounted displays (HMD) 
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are solved; their usefulness in unmanned camera control should increase.  De Vries 

identified that camera control using a joystick should be made to correspond to 

directional control, instead of rotational rate control.   

De Vries (2001) did not directly describe the results of the experimentation 

against SA measures.  A major factor de Vries (2001) did not cover in the 

experimentation was comparison of the two method results to the standard baseline of 

static eyepoint found in many operational unmanned systems (Raytheon, 2006; “Wasp III 

(BATMAV) micro UAV,” 2009; Schiebel, 2010).  The proposed research shall use two 

of de Vries visual interaction methods (head tracker and analog joystick), in addition to 

two more manipulation methods (uninterrupted hat/POV switch and incremental hat/POV 

switch), and a control treatment (static eyepoint).  

Emily M. Stelzer and Christopher D. Wickens (2006), two researchers from the 

University of Illinois, examined the effects that display size has on flight control, 

surveillance of the airspace, and goal directed search for targets in a research article for 

the Human Factors journal titled Pilots strategically compensate for display enlargements 

in surveillance and flight control tasks.  The researchers focused on using 

experimentation to observe pilot interaction with a flight simulation using multiple sized 

displays as they performed hazard surveillance and target search tasking (Stelzer & 

Wickens, 2006).   

The researchers indicated that a larger display resulted in less path error and 

larger stick activity, attributable to an increase in the enhanced resolution and corrective 

deviation during control (Stelzer & Wickens, 2006).  The size of the display did not 

affect the target search or surveillance of hazards because the human operators were able 
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to adapt to the screen size change (Stelzer & Wickens, 2006).  The flight control 

performance was shown to reduce as the display reduces (Stelzer & Wickens, 2006).  

Reducing a display size below 10 degrees of the visual angle by modifying the physical 

size or the compression of the image on a three dimensional display could introduce bias 

in perception of distances in the environment and tracking (Stelzer & Wickens, 2006).  

Alternately, increasing the display size shall likely result in an increase to the workload 

of the pilot performing hazard surveillance activities, because they need to scan a larger 

area (Stelzer & Wickens, 2006). 

Drury et al. (2006) performed research in support of developing improved SA in 

conditions pertaining to the operation of an unmanned aircraft, which they detailed in a 

report titled Comparing situation awareness for two unmanned aerial vehicle human 

interface approaches.  Their research included the development of a system that used pre 

loaded terrain data to augment real time video data from an unmanned aircraft, used in 

the performance of experimentation to determine if augmentation of video increased the 

SA of a participant over a standard video feed (Drury et al., 2006).  In the 

experimentation, the independent variable was represented by the video treatments (i.e., 

with real time video augmentation and without) (Drury et al., 2006). 

In the report, Drury et al. (2006) referred to the previously discussed definition of 

SA developed by Endsley (1988), which identifies perception, comprehension, and 

projection as the three elements of SA.  Unmanned aircraft pilots consistently identify the 

lack of SA in the operation of the system as an important area of focus for HMI 

improvement (Drury et al., 2006).  Drury et al. observed unmanned aircraft operations 

and identified that current controls do not present essential condition information to the 
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operator, the reduced visual display is not the optimal method for a pilot to capture and 

maintain SA.  The researchers hypothesized that the augmentation of the existing video 

data would improve the comprehension of three dimensional spatial relationships 

between the air vehicle element and points in the environment (Drury et al., 2006). 

The hypothesis testing occurred through experimentation that required a test 

participant to perform tasks associated with search and rescue, while an automated 

system flew along a predetermined using a video feed with: (a) augmented data and (b) 

then using a standard video feed (Drury et al., 2006).  Participant SA was captured by 

requiring each participant to identify on a map where they perceived the objective 

location (Drury et al., 2006).  The accuracy of the answer implicitly determined the SA of 

the participant (Drury et al., 2006).  The researchers provided a Likert scale questionnaire 

at the end of the activity, which identified the participant opinions regarding operation of 

the system (Drury et al., 2006).   

The results of the experimental testing indicated that the use of the augmented 

video feed did increase the SA of participants over an un-augmented feed (Drury et al., 

2006).  Furthermore, the questionnaire results indicated a higher degree of confidence 

from participant use of the augmented system over the un-augmented system (Drury et 

al., 2006).  The investigators believed that the research holds potential implications for 

scenarios outside of unmanned vehicle control in the monitoring and comprehension of 

information presented real time in a map format (Drury et al., 2006).   

Researchers Xie et al. (2007) developed a report that contained an examination of 

the use of biomimetic control of a pan, tilt, and zoom camera sensor in an autonomously 

operated helicopter for the 2007 IEEE/RSJ International Conference on Intelligent 
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Robots and Systems.  Characteristics such as vibration and movement in an unmanned 

vehicle element cause poor image stabilization of the optical imagery, requiring 

correction (Xie et al., 2007).  The researchers developed an approach to mitigate these 

issues using a biomimetic oculomotor control model to control a dynamic camera sensor 

(Xie et al., 2007). 

In their research, Xie et al. (2007) treated the camera as an analog to a human eye 

within a head, which was represented by the air vehicle element.  The camera, like an 

eye, is capable of: (a) rotation, (b) correction, and (c) focus (Xie et al., 2007).  The 

camera provided the ability to track a specific target through an environment despite 

movement and vibration in the system (Xie et al., 2007).  To recreate the functionality of 

an eye, the researchers developed a model that simulates the biomimetic control that 

exists within the human ocular system using: (a) a software model, (b) a three axis 

gyroscope, and a (c) pan, tilt, and zoom camera sensor (Xie et al., 2007).   

Xie et al. (2007) were able to establish that the use of biomimetic simulation does 

have the ability to compensate for deflection introduced by the flight vehicle element, 

resulting in enhanced performance of the tracking system.  This system does not directly 

correspond to the proposed goal of examining dynamic visual interaction; but does 

contain important information that could be useful in the development and assessment of 

future interaction methodologies tied to human capability.  The implementation of a 

system that reproduces human eye movement using a pan, tilt, and zoom camera system 

indicates that higher performance is possible using dynamic viewpoint (Xie et al., 2007). 

Limitations of current visual interaction.  Narrow (limited) FOVs visual 

displays remove peripheral cueing available through peripheral vision (Kadavasal & 
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Oliver, 2007).  This loss of cueing can be corrected or supplemented by: (a) augmenting 

the displayed visual information with processed data (Fox, Abernathy, Draper, & 

Calhoun, 2008; Kadavasal & Oliver, 2007) or (b) using automation for the control of the 

aircraft allowing the human element to focus on visual interaction (Lewis et al., 2009).  

The following is a description of investigator contributions toward this topical discussion 

point. 

 Kadavasal and Oliver (2007) developed a report titled Sensor enhanced virtual 

reality teleoperation in dynamic environment for the 2007 IEEE Virtual Reality 

Conference that contained an examination of using simulation to augment the sensor and 

image processing capabilities of unmanned aircraft visual display systems.  Their 

research identified and addressed issues associated with remote operation that include: (a) 

latency, (b) limited FOV, and (c) continuous operator navigation (Kadavasal & Oliver, 

2007).  Remote operation facilitates performing activities not conducive to human 

presence because of danger or inhospitality of the environment (Kadavasal & Oliver, 

2007).  Autonomous control does not have sufficient decision making capability for 

dynamic responses necessary to operate in these environments and requires an active 

human component (Kadavasal & Oliver, 2007). 

 The researchers identified that remotely operated systems using video feedback 

are subject to latency inherent to the delivery of the environmental video data to the 

controller and C2 from the controller to the remote vehicle (Kadavasal & Oliver, 2007).  

The occurrence of latency in the system causes in an intuitive disconnect between the 

operator and vehicle element, which creates the potential for SA loss (Kadavasal & 

Oliver, 2007).  The typical remote vehicle visual display relays upon a limited FOV that 
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may not present peripheral visual information, which results in the occurrence of the soda 

straw effect (Kadavasal & Oliver, 2007).   

Augmented reality alone is insufficient to compensate for the loss of SA, 

simulated environments are necessary (Kadavasal & Oliver, 2007).  A major issue with 

the use of simulated environment is the variation between the simulation and the real 

world environment (Kadavasal & Oliver, 2007).  Kadavasal and Oliver’s (2007) research 

indicated that a control system enhanced with simulation and automation reduces the loss 

of SA associated with lag and peripheral vision, while increasing the accuracy and 

usability of the system.   

 Fox et al. (2008), a group of unmanned systems experts, developed an article 

titled “Synthetic vision technology for unmanned aerial systems: Looking back and 

looking forward” for the Unmanned Systems journal that contained an examination of the 

use of synthetic vision in unmanned aircraft.  Synthetic vision technology is the 

generation of a simulated three dimensional environment using real time processing and 

previously developed terrain databases for use in aiding pilots and sensor operators (Fox 

et al., 2008).  This technology contains the means to augment existing imagery from the 

aircraft vehicle element to mitigate limitations such as: (a) narrow FOV, (b) data link 

degradation, (c) poor visibility in the environment, (d) bandwidth restrictions, and (e) 

crowded visual environments such as urban areas (Fox et al., 2008). 

 Early synthetic vision technology focused on improving the capabilities of the 

pilot through flight management, while recent efforts have concentrated on the use to aid 

sensor operators (Fox et al., 2008).  Recent research has determined that synthetic vision 

symbology overlays: (a) enhanced the SA, (b) reduced the workload, (c) improved the 
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identification, (d) alleviate soda straw effect, and (e) reduce the time to visually search an 

environment (Drury et al., 2006; Fox et al., 2008).  The observations of prior research 

indicate systems that employ synthetic vision technology result in a higher efficiency of 

sensor operations (Fox et al., 2008). 

Lewis et al. (2009) developed a report titled Using humans as sensors in robotic 

search that contained an examination of the use of human sensory and perception 

capabilities in unmanned operations.  The role of the human in the unmanned system has 

been as an operator or navigator, despite superior capability over machines to perceive 

specific variations in an environment (Lewis et al., 2009).  In unmanned systems, humans 

play deterministic roles in the identification of targets and important characteristics of an 

environment (Lewis et al., 2009). 

In immersed (i.e., egocentric) interaction with unmanned visual systems, the 

operator must contend with a system depicting a narrower FOV than that of a human 

(Lewis, et al, 2009).  The reduction in available visual information results in the 

occurrence of the soda straw effect (Lewis et al., 2009).  The soda straw effect is a 

deterioration of perception that can lead to: (a) disorientation, (b) loss of SA, (c) reduced 

hazard recognition, and (d) the missing of operational information (Lewis et al., 2009).  

The use of a camera sensor with pan and tilt functionality increases the ability to gain 

perspective, but also has the potential to introduce perception issues between the vehicle 

heading and the orientation of the camera view (Lewis et al., 2009).  Lewis et al. (2009) 

recommend the automation of vehicle navigation and the use of humans as perceptions 

sensors, monitoring and integrating information, while they provide navigation guidance 

to the system.   
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Visual interaction SA multipliers.  Recent improvement and research in visual 

control technology contain insight into new visual interaction methods to enhance 

operator SA (Hagerman, 2009; Hall, 2008; Osborn, 2009; Overton, 2009).  These 

improvements include dynamic movement of the visual camera sensor (Hall, 2008), 

creating a mosaic of multiple camera data (Hagerman, 2009; Osborn, 2009), and 

increasing the update rate of camera sensors (Hagerman, 2009).  Gail Overton (2009), a 

Senior Editor with Laser Focus World, wrote an article titled “Rigors of unmanned aerial 

vehicles challenge vision technology” that contained an examination of recent visual 

technology improvements in unmanned aircraft.  Overton reported that at least 45 

countries employ unmanned aircraft and there are more than 200 various vehicle designs 

under development.  The need for lightweight, small, and maneuverable modern aircraft 

places strict demands on the visual systems and C2 elements (Overton, 2009).  The 

current military environment requires an increases in sophistication of unmanned 

systems, which has included the development and use of new vision, global position 

system (GPS), and infrared (IR) ranging components (Overton, 2009).  Visual systems 

advances have included improvement of: (a) target tracking, (b) sensors, (c) data 

transmission, (d) image processing, and (e) visual eyepoint control such as visual 

servoing (Overton, 2009).   

Improvement in visual systems, such as those identified by Overton (2009), 

indicates a maturing of dynamic visual interaction the need for a more complete 

understanding of human interaction with this technology.  The visual SA multipliers 

reflect the: (a) capture and processing of imagery from onboard the different types of air 

vehicles (e.g., MUAV, SUAV, UAV, and UCAV), (b) the display of captured imagery, 
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and (c) interactive control of the eyepoint within the egocentric visual environment.  The 

following is a description of the findings toward this topical discussion point. 

Image capture/processing.  The capture and processing of remote environment 

imagery in a new manner is the first component to examine to increase the amount of 

data to mitigate the loss of peripheral vision.  Some existing unmanned aircraft use a 

gimbaled or turreted camera assembly (General Atomics, Predator, 2010; ScanEagle 

Mini-UAV, 2010), although others rely on a stationary fixed assemblies (Procerus 

Technologies, 2008).  To recreate the remote environment the capture of a larger quantity 

of visual information from the remote environment shall be necessary.  The following 

examples discuss new technologies designed for the capture of data from a remote 

environment using either: (a) multiple sensors and simultaneous image capture or (b) 

singular image capture and a moveable camera assembly.   

Kris Osborn (2009), a journalist with the Defense News trade journal, wrote an 

article that contained an examination of development and testing of a multiple camera 

system for U.S. Army unmanned aircraft.  The mission equipment package (MEP) 

system is a visual sensor package capable of the simultaneous transmission of color, wide 

angle, zoomed, IR, range, and designation data captured from the air vehicle element 

(Osborn, 2009).  This captured data can be combined to observe multiple targets 

simultaneously (Osborn, 2009).  This system serves as a bridge for current capability 

gaps between existing unmanned aircraft platforms, while increasing the performance of 

smaller platforms (Osborn, 2009).  The Army’s willingness to invest in new visual 

technology indicates potential support for visual interaction research.  The MEP is a 

system appropriate for mounting on a larger unmanned aircraft or UCAV platform. 
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Eric Hagerman (2009), a journalist with Popular Science, wrote an article 

detailing the development of the USAF’s Gorgon Stare sensor for the MQ-9 Reaper 

unmanned aircraft.  The Gorgon Stare is a multiple camera visual sensor system designed 

to increase: (a) operator FOV and (b) the ability to perceive the operational environment 

of the aircraft (Hagerman, 2009).  The system captures visual data using five electro-

optical and four IR camera sensors from varying perspectives and compiles them into a 

singular image (Hagerman, 2009).  The result is an image larger than the standard FOV 

of a single camera (Hagerman, 2009).  According to users of the system, the previous 

image capture system resulted in the soda straw effect when zoomed in on a specific 

target, while the use of the Gorgon Stare system increases visibility (Hagerman, 2009).  

The system also increases the refresh rate of the sensors from 30 frames per second (fps) 

to two fps, which improves the ability of an operator to observe immediate changes in the 

environment (Hagerman, 2009).  Gorgon Stare is a system appropriate for mounting on a 

larger UAV or UCAV platforms. 

Hobby-Lobby (2010), an online RC technology marketplace, depicted the 

performance capabilities and operational specifications of the FlyCamOne3, a small, light 

weight, low cost, camera assembly with pan and tilt capability configurable with a head 

tracking system to mirror operator head movements (Hobby-Lobby, 2010).  The system 

uses a 5.8 Ghz wireless interface to transmit altitude, speed, direction, and video 

information to a ground based receiver (Hobby-Lobby, 2010).  The FlyCamOne 3 is a 

system appropriate for mounting on smaller MUAV or SUAV platforms. 

Cloud Cap Technology (2010) developed the TASE Gimbal, a robotic pan and tilt 

camera assembly.  The TASE Gimbal weights 1.98 pounds, is gyroscope stabilized, and 
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accommodates platforms requiring a single tracking camera (Cloud Cap Technology, 

2010).  The TASE Gimbal is a system appropriate for mounting on SUAV or small to 

mid sized UAV platforms. 

Visual interaction devices.  The capture and processing of operator interaction is 

the second component to examine for increasing the amount of data an operator has 

available.  Some existing unmanned aircraft have manual or automated interaction 

methods, such as joystick control of the Predator’s camera (Wise, 2009); while other 

systems do not require input (body fixed cameras).  Methods for the manipulation of the 

data for user perception, comprehension, and projection of data within the remote 

environment require examination.  The following examples discuss contemporary 

technology designed for the capture of user input. 

NaturalPoint (2010) developed the Track IR 5, a head tracker device.  The Track 

IR 5 is capable of six degree of freedom (DOF) sensor tracking to capture 3D movement, 

which is translatable into joystick input (NaturalPoint, 2010).  The system has a 120 feet 

per second (fps) sample rate, a sensor resolution of 640 by 480, a reporting resolution of 

96,000 by 72,000, a FOV of 51.7 degrees, and a response time of 9 milliseconds (ms) 

(NaturalPoint, 2010).  This system is an example of a head tracker device proposed for 

the research, which can be retrofitted into existing GCS designs. 

Saitek (2010) developed the X65-F Combat Control System, a joystick control 

device.  The X65-F Combat Control System has force sensing of the analog joystick 

component, real time adjustment, four hat/POV switches, a trigger, two buttons, and two 

pinky switches, with the potential for capture and delivery of over 608 possible 

commands (Saitek, 2010).  This system is an example of an analog joystick and a 
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hat/POV switch device proposed for the research, which can be retrofitted into existing 

GCS designs. 

Integrated systems examples.  Some systems available today use increased user 

interaction capability for improving the SA of an operator (Beschizza, 2006; Hall, 2008).  

There is no corresponding research to collaborate their claims of improved SA.  The 

following examples discuss contemporary systems that claim to increase the SA of an 

operator. 

Journalist Rob Beschizza (2006) of Wired wrote an article titled “UAV cockpit 

uses game peripherals for UAV control” that contains a discussion regarding Raytheon’s 

development of their UCS.  An operator using the UCS has an improved view of the 

remote environment, which Raytheon expects to enhance SA (Beschizza, 2006).  

Raytheon used gaming technology and focused on designing the UCS on a framework of 

operator tasking instead of the air vehicle (Beschizza, 2006).  Raytheon asserted (as cited 

in Beschizza, 2006) that the UCS is capable of significantly improving operator SA, 

which should increase safety during operation.   

Kevin Hall (2008), a writer with DVICE, wrote an article covering the work of a 

team at Chatten Associates to increase the telepresence between an operator and a 

remotely operated vehicle.  Government findings indicated the reactions of an unmanned 

vehicle operator are almost four times slower than a manned vehicle operator (Hall, 

2008).  The team at Chatten Associates, developed the head aimed remote viewer 

(HARV) system, a combination head tracker and optical display that controls the pitch 

and roll of a camera sensor onboard the vehicle and relays the imagery back to the 

operator (Hall, 2008).  Initial analysis of the HARV system indicates an increase in 
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remote operations performance of 300% to 400% attributable to telepresence (Hall, 

2008).  The HARV system is a practical example of visual interaction, as proposed for 

comparison and examination in this study. 

Experimental Visual Interaction Methods 

The visual interaction techniques proposed for the research reflect current visual 

interaction employed in unmanned aircraft control (Raytheon, 2006; “Wasp III 

(BATMAV) micro UAV,” 2009; Schiebel, 2010), interaction techniques employed by 

previous researchers (de Vries, 2001; Drury et al., 2006; Giordano et al., 2010; Osborn, 

2009; Stelzer & Wickens, 2006) interaction techniques used in other fields such as 

gaming, simulation, and teleoperation (FlightGear, 2011), and custom developed by the 

researcher.  Previous researchers have examined the interactions of several of the 

techniques in previous research (de Vries, 2001; Drury et al., 2006; Giordano et al., 2010; 

Osborn, 2009; Stelzer & Wickens, 2006).  New innovations and advances in the 

technology exhibit a need to reevaluate such interactions, to determine if change is now 

observable.  The following sections contain descriptions of the five techniques employed 

in the proposed study. 

Static visual interaction.  The static eyepoint interaction technique represents the 

static visual interaction method associated with the proposed research.  This method is 

observable in unmanned vehicles through the use of a fixed, immovable camera assembly 

(i.e., body fixed camera) mounted directly to the body of the vehicle (Southwest Research 

Institute, 2010).  This visual interaction method is employed in the majority of unmanned 

aircraft visual designs (Jackson et al., 2008), representing the interaction method 

identified by researchers (Kadavasal & Oliver, 2007; Lewis et al., 2009; Tvaryanas et al., 
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2005) and operators (Drury et al., 2006; Jean, 2008; Mola, 2008) as providing a lack of 

SA.  This technique was selected to represent the control treatment of the proposed 

research based on majority use in unmanned aircraft operations.   

Example unmanned aircraft employing static view.  The Raytheon (2006) Cobra 

UAS is an example of an unmanned aircraft that uses a fixed camera for the capture of 

visual information.  The control system for the Cobra has a configurable display system 

capable of depicting: (a) the primary flight display, (b) a moving map, (c) a SA display, 

(d) warnings and caution indicators, and (e) aircraft telemetry information (Raytheon, 

2006).  In 2008, a Cobra UAS hit a light pole while in autonomous operation at the U.S. 

Air Force Academy (Croft, 2008).  The Cobra UAS is depicted in Figure 6. 

 

Figure 6. Raytheon Cobra UAS. Reprinted from Cobra: Unmanned aircraft system (p.1), 

by Raytheon, 2006. Copyright 2006 by Raytheon. Reprinted with permission. 
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 The Wasp III (BATMAV) MUAV is another example of an unmanned aircraft 

that uses a fixed body camera to provide a static visual interaction during operation 

(“Wasp III (BATMAV) micro UAV,” 2009).  The Wasp III was developed by 

Aerovironment for a Defense Advanced Research Projects Agency (DARPA) MUAV 

program (“Wasp III (BATMAV) micro UAV,” 2009).  The Wasp III uses integrated 

forward looking and side looking fixed cameras and an identical GCS device as the 

Raven B and Puma MUAVs (“Wasp III (BATMAV) micro UAV,” 2009).  The Wasp III 

is designed to provide SA of the operating environment to combat controllers and tactical 

air control party Airmen (U.S. Air Force, 2011).  The GCS display used by the Wasp III, 

Raven B, and Puma MUAVs is depicted in Figure 7.   
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Figure 7. Wasp III video display. Reprinted from Wasp III (BATMAV) micro UAV, 2009. 

Retrieved from http://defense-update.com/products/w/wasp3.htm. Copyright 2009 by 

DefenseUpdate. Reprinted with permission. 

 A recently developed unmanned aircraft that employs a static visual interaction is 

the Schiebel (2010) Camcopter S-100.  The Camcopter uses fixed cameras designed to 

provide an operator with SA and orientation cueing (Schiebel, 2010).  The GCS for the 

Camcopter is composed of two laptop PCs that provide display for mission planning, 

control, aircraft position, and aircraft state (Schiebel, 2010).  The configuration of the 

Camcopter allows for up to four simultaneous video feeds (Schiebel, 2010). 

Example researchers employing static view.  Researchers Jackson et al. (2008) 

developed a report that contained an examination of the use of tracking controllers for use 

in SUAVs subjected to wind disturbance for the 47th IEEE Conference on Decision and 

Control.  The researchers examined two fixed camera techniques for the control of 

SUAVs during surveillance operations: (a) a spatial sliding mode controller and (b) a 

receding horizon kinodynamic controller (Jackson et al., 2008).  Despite the increasing 

use of dynamic visual eyepoint capability in unmanned aircraft, the majority still employ 

body fixed cameras (Jackson et al., 2008).   

Another example of researchers using static visual interaction is Christmann, 

Christophersen, Wu, and Johnson (2008).  The researchers developed a report that 

analyzed interfaces for interacting with small rapid response unmanned helicopters for 

the AHS 64th Annual Forum and Technology Display (Christmann et al., 2008).  The 

researchers employed simulation and an actual flight vehicle to determine that a body 

fixed camera system, with a FOV of 60 to 80 degrees, provided sufficient capability for: 
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(a) collision avoidance, (B) flight path control, and (c) capture of surveillance data 

(Christmann et al., 2008).  Use of a camera system with a FOV of 60 to 80 degrees 

precludes the need for a dynamic visual system such as a turret or gimbal (Christmann et 

al., 2008). 

 Researchers Gans, Shen, and Curtis (2010) examined the selection of unmanned 

aircraft orbits around a series of targets in a report presented at the 2010 IEEE Multi 

conference on Systems and Control.  Fixed camera systems must contend with the need 

for positive velocity when attempting to keep multiple targets in the FOV of the camera 

(Gans et al., 2010).  The use of a visual sensor (i.e., camera) at high attitudes provides the 

potential for advantages in SA (Gans et al., 2010).  Their research indicated that the use 

of an elliptical orbit, based upon mean of target distribution and variance of feature 

coordinates, provides the ability to keep separate targets within a fixed camera FOV 

(Gans et al., 2010).  One of the benefits of using a static visual system is the reduction in 

weight and complexity of the aircraft, compared to those that employ dynamic visual 

interaction (Gans et al., 2010).  

 Dynamic visual interaction.  Dynamic visual interaction is anticipated to 

mitigate the lack of sensory input (Tvaryanas et al., 2005) by providing the user with the 

ability to observe peripheral visual data (Lewis et al., 2009), affecting an increase in SA 

(Nas, 2008).  The use of a dynamic eyepoint for unmanned vehicle interactions 

establishes SA at the lowest level, freeing the cognitive resources of an operator to 

increase higher level SA (van Erp, Duistermaat, Jansen, Groen, & Hoedemaeker, 2006).  

The following subsections contain descriptions of the literature and research relating to 



90 

 

 

each of the four dynamic visual interaction methods: (a) analog joystick, (b) head tracker, 

(c) uninterrupted hat/POV switch, and (d) incremental hat/POV switch. 

Analog joystick.  Analog joystick represents the first dynamic visual interaction 

technique associated with a movable camera assembly (i.e., turreted or gimbaled).  

Dynamic camera eyepoint is becoming increasingly popular in unmanned aircraft 

operations (Jackson et al., 2008).  The analog joystick visual interaction method is a 

technique employed in an unmanned aircraft visual control interface (Wise, 2009) and 

has been used by researchers to examine or improve SA (de Vries, 2001; Ogren & 

Svenmarck, 2007; Quigley et al., 2005; van Erp et al., 2006).  This technique was 

selected as the first alternative visual interaction method of the proposed research based 

on these past uses. 

Example unmanned aircraft employing joystick controlled view.  Quigley et al. 

(2005) developed a report containing an examination of using a gimbaled camera in 

unmanned aircraft target acquisition, localization, and surveillance for the 2005 IEEE 

International Conference on Robotics and Automation.  The control system of their 

research platform, a MUAV, used an analog joystick for the control of a gimbaled camera 

(Quigley et al., 2005).  The acquisition of targets and the ability to perform continuous 

surveillance activities was difficult based on the multiple degrees of freedom (DOF) 

associated with both the airframe and the gimbal assembly (Quigley et al., 2005).  A 

moveable camera system that can transition between positions maximizes the SA during 

operation (Quigley et al., 2005).  Despite the difficulties associated with their design, 

MUAV with dynamic visual interaction exhibit potential for use as adaptable surveillance 
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platforms (Quigley et al., 2005).  This potential reflects why this technique was selected 

as a visual interaction method for the proposed research study. 

Joetey Attariwala (2008), a journalist with 9-1-1 Magazine, wrote an article 

containing a description of emergency services use of unmanned aircraft.  This article 

contained a description of the Los Angeles (LA) County Sheriff department’s use of the 

SkySeer unmanned aircraft (Attariwala, 2008).  The SkySeer represents an example of an 

unmanned aircraft that employs a joystick controlled pan and tilt camera assembly 

(Attariwala, 2008).  The SkySeer visual output is viewable on a portable GCS system that 

connects to two joysticks: (a) the first controls the aircraft and (b) the second controls the 

camera orientation (Attariwala, 2008).  The use of a human in the loop for dynamic 

control of the camera increases the flexibility of the system and maintenance of SA over 

autonomous operation alone (Attariwala, 2008).  The increase in flexibility and the ability 

to maintain SA supports the decision use a similar eyepoint control scheme as a visual 

interaction method for this proposed study 

Example researchers employing joystick controlled view.  Researchers Ogren and 

Svenmarck (2007) developed a report that contained an analysis of a new control method 

for teleoperation of differential drive UGVs for the 2007 46th IEEE Conference on 

Decision and Control.  The basis of the control technique was first person shooter (FPS) 

perspective found in mass marketed video games (Ogren & Svenmarck, 2007).  The FPS 

perspective provides an intuitive control method that many contemporary operators are 

already familiar and that facilitates direct control of the orientation of an onboard camera 

using a joystick (Ogren & Svenmarck, 2007).  The inherent familiarity of users with the 

technique, through their experience with gaming, increases the likelihood of mission 
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success and increasing SA with the simpler UGV operation (Ogren & Svenmarck, 2007).  

The researchers identify that the use of the intuitive method increases the SA of users 

while navigating obstacles (Ogren & Svenmarck, 2007).  The rationale of prior user 

experience and increased SA supports the decision to use a similar eyepoint control 

scheme as a visual interaction method for this proposed study. 

Van Erp et al. (2006) explored multiple interaction techniques for human 

interaction with a remotely operated vehicle (ROV) to determine methods to improve SA 

and reduce cognitive loads of an operator.  The researchers used telepresence and three 

interface methods to examine effect on SA: (a) a joystick, (b) a head tracker, and (c) a 

rotating control chair (van Erp et al., 2006).  The joystick control method correlated the 

movements of the analog X and Y axes movements to the pitch and heading (i.e., yaw) of 

a camera attached to the the ROV (van Erp et al., 2006).  The researchers were unable to 

establish a strong telepresence effect in their research, which they attributed to issues 

with the technology: (a) latency with camera movement and (b) lack of vehicle reference 

points (van Erp et al., 2006).  After performing upgrades to their experimental system, the 

researchers observed evidence of positive SA interaction (van Erp et al., 2006).  The 

ability to improve SA and reduce the cognitive loads of an operator supports the decision 

to use a similar eyepoint control scheme as a visual interaction method for this proposed 

study. 

Moon, Son, Park, and Kim (2007) examined an immersive augmented reality 

interface for use in a construction robotic system for the 2007 International Conference 

on Control, Automation and Systems.  The researchers used a joystick, a digital video 

(DV) converter, a camera, a positioning module, and a vision station as the components 
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of their interface (Moon et al., 2007).  The use of joystick control for the camera 

orientation resulted in intuitive mapping for the camera positioning module and provided 

a means for mitigating effects of a narrow FOV (Moon et al., 2007).  The ability to 

provide intuitive control and capability to mitigate narrow FOV supports the decision to 

use a similar eyepoint control scheme as a visual interaction method for this proposed 

study. 

Head tracker.  Head tracker represents the second dynamic visual interaction 

technique associated with a movable camera assembly.  The use of a head tracker in the 

manipulation of a corresponding visual eyepoint provides instinctive control of the 

camera, while freeing the operator’s hands for other activities and reducing error (Martins 

& Ventura, 2009; Righetti, Cardin, Thalmann, & Vexo, 2007).  The head tracker visual 

interaction method is a technique employed in teleoperated visual control interfaces 

(Amanatiadis, Gasteratos, Georgoulas, Kotoulas, & Andreadis, 2008; Righetti et al., 

2007; Yamauchi & Massey, 2008;) and by researchers examining SA (Martins & 

Ventura, 2009) or effectiveness (Brayda, Ortiz, Chellali, Mollet, & Fontaine, 2010).  This 

technique was selected as the second alternative visual interaction method of the 

proposed research based on these past uses. 

Example teleoperation employing head tracker controlled view.  Researchers 

Amanatiadis et al. (2008) wrote a report describing the development of a stereo vision 

system for teleoperated robots for the 2008 IEEE Conference on Virtual Environments 

Human-Computer Interfaces and Measurement Systems.  The system used a pair of 

cameras, a head tracker, and an HMD for the recreation of the remote environment 

(Amanatiadis et al., 2008).  Use of a head tracker increases the capability of an operator 
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by freeing their hands and using their coordinate frame for orientation (Amanatiadis et 

al., 2008).  The ability to provide intuitive control and free an operator’s hands supports 

the decision to use a similar eyepoint control scheme as a visual interaction method for 

this proposed study. 

Researchers Righetti et al. (2007) developed a report containing a description of 

immersive flight for surveillance applications using an unmanned aircraft for the 2007 

IEEE Symposium on 3D User Interfaces.  The researchers developed a visual control 

system that used a head tracker to control the orientation of a camera onboard the 

unmanned aircraft (Righetti et al., 2007).  The use of a head tracker freed the hands of the 

operator, allowing further attention for piloting the vehicle (Righetti et al., 2007).  The 

use of a dynamic head tracker controlled camera improved the ability of the operator to 

gain an understanding of the environment (i.e., environment perception), resulting in an 

increase to SA (Righetti et al., 2007).  The ability to free an operator’s hands and the 

improvement in SA supports the decision to use a similar eyepoint control scheme as a 

visual interaction method for this proposed study. 

Researchers Yamauchi and Massey (2008) developed a report documenting the 

development of the Stingray UGV system, an example of a teleoperated unmanned 

vehicle that uses head tracking to control a dynamic visual interaction system.  The 

Stingray UGV employs a head tracker coupled to a camera mounted on a pan, tilt, and 

roll gimbal to facilitate high speed operation (Yamauchi & Massey, 2008).  The use of a 

head tracker in the control of the visual system increases the SA of an operator and 

controllability of the vehicle while operating at higher speeds than conventional UGVs 

(Yamauchi & Massey, 2008).  The basis for this design is FPS video gaming, which can 
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be controlled using joysticks or head tracker technology (Yamauchi & Massey, 2008).  

The increase in SA associated with using a head tracker in the control of a UGV visual 

system supports the selection of a head tracker as a visual interaction method for this 

proposed research study. 

Example researchers employing head tracker controlled view.  Martins and 

Ventura (2009) wrote a report containing the details of a SAR robot that used immersive 

3D teleoperation and an HMD for the 2009 IEEE Conference on Emerging Technologies 

& Factory Automation.  The robot employed an HMD, two cameras, and a head tracker 

to create an immersive sensation to the operator enhancing the effectiveness of the robot 

for SAR operations (Martins & Ventura, 2009).  The research indicated that the SA of an 

operator was improved significantly (Martins & Ventura, 2009).  The observed increase 

in operator SA support the selection of a head tracker as a visual interaction method for 

this proposed research study. 

Brayda et al. (2010) developed a paper containing details of a study regarding the 

effect of visual feedback conditions on the teleoperation of a robot for the 2010 IEEE 

Conference on Robotics Automation and Mechatronics.  The researchers used a head 

tracker to control the pan and tilt movement of a remote camera onboard on an unmanned 

platform (Brayda et al., 2010).  The head tracker provided a method of interaction that 

simulated environmental perception from the robot’s POV (Brayda et al., 2010).  The 

findings of their research indicated that the majority of users gradually lost the center 

point of the observational area and eventually rotated their heads to the right, a condition 

that shall require observation in the proposed testing activities (Brayda et al., 2010).  The 
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ability to establish remote perception POV supports the selection of a head tracker as a 

visual interaction method for this proposed research study. 

Uninterrupted hat/POV switch.  The uninterrupted hat/POV switch represents the 

third dynamic visual interaction technique associated with a movable camera assembly.  

This method relies on the use of the eight directional hat (POV) switch on the top of a 

joystick (Saitek, 2010) for the control of the eyepoint.  The hat or POV switch is 

configurable for use in gaming or simulation (Microsoft, 2006a, 2006b).  The term 

uninterrupted was applied to the naming of the technique to distinguish from the custom 

developed incremental hat/POV switch and reflects the resulting sweeping (i.e., 

uninterrupted) visual change occurring from its use.  This technique was selected as the 

third alternative visual interaction method based on existing use in simulation 

(FlightGear, 2011; Microsoft, 2006a, 2006b). 

The hat (POV) switch is a primary control option for changing or slewing a view 

within popular COTS aircraft simulation applications, Flight Simulator X and FlightGear 

(FlightGear, 2011; Microsoft, 2006a).  The FlightGear and Flight Simulator X 

applications provide the user with the ability to configure an eyepoint view to directly 

correspond to the hat (POV) switch so that the view instantaneously changes to match the 

direction selected on the switch (Basler et al., 2011; Microsoft, 2006b).  This feature 

allows a user to continue to control the pitch and roll of an aircraft using the analog axes 

(X and Y) of a joystick, while simultaneously controlling the eyepoint view.   

Use of the uninterrupted hat/POV switch provides a user with the ability to 

observe peripheral visual data (Lewis et al., 2009), which has been shown to increase in 

SA (Nas, 2008; van Erp et al., 2006).  This method represents simulation methodology 
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being implemented to capture visual information, during simultaneous C2 of an aircraft.  

The widespread use of this feature in COTS simulation and the benefit of allowing 

simultaneous aircraft control support the selection of the uninterrupted hat/POV switch as 

a visual interaction method for the proposed research study. 

Incremental hat/POV switch.  The incremental hat/POV switch represents the 

fourth dynamic visual interaction technique associated with a movable camera assembly.  

This method was developed by the researcher as a means of enabling a higher level of 

precision control of the eyepoint using the eight directional hat (POV) switch in contrast 

to the broad sweeping control provided by the uninterrupted hat/POV switch technique.  

The design of this concept is based upon an interaction control method observed in 

software applications (Control Vision Corp, 2010; DynaNav Systems, 2009; Microsoft, 

2006a) and prior research (Sanders-Reed & Koon, 2010; Yanko et al., 2007). 

Example software uses of incremental hat/POV.  In the DynaFlight application, 

the user has the capability to increment or decrement the position of an onscreen target 

cursor using the up and down hat (POV) switch positions (DynaNav Systems, 2009).  In 

the AnywhereWx application, the user has the capability to change wind and velocity 

values using the left and right hat (POV) switch positions (Control Vision Corp, 2010).  

In the Flight Simulator X application, the user can select a virtual cockpit view, which is 

changeable using the hat (POV) switch to increment the simulated POV up, down, left, or 

right from center (Microsoft, 2006a).  The ability to provide incremental control of the 

eyepoint represents the defining characteristic of this visual interaction method. 

Example unmanned vehicles use of hat/POV switch controlled view.  Yanko et al. 

(2007) developed a report that contains an examination of two human robot interactions 
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for use in SAR activities for the Journal of Field Robotics.  The research used a joystick 

hat (POV) for manipulating the camera view (Yanko et al., 2007).  Use of the hat (POV) 

switch provided the ability to slew the camera position up, down, left, or right (Yanko, 

2007).  This research represents an example of a joystick hat (POV) switch being used in 

control of an unmanned vehicle, further supporting the selection of the incremental 

hat/POV switch as a visual interaction method for this proposed research study. 

Researchers Fabekovi, Eškinja, and Vuki (2007) developed a report containing 

the details of a micro ROV simulator that used a hat (POV) switch to control a camera for 

the 49th International Symposium ELMAR-2007.  The simulation employed a user 

interface that accepted inputs from a joystick hat (POV) switch to move the camera 

between zero and 270 degrees (Fabekovi et al., 2007).  This research represents an 

example of camera manipulation using a joystick hat (POV), supporting the selection of 

the incremental hat/POV switch as a visual interaction method for this proposed research 

study. 

 Sanders-Reed and Koon (2010) developed a report that contained a description of 

a manned and robotic ground vehicle vision system for the SPIE 7692 conference.  This 

system used a joystick hat (POV) switch to manipulate LOS camera azimuth or elevation 

(Sanders-Reed & Koon, 2010).  Sanders-Reed and Coon noted that SA of a surrounding 

environment, gathered from visual information, is essential factor in safe and effective 

operation.  The use of a dynamic camera facilitates capturing additional visual data from 

the environment (Sanders-Reed & Koon, 2010).  This research represents another 

example of a joystick hat (POV) switch being used in control of an unmanned vehicle, 
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further supporting the selection of the incremental hat/POV switch as a visual interaction 

method for this proposed research study. 

Summary  

As the levels of operator SA are observable in their ability to affect the C2 of 

unmanned systems (Kadavasal & Oliver, 2007; U.S. DOD, 2007), they have also shown 

to have a relationship to human factors issues with unmanned aircraft operation 

(Williams, 2006; Calhoun, 2008).  Previous research has shown a relationship not only 

between unmanned aircraft accidents and human factors (Calhoun, 2008; Tvaryanas, 

2006; Williams, 2006), but also between the lack of operator SA and the occurrence of 

accidents or mishaps (Mola, 2008; Nehme et al., 2008).  The development of individual 

unmanned aircraft control designs and MMI, driven by their unique requirements (U.S. 

GAO, 2008) have not included human factors considerations in the design phase 

(Carrigan et al., 2009).   

Not addressing known human factors considerations (Boland, 2008; Jean, 2008; 

Wardell, 2008), SA issues (Mola, 2008; Nehme et al., 2008), or the effect of potential 

concerns, does nothing to prevent the repetition of aircraft accidents associated with 

human error (Calhoun, 2008; Tvaryanas, 2006; Williams, 2006).  Past research that 

focused on effects visual control interfaces on the performance of an operator (de Vries, 

2001; Drury et al., 2006; Kadavasal & Oliver, 2007) contains insight into the affect SA 

has on interaction.  As time proceeds, the research may not remain accurate, given 

advances made towards new interface methods (Hall, 2008), MMI technology (Sterling 

& Perala, 2007), data capture methods (Xie et al., 2007), and analytical concepts 

(Carrigan et al., 2008; Riley et al., 2004).  Relevant and timely research does have the 
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potential for reducing the occurrence of costly mishaps and accidents by (a) adding to the 

existing knowledge base, (b) and potentially improving operator SA, and (c) improving 

control interaction (Barnett & Ross, 2008; Drury & Scott, 2008; English et al., 2008; 

Tvaryanas, 2006).   
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Chapter 3: Research Method  

In this quantitative study, the reduction of operator SA from current unmanned 

aircraft control interfaces (Cooke, 2008; Tvaryanas, 2006; Tvaryanas et al., 2005) shall 

be assessed.  Current operators of unmanned aircraft, such as the U.S. military, have 

begun to identify the need of higher SA and expanded visual capabilities in control 

interfaces (U.S. Air Force, 2009).  Such research might prevent the occurrence of 

additional accidents, mishaps, loss of equipment, or even loss of life (Carrigan et al., 

2008; Lindlaw, 2008; Tvaryanas, 2006; Wardell, 2008; Zuchinno, 2010). 

The purpose of this quantitative completely randomized design (CRD) study is to 

examine the effect that enhancing a single aspect of unmanned aircraft control (visual 

interaction) has on human SA in a setting that generically simulates egocentric viewpoint 

operation.  Implementing cost effective SA multipliers may: (a) increase the SA of 

operators, (b) diminish the potential for human error, and (c) reduce the occurrence of 

unmanned aircraft accidents.  The examination of this thesis shall use simulation, current 

interaction technology, an experimental test, and the quantitative CRD method.  Through 

experimentation, it may be possible to observe the interplay between an independent 

variable (i.e., visual interaction methods) and the dependent variable (i.e., SA of the 

participant) to determine if a relationship exists.  The research may contain indications to 

determine if a standard static eyepoint is a constraint of the human operator by testing 

against interaction methods that use current technology to affect SA.   

The intent of the following research question is to represent a guide for the 

proposed quantitative methods research into the examination of visual control and 
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interaction concepts, techniques, and components to increase the SA of unmanned 

aircraft operators. 

Q1.  To what extent, if any, does the use of a standard visual interaction method 

(static eyepoint) differ from a dynamic visual interaction method (analog joystick, head 

tracker, uninterrupted hat/POV switch, and incremental hat/POV switch) in affecting 

operator SA in an egocentric visual environment? 

The results of the experimental testing may produce the SA performance value for 

each treatment type to address the hypotheses.   

H10.  There is no difference on operator SA between the dynamic visual 

interaction methods (analog joystick, head tracker, uninterrupted hat/POV switch, and 

incremental hat/POV switch) and the static visual interaction method (static eyepoint) in 

an egocentric visual environment. 

H1a.  There is a difference on operator SA between the dynamic visual interaction 

methods (analog joystick, head tracker, uninterrupted hat/POV switch, and incremental 

hat/POV switch) and the static visual interaction method (static eyepoint) in an egocentric 

visual environment. 

This section covers the following aspects of the proposed research: (a) the 

research methods and designs; (b) participants; (c) materials/instruments; (d) operational 

definition of variables; (e) data collection, processing, and analysis; (f) methodological 

assumptions, limitations, and delimitations; and (g) research method summary.  The 

following subsections present information relevant to the design of the proposed research 

with supporting details and references. 
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Research Methods and Designs 

Operational choices made using deficient or inaccurate SA can be presented as an 

example of a human error (Sossong, 2006).  These deficient choices have been associated 

with unmanned vehicle accidents and potentially put the operational hardware and assets 

at risk (Leduc et al., 2005).  Determining methods of increasing operator SA may identify 

a means to reduce the occurrence of this type of human error.   

The purpose of this section is to present and discuss the context and variables 

associated with the envisioned research.  For the purpose of the proposed study, the true 

experimental research model shall be used to determine if there is a relationship of 

significance between the level of SA and the use of a dynamic eyepoint in the visual 

egocentric viewpoint depiction.  The proposed study shall use the true experimental 

research model and the random assignment of a series of treatments to participants to 

observe, record, and analyze the outcomes of experimental testing. 

In this study, the CRD experimental design with a simple one way ANOVA is 

proposed to determine if statistical significance exists between the means associated with 

the use of the identified visual interface treatments.  In a CRD experiment, participants 

shall be subject to random assignment to treatments, or the single independent variable, 

and the effect that each treatment has on the dependent variable shall require observation 

(Western Michigan University, 2001).   

Using ANOVA, the total variance of the scores is divisible into the variance 

between groups and the variance within groups, forming a ratio value usable to identify if 

the variance values differ because of chance or treatment (Gay & Airasian, 2003).  This 

design can expand to accommodate any number of groups, such as in this proposed study, 



104 

 

 

which shall focus on examining the effects of multiple experimental treatments and a 

control treatment on participant SA.  The result of performing experimental research is 

the possibility of creating a global cause effect prediction (Gay & Airasian, 2003).   

The design of the study is broken into four distinct phases, the treatment 

assignment, the experimentation, the analysis, and recommendations development.  The 

results from each of the phases shall successively feed into the subsequent remaining 

phases until the end of the plan is reached.  Figure 8 is a visual depiction of the proposed 

research plan. 

 

Figure 8. Research plan, showing four phases and process flow. 

Treatment assignment.  In this phase the selected participants shall undergo 

sorting and assignment to one of the specific treatments (i.e., static eyepoint, head 

tracker, analog joystick, uninterrupted hat/POV switch, and incremental hat/POV switch).  

Participants shall be randomly assigned to treatments to reduce the risk to internal 

validity of the experimental research (Gay & Airasian, 2003).  Figure 9 is a visual 

depiction of the treatment assignment process. 
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Figure 9. Treatment assignment phase, showing process flow. 

Experimentation.  In this phase, each group of participants shall undergo 

individual experimental testing.  A series of test shall use the visual interaction methods 

and the testing system to determine the effectiveness of experimental techniques.  The 

experimental results shall be tabulated manually after observation.  Once all participants 

have concluded the experimental testing, the process shall proceed to the next phase, 

analysis, in which the results of the tests (SAGAT interval response accuracy values) 

shall be used to determine the mean SA value for each treatment.  Figure 10 is a visual 

depiction of the experimentation process. 

 

 

Figure 10. Experimentation phase, showing process flow. 
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Analysis.  In this phase the results of each treatment and experimental test shall 

undergo analysis.  The calculated SA value for each specific treatment shall be subject to 

a comparison and analysis using an alpha level of .05 and the ANOVA method for each 

specific experimental test.  If the results of the ANOVA analysis indicate that at least one 

treatment is significantly different from the other means, then a multiple comparison 

procedure shall determine which means are significantly different from the other means 

(Black, 1999).   

One such example of a multiple comparison test is the Scheffe test, a post hoc test 

that makes all possible comparisons for a set of means (Black, 1999).  This testing 

method may be useful to investigate the matter further.  The results of the statistical 

testing may be the determination of the existence of statistical significance between the 

sample means of each of the treatments performance values for this type of analysis.  

Figure 11 is a visual depiction of the experiment data analysis process. 

 

Figure 11. Analysis phase, showing process flow. 

Recommendations development.  In this phase a series of recommendations 

regarding the effectiveness of the treatments and the applicable use in a real world or 

future research setting shall be determined.  The results of the data analysis and 
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hypotheses testing may contain the material to develop a series of recommendations 

regarding the implementation of methods to increase SA of unmanned vehicle operators.  

The higher the SA value, the higher the effectiveness of the treatment for a given task.  

Additionally, recommended improvement to the experimental systems and the 

identification of any potential follow on research may be possible, if applicable.  Figure 

12 is a visual depiction of the recommendations development process. 

 

Figure 12. Recommendations development phase, showing process flow. 

Participants 

A minimum sample size of 30 participants per treatment shall be necessary 

(minimum of 150 total participants using five treatments) based upon the 

recommendations of Gay and Airasian (2003) for sample sizing.  To ensure the 

identification of the proper sample size, a power analysis using the GPower.exe 

application, the ANOVA F test option, the Post hoc option, the global hypothesis, an 

effect size (f) of .4, an  of .05, a total sample size of 150, and 5 groups (treatments) was 

performed.  The results indicated, using the selected options and the entered values, a 

power value of .9834, a critical F of 2.4341, and a lambda ( ) of 24.000 (G*Power, 

1998).  To obtain results in which the calculated probability of falsely accepting the null 

hypothesis and the probability of committing a Type I error are both less than 5%, a total 

sample size of 150 would be sufficient. 
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To ensure meeting a value of 30 participants per treatment, a list of all 

participants shall be compiled (minimum of 150 using random sampling) and each 

participant shall be randomly assigned a treatment (visual interaction method) for the use 

in the testing (Black, 1999; Schwartz, 2008).  The selection of additional participants may 

occur based on available time.  The selection of experiment participants shall use several 

qualifying factors:  

1. No previous knowledge of test from the administrator/author. 

2. Ability to see full color spectrum (no colorblind participants). 

3. Ability to use joystick with right hand. 

4. Ability to use joystick hat/POV switch with right thumb. 

5. Ability to move head 45 degrees up/down/left/right from center. 

6. Basic joystick usage/knowledge/experience. 

7. Participant age range between 18 to 34, which is the legal age of an adult 

and the maximum age before an Electrocardiogram is required annually 

for first class flight certification (Williams, 2007b).   

Once the participants have been selected, they shall be required to complete an 

informed consent form (see Appendix A).  The recording of participant identifier, age, 

sex, and assigned treatment shall occur prior to the performance of any experimental 

procedures, for potential use in stratification or categorization of findings.  Contact 

information or any further identifying information shall not be necessary to ensure 

protection of privacy of test participants.  Once all participants have been assigned a 

specific treatment (treatment A through n), they shall proceed to the next phase, 

experimentation.  The test participant candidates shall be selected from populations of 
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university students and engineering professionals local to the central Florida area.  A 

dialog has been underway with multiple departments and faculty with Embry-Riddle 

Aeronautical University (ERAU) and the University of Central Florida (UCF) to discuss 

use of their students in the proposed study.  The expected time required to test each 

participant should be about 15 to 30 minutes and the total data collection period should 

last about 12 weeks. 

Materials/Instruments 

This section contains a description of the instruments, measures, physical 

hardware, and supplemental test components/materials necessary to perform the 

experimental testing associated with the proposed research.  The following is a 

description of each of the subtopics associated with this discussion point. 

Simulated operator station.  The purpose of the simulated operator station is to 

determine the usability and effectiveness of dynamic visual control options identified in 

the research design.  The system design is a representative analog to generic components 

available in current GCS operator terminals supplemented with additional testing 

components that the test administrator can enable or disable on an individual basis.  The 

system hardware consists of: (a) a portable net book PC, (b) a liquid crystal display 

(LCD) display, (c) a standard universal serial bus (USB) joystick, and (d) a head tracker 

input device.  The station has an interface to the participant input capture devices 

(joystick and head tracker) and hosts the visual testing environment, the visual SA testing 

application, and the head tracker/virtual joystick software application.  Further detail 

regarding the hardware design of the system is available in Appendix B.  The following 
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subsections represent each of the major components of the simulated operator station as 

they relate to the proposed research. 

Visual testing environment.  The virtual testing environment is an artificial 

environmental rendering displayed on the simulated operator station LCD PC display and 

generated by the visual SA testing application.  The visual SA testing application shall 

render the visual testing environment.  Figure 13 contains the depiction of the total 

possible movement of the moveable eyepoint within the visible environmental area 

related to the visual display. 

 

Figure 13. Virtual test environment, showing two component areas. 

The visual SA testing application uses a visual component composed of two 

elements:  (a) the visible screen area and (b) the visible environment area.  The visible 

screen area is the area displayed on the screen of the simulated operator station at any 

given moment.  This area is movable throughout the entire visible environment area by 

using pan or tilt commands from one of the dynamic visual interaction techniques 

(treatments).  The second element is the visible environment area, which is an area three 
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times (x 3) the size of visible screen area, in which the visual data (i.e., geometric shapes) 

resides.  This element simulates the total moveable FOV of a camera on an unmanned 

aircraft system, as depicted in Figure 14.   

 

Figure 14. Vertical and horizontal camera FOV, showing visibility and movement. 

Figure 15 is a visual depiction of the total vertical and horizontal camera FOV in 

the visible environment three dimensionally. 

 

 

Figure 15. 3D representation of camera FOV in visible environment. 
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Figure 14 and Figure 15 both contain depictions of the total possible movement of 

the moveable eyepoint within the visible environmental area as related to the simulated 

camera FOV.  Data is displayable in this visible environmental area, but is not visible 

unless the visible screen area overlays the specific location using the pan and tilt 

commands (simulating the movement of a camera in a real world scenario).  A centered 

visible screen area is equivalent to the control group that uses no eyepoint motion.  The 

pan and tilt of the camera is limited for all tests to 45 degrees up, down, left, and right.  

The simulation of a standard camera FOV value of 45 degrees results in a total visible 

environmental area of 135 degrees (vertical and horizontal) for all moveable camera tests. 

Visual testing application.  A custom developed visual testing application has 

been developed and tested to facilitate the performance of the experimental testing.  A 

series of requirements guided the development of the custom developed software: 

1. Depict the visible environmental area. 

2. Depict the visible screen area moving through the visible environmental 

area. 

3. Depict the specific images relating to the testing. 

4. Accept and process the inputs from the experimental treatment controls. 

Appendix E contains a description of the application.  The application contains a 

self test method for validation of the application for testing purposes.  The results of the 

validation testing for the application are available for review in Appendix J.  Figure 16 is 

a visual depiction of the visual SA testing application. 
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Figure 16. Screen capture of visual SA testing application. 

Head tracker/virtual joystick application.  A custom developed head tracker 

application has been developed and tested to facilitate capture of participant head 

movement.  A series of requirements guided the development of the custom developed 

software: 

1. Interface with a Wii remote control device (via bluetooth modem). 

2. Depict the full range of motion in the X axis. 

3. Depict the full range of motion in the Y axis. 

4. Calibrate head tracker (centering). 

5. Interface with the COTS PPJoy application to create a virtual joystick 

recognizable in the Windows->Control Panel->Game Controllers dialog. 

6. Generate outputs to the PPJoy application recognized by external 

programs as a system joystick with an X axis range of -1000 to 1000. 
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7. Generate outputs to the PPJoy application recognized by external 

programs as a system joystick with a Y axis range of -1000 to 1000. 

This application facilitates the use of a head tracker as a treatment method in the 

experimental testing.  Third party COTS head trackers are available but because of 

pricing, the determination was made that interoperability and support would be higher 

with a custom developed hardware and software pairing.  Appendix C contains a 

description of the custom developed application.  The validation of the application for 

testing purposes is available for review in Appendix I.  Figure 17 is a visual depiction of 

the head tracker/virtual joystick application.   

 

Figure 17. Screen capture of head tracker/virtual joystick application. 

SAGAT framework.  Various researchers have historically employed the 

SAGAT framework to determine the SA levels of experimental test participants (Barnett 

& Ross, 2008; Riley et al., 2004).  The experimental design follows the recommended 

format of SAGAT queries, in which a series of questions has been developed and 

randomly assigned to five probe insertions (simulation hold/freeze) points (Endsley, 

1988; Endsley & Connors, 2008).  At these SAGAT query intervals, the test participant 

are prompted to answer several questions that shall assess their level of SA related to that 
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exact moment in the simulation (Endsley, 1988; Endsley & Connors, 2008).  The 

SAGAT requirement for halting at random intervals is a product of the test and occurs 

when the test participant provides the answer to the query to prevent disruption and 

interference with the task (Lintern & Hughes, 2008).  The SAGAT query shall consist of 

the following series of 15 questions (three for each SAGAT query): 

1. How many geometric objects were visible in the environment? 

2. Were there any clouds in the environment? 

3. Is the visible terrain urban or rural (cityscape or farmland)? 

4. Where were the geometric objects in the environment? 

5. Were there more than two geometric objects visible? 

6. Was a geometric object visible in the lower left corner? 

7. Were there any yellow geometric objects? 

8. What type of terrain is visible (mountainous, plains, swamp, or desert)? 

9. Was one of the geometric objects a triangle? 

10. Which geometric object was in the upper right corner? 

11. What geometric shape was the red geometric object? 

12. Which geometric object was closest to the center? 

13. Based on experience with the testing, name a shape that should not be seen 

in this test?  

14. Based on experience with the testing, name a color that should not be seen 

in this test? 

15. Based on experience with the testing, would you expect it to be possible to 

see a blue circle in the lower right corner of the environment?  
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Appendix E contains a recording of randomized assignments (questions and 

geometric objects), an overview of the experimental testing slides design (visible 

environment area), and the rationale associated with the design of the slides.  Appendix G 

contains instructions for performing the experimental testing.  This rationale is the 

reasoning or justification for the selection of specific methods or concepts in the design 

of capture and analysis methods associated with the envisioned research. 

Experimental testing.  The purpose of this section is to present and discuss the 

design rationale associated with the experimental test design.  An experimental test is 

planned that shall use each of the visual interface treatments (the levels of the 

independent variable), a simulated operator station, and custom developed testing 

software to measure the SA of a participant and the effectiveness of the visual interaction 

method.  The purpose of this test is to determine which treatment, if any, has the highest 

SA value for interaction with a remote egocentric visual environment.  Randomly 

selected experimental groups (i.e., participants) shall use a treatment (analog joystick, 

head tracked, uninterrupted hat/POV switch, incremental hat/POV switch, and static 

eyepoint), in combination with the simulated operator station, to interact with a 

simulation that depicts a remote location with dynamic placement of geometric/color 

objects.  The test participant shall interact with the simulation and randomly participate in 

SAGAT queries, proceeding until the test is complete.  The capture, comparison, and 

statistical testing of the performance results of each treatment may determine if they are 

statistically significant from the other treatment results. 

The environment simulation uses a distinct background image, taken by Meyer 

(2010), to create the scenario between SAGAT query intervals.  This image recreates a 
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scene typical in the operation of the multiple types of air vehicle elements discussed in 

the Literature Review, MUAVs, SUAVs, and UAVs.  The decision to use a static 

background image over a dynamic scene engine was to reduce complexity associated 

with the simulation.  The intent of this research as an initial examination of interaction 

capability can be determined using static scene location, whereas future research could 

investigate further using dynamic location.  Figure 18 is an example of the visual 

depiction of the experimental test, with geometric objects randomly placed throughout 

the scene. 

 

 

Figure 18. Depiction of visual SA test screen. 
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Supplemental test components/materials.  To effectively document, error 

check, archive, and tabulate the data several items are required.  A second PC with the 

Microsoft Excel and Word applications is required to perform data entry and recording.  

A series of Microsoft Excel spreadsheet files shall store the results of the individual test 

participants, calculate the statistical data for each participant, calculate the statistical data 

for each treatment, calculate the Scheffe test comparison, and store the Scheffe test 

comparison results.  Appendix H contains a description of the design and use of the 

experiment spreadsheets.   

Operational Definition of Variables 

 The one way ANOVA design is a statistical analysis method that can be used to 

determine if treatments or levels of the single independent variable have a significant 

effect on an interval scaled or ratio scaled dependent variable (Field, 2008).  In an 

experiment that employs more than two treatments, a post hoc test such as the Scheffe 

test can determine the statistical difference between pairings of treatments (Black, 1999).  

If any of the treatments indicate significant difference, then a pairwise comparison using 

the Scheffe test shall be necessary (Black, 1999).  The following subsections contain the 

details of the independent and dependent variables of the study. 

 Independent variable.  An independent variable used in a study, termed the 

visual interface interaction method, is composed of several levels or treatments.  Each 

treatment or level shall require manipulation to determine if a difference in performance 

is observable in comparison to other treatments or levels (Gay & Airasian, 2003).  The 

proposed study shall include several levels of the independent variable or treatments, 

described in the following subsections.   
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Analog joystick control.  The first treatment is the analog joystick control of the 

visual eyepoint (XAnalog Joystick), which focuses on controlling the eyepoint of the visual 

display using the analog X and Y axes of an USB joystick device.  This method is the 

capture and translation of joystick movements (pitch/yaw) into eyepoint (camera) 

movement through the visible environment area.  Figure 19 depicts the movement of the 

analog joystick and the effects the movement has on the visual display. 

 

 

Figure 19. Analog joystick visual interaction method, showing movement and visual 

display effects. 

Head tracker control.  The second treatment is the head tracker control of the 

visual eyepoint (XHead Tracker), which focuses on controlling the eyepoint of the visual 

display using a head tracker device.  The head tracker component shall be used to capture 

a participant's head movements (pitch/yaw) and translate this movement into eyepoint 

(camera) movement through the visible environment area.  Figure 20 depicts the 

movement of the head tracker and the effects the movement has on the visual display. 
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Figure 20. Head tracker visual interaction method, showing movement and visual display 

effects. 

Uninterrupted hat/ POV control.  The third treatment is the uninterrupted 

hat/POV switch control of the visual eyepoint (XUnPOV), which sends the eyepoint to the 

maximum bounds of the visual display using the hat (POV) switch of a joystick.  The 

uninterrupted hat/POV switch interaction method uses software to read the state of the 

switch and sends the eyepoint to the maximum bounds of the camera FOV.  Figure 21 

depicts the mapping of the uninterrupted hat/POV and the effects its use has on the visual 

display. 

 

Figure 21. Uninterrupted hat/POV visual interaction method, showing control mapping 

and visual display effects. 



121 

 

 

Incremental hat/POV control.  The fourth treatment is the incremental hat/POV 

switch control of the visual eyepoint (XIncPOV), which focuses on incrementing or 

decrementing the eyepoint position on the visual display using the hat (POV) switch of a 

joystick device.  The incremental hat/POV switch interaction method uses software to 

read the state of the switch and integrate the commanded value to the previously 

calculated value.  If the user starts from the center position (X, Y axes position value of 

0,0) with an increment value of 50, then applies the up position on the hat/POV switch, 

the eyepoint moves 50 pixel increments upwards every second until either the maximum 

upward position is reached, the user releases the switch, or the switch direction is 

changed.  Figure 22 depicts the mapping of the incremental hat/POV and the effects its 

use has on the visual display. 

 

Figure 22. Incremental hat/POV visual interaction method, showing control mapping and 

visual display effects. 

Static eyepoint.  The final treatment, the control treatment of the study, is no user 

control of the visual eyepoint (XStatic), which focuses on the eyepoint of the visual display 

remaining static, replicating current unmanned aircraft visual interaction functionality.  

For this interaction method, the eyepoint remains fixed and is equal to the FOV of the 

camera system.  For the purposes of the research, a FOV value of 45 degrees is common 
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between all platforms.  Figure 23 is a depiction of the total horizontal and vertical FOV 

ranges for the static eyepoint. 

 

Figure 23. Static eyepoint FOV, showing visibility in horizontal and vertical orientations. 

Relevant controlled variables.  The relevant controlled variables, controlled in 

the research, establish the testing environment for the experimental research.  These 

variables consist of a number of items depicted in the visible display tests:  

1. Number of geometric object depicted between SAGAT queries (GONum). 

2. Color of geometric object depicted between SAGAT queries (GOColor). 

3. Type of geometric object depicted between SAGAT queries (GOType). 

4. Location of geometric object depicted between SAGAT queries 

(GOLocation). 

5. Time interval between SAGAT queries (SAGATTime).  

6. Number of SAGAT queries (SAGATNum). 

Dependent variable.  The dependent variable, referred to as the criterion 

variable, represents the change that occurs because of the independent variable (Gay & 
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Airasian, 2003).  The dependent variable in this study is the SA score associated with the 

use of an interaction method (Y SA).  The SA score represents the difference between the 

actual environment and a test participant’s perception of the simulated environment 

(Endsley, 1988) that occurs while using a specific visual interaction method. The score 

shall be captured using the experimental testing and the SAGAT framework to determine 

the difference between the participant’s perceived environment and the actual 

environment for each visual interaction method.  Figure 24 depicts a visual comparison 

between an actual environment and a perceived environment and the contrast that can 

occur between perception and reality. 

 

Figure 24. SA measurement, showing environment comparison. 

The experimental testing shall use randomized SAGAT query halts and questions 

to capture a test participant’s view of the virtual environment.  The accuracy of 

participant responses shall be determined through comparison to known environmental 

state at each query halt, resulting in a composite SA score (Endsley, 1988).  The 

composite SA score (Participant Y SA) shall range from 0% to 100%, based on the 

accuracy of the responses to the five SAGAT query halt questions.  The composite SA 
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score shall be used to determine the mean SA score for each participant and the mean SA 

score for each interaction method.   

Data Collection, Processing, and Analysis 

The purpose of this section is to describe the collection, processing, and analyses 

of data for the proposed experimental research.  The data collected during 

experimentation shall be processed and used to form the final recommendations of the 

study.  The following describes the measurement, methodological assumptions, 

limitations, delimitations, and the ethical assurance of the proposed research. 

Measurement.  The purpose of this section is to present and discuss the data 

collection method and analyses for the envisioned research of determining the effect of 

dynamic visual interaction capability on unmanned aircraft operators.  There are four 

distinct dynamic visual interaction treatments for the planned experimental testing: (a) 

analog joystick control of visual eyepoint, (b) head tracked control of visual eyepoint, (c) 

uninterrupted Hat/ POV switch control of visual eyepoint, and (d) incremental hat/POV 

switch control.  In addition to the experimental treatments, a control treatment that uses 

no eyepoint control (static) is representative analog of current unmanned aircraft visual 

control systems.   

Experimental testing.  The experimental testing consists of a test that shall use 

the specific visual interaction treatments (analog joystick, head tracker, uninterrupted 

hat/POV switch, incremental hat/POV switch, and static eyepoint) and a simulated 

operator station to produce results necessary to determine the effectiveness of each 

treatment.  The testing shall focus on determining the ability of the participant to obtain 

and maintain SA while interacting with the operating environment to determine the SA 
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performance value measure associated with each visual interaction method (i.e., 

treatment).   

There are four planned stages composing the experimental testing activities: (a) 

simulated operator station setup, (b) pretest method familiarization, (c) experiment test, 

and (d) an after action briefing.  The end results of these activities shall be the collection 

of data for use in the analysis of the results, the testing of the hypotheses, and the 

formation of recommendations.  The following subsections contain a description of each 

of these activities. 

Simulated operator station setup.  The first activity performed shall be the setup 

and configuration of the simulated operator station.  This system contains and depicts the 

generic simulation of the unmanned operator station and virtual environment used in the 

experimental testing.  The test administrator shall be required to connect all components, 

apply power, and confirm operational readiness prior to the start of any experimental 

testing activity.  The test administrator shall start the software application and configure 

the system input according to the type of visual interaction method being tested.  If there 

is an error during startup, or if the application shuts down, the PC must be rebooted and 

the application restarted.  Appendix G contains the steps to perform the setup and 

configuration of the system.   

Pretest controls familiarization.  Once the simulated operator station has been 

setup and configured for a specific visual interaction method, a test participant will be 

provided time to become familiar with the control.  If the participant has been assigned a 

dynamic eyepoint interaction method they shall be provided with a moveable alignment 

pattern that indicates the location and movement range of the control.  When the 
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participant has expressed sufficient understanding of the control or if 5 minutes has 

elapsed the testing activity will begin.  Appendix G contains the steps to perform the 

pretest controls familiarization. 

Experimental test.  The experimental test activity shall be initiated and observed 

by the test administrator as soon as the test participant has indicated their readiness to 

begin or when 5 minutes of pretest controls familiarization has elapsed.  At the start of 

the test the participant shall view the visible environmental area, which shall containing 

varying geometric objects as the test progresses.  If the participant was assigned a 

dynamic visual interaction technique, they shall be able to change the eyepoint and view 

an increased environmental area; otherwise the view shall be locked forward.  

After 99 seconds, the first of five SAGAT query halts will occur.  The test 

administrator shall ask the participant three previously determined questions to capture 

the SA level of the participant, in accordance with the SAGAT process (Endsley, 1988).  

Once the responses to all three questions have been recorded, the test administrator shall 

unfreeze the simulation, which shall contain new geometric objects in the environmental 

area.  This process shall be repeated for each SAGAT query halt until the test 

administrator records the responses to the final halt.  The test shall be run once per test 

participant and shall last 7 minutes and 44 seconds.  Appendix G contains the procedure 

associated with the proposed experimental testing activities. 

At the conclusion of the testing the test participant shall be asked if they want to 

know their results when all the data has been captured and analyzed.  The participant 

shall have the opportunity to signup for email distribution of the results and be provided a 

unique identifier, which shall provide a method to retain anonymity.  During the testing 
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all of the SAGAT responses shall be recorded into an Excel spreadsheet, which shall be 

used in the performance of data analysis and calculation or results.  Appendix H contains 

a description of the design and use of the experiment spreadsheets.   

After action briefing.  Once all of the testing activities have concluded and all of 

the data has been collected, those participants that elected to receive their results shall be 

blind carbon copied (bcc) on an email containing a list of scores.  Each score shall be 

associated with the unique identifier previously provided to each test participant.  This 

information shall not be retained by the test administrator to further protect the 

anonymity of each participant. 

Hypotheses testing.  The SA performance value for each visual interaction 

method shall be used in the testing of the alternative hypothesis and null hypothesis 

previously identified.  To test the hypotheses set, the mean SAGAT query response 

accuracy for each method shall require examination.  The mean SAGAT query response 

accuracy is the SA performance value of a participant using a specific visual interface 

method (experimental treatments).  The calculation and analysis of the SA performance 

value for each treatment type and the experimental test shall use an  level of .05 and the 

ANOVA method.  The use of the ANOVA is justified using the rationale that the method 

has the capability to compare the means of more than two groups (Park, 2009).  If the 

results of the ANOVA analysis indicate that at least one treatment is significantly 

different from the other means, then a multiple comparison procedure such as the Scheffe 

test shall investigate the matter further.  The hypotheses set shall be tested by examining 

the SA performance values associated with each of the visual interaction treatments and 

determining if there is a significant statistical difference between the static visual 
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interaction method (static eyepoint) and the alternative visual interaction methods (analog 

joystick, head tracker, uninterrupted hat/POV switch, and incremental hat/POV switch).  

The results of the test may identify if a dynamic visual interaction method provides an 

observable improvement over the traditional static visual interaction.  The results of the 

experimental test and the respective ANOVA analysis may identify material to make 

specific recommendations regarding further research or possible interface changes. 

Methodological Assumptions, Limitations, and Delimitations 

The purpose of this section is to present and discuss the plans to ensure the 

validity and reliability of the outcomes associated with the envisioned research of 

determining the effect of dynamic visual interaction capability on unmanned aircraft 

operators.  The data gathered from this study shall serve as a principle examination and 

evaluation of human capability to observe and interact with an unmanned aircraft 

environment.  The intent of the study is not to reflect the accurate reproduction of 

attention loading that an operator may be subject too, but instead depict the initial affect 

on basic human capability related to SA. 

Internal validity.  To determine if the experimental treatments have a causal 

relationship with the SA of a participant and sufficient control of extraneous variables, 

the experimental testing activities shall be identical for all participants (Black, 1999).  

The use of identical relevant controlled variables between all the experimental testing 

should create an environment that reduces or eliminates threats to the internal validity of 

the study.  The research design accounts for the potential effect of social interaction 

threats, in which human interactions such as imitation, compensatory rivalry, resentful 

demoralization, or compensatory equalization of treatment can affect the results of the 
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research (NC State University, 2010).  The mitigation of these factors shall occur through 

the administering of the experimentation tests independently for each of the participants. 

The use of a sufficient sample size in the selection of participants, the random 

assignment of participants to treatments, and the control of extraneous variables should 

result in a reduction of risk to internal validity (Gay & Airasian, 2003).  Based upon the 

recommendations of Gay and Airasian (2003), the testing shall use a sample size of 150 

participants, 30 for each treatment group.  Gay and Airasian (2003) also recommend that 

experimental testing should use at least 30 participants for each group, when possible, to 

meet the needs of true experimental research. 

External validity.  To improve the external validity of the research, the use of 

random selection of experimental participants should ensure a representative sample of 

the study population (Schwartz, 2008).  Based on the use of a simulated environment in 

the proposed research, the threats to the external validity associated with ecological 

validity, the performance of the tasks in a real world environment, need addressing (Oie 

& Paul, 2009).  To respond to this issue, the design of the tests has focused on recreating 

the simulated environment (i.e., visible environment area) as accurately as possible, with 

the target of human cognitive capability in mind.   

The design of the experimental tests focuses on testing specific aspects of SA as 

identified by Endsley (1988): (a) perception, (b) comprehension, and (c) projection.  The 

SA values for each participant test shall be independent from one another, reflecting the 

SA of the participant as they interact with the environment using the assigned interaction 

method.  The use of random sampling associated with the timing of SAGAT query halts 

and questions selection in the SAGAT framework ensures the consistency and validity of 
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captured participant SA scores (Endsley, 1988).  The consistency of the scoring between 

test participants shall facilitate the comparison of results between test participants, 

enabling the development of recommendations (Endsley, 1988).  The research should be 

an indicative source of data regarding the capabilities of the individual interfaces (i.e., 

treatments).  Immediate recording of the SAGAT query responses in individual 

spreadsheets should reduce or eliminate the external threats to validity stemming from 

human error associated with the observation of experimental activities.   

Reliability of data.  The experimental testing shall use the same values of the 

controlled variables and the same set of measures for the independent (i.e., interaction 

methods) and dependent variables.  The use of an identical test environment, query halt 

assignment, and random sampling in the SAGAT framework results in consistency and 

statistical validity (Endsley, 1988).  The use of consistent variables and measures shall 

ensure that all recorded research data are cross examinable and have significance when 

compared (Endsley, 1988).  The use of the SAGAT framework in the experimental 

testing ensures the reliability of the data by providing an immediate capture of a 

participant’s mental situation model, a global measure of SA, a direct measurement, 

objective collection, and direct face validity (Endsley, 1988).   

Ethical Assurances 

No known risks associated with collection of the data, performance of the 

experimental testing, and test participant interaction with the experimental testing 

activities exist.  The test participant participation in the proposed research shall be 

voluntary, but require the completion of an informed consent form (see Appendix A) that 

indicates their comprehension of the test environment (i.e., interaction with a computer 
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simulation) and right to privacy.  The recording of participant name, age, sex, and 

assigned treatment shall occur prior to the performance of any experimental procedures, 

for potential use in stratification or categorization of findings.  Contact information or 

any further identifying information shall not be necessary to ensure protection of privacy 

of test participants.  For presentation of results, the test participants name shall be 

assigned a unique numerical identifier (i.e., test participant 1), which shall appear in the 

study manuscript and related presentation.  The maintenance of anonymity of the test 

participants shall be a primary goal in the assignment, capture, and analysis of test 

participant interactions.  The only exception to the privacy of participants, with provided 

consent, shall be informing university personnel of student participation to earn extra 

curricular activity credit.  The details of such arrangements have not been determined and 

shall require further interaction with the universities.  No arrangement shall exist with 

individual test participants until full arrangements are complete with the universities.  

Once an agreement is in place, this document shall require updating to include full 

details. 

At the conclusion of the testing, the test participant shall receive their individual 

SA value and undergo briefing on how their individual scores may determine if the 

specific interaction method they used has a higher SA value than the alternative methods.  

The recorded results of individual test participants shall populate the previously described 

Excel spreadsheets.  It shall be necessary to ensure the information entered is accurate 

and true, no matter the consequence to the proposed study.  The purpose of this study is 

to perform reproducible research that focuses on obtaining a clear and true understanding 

of the interplay between dynamic visual interaction and SA.  Without honesty, the 
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findings shall be inaccurate, not identify true knowledge to the base of existing 

knowledge and threatening future research requiring a foundation.  Institutional Review 

Board (IRB) approval shall be sought prior to the attempted collection of any data (see 

Appendix A). 

Summary 

There has been a measurable increase in unmanned vehicle accidents (Carrigan et 

al., 2008; Levin, 2007; Lindlaw, 2008; Pocock, 2007; Wardell, 2008; Zuchinno, 2010), 

the majority of which have been attributed to human error and interface issues (Nas, 

2008).  As the capabilities of unmanned vehicles have increased, through the inclusion of 

high definition cameras and weapon deployment systems, the ability of an operator to 

sense the surroundings and state of the vehicle has remained the same (Jean, 2008).  This 

scenario, in which unmanned system have an increase in capabilities but the operator’s 

ability to sense the state of the vehicle remains unchanged, has increased the 

responsibility of the operator without the necessity of increasing the SA that would 

enable making informed decisions (Jean, 2008).  Current military aviators believe their 

ability to perform assigned duties are being prevented by the use of such controls and 

outdated technology (Jean, 2008).  Many unmanned vehicle accidents could have been 

foreseen through an analysis of the user interfaces and their associated use (Williams, 

2006) and that human error has been associated with the majority of the accidents (Nas, 

2008). 

Through the performance of a detailed literature review, experimentation, and 

quantitative data collection and analysis, it may be possible to identify techniques, 

methodologies, and concepts to increase the SA of an unmanned aircraft operator.  The 
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identification of this information has the potential for use in decreasing the risks 

associated with unmanned aircraft operation, increasing device capabilities, increasing 

the likelihood of continued use in hazardous situations, and continuing the reduction of 

risk to humans.  The findings from this research could also be useful in establishing a set 

of principles for use in future unmanned vehicle designs or operations.  The development 

of a set of principles could facilitate future designers, researchers, and developers 

understanding of the human factors concerns associated with unmanned vehicle 

operation.  Such a set of principles could also act as a baseline, leading to further 

potential improvements to unmanned control systems. 

Obtaining further understanding regarding the interactions that occur in a MMI 

between a human operator and an unmanned vehicle has the potential for improving 

multiple interfaces that use similar components, concepts, or principles.  Such areas 

affected by this research could include, but are not limited to, automotive controls, 

aircraft/spacecraft controls, entertainment interfaces, and communication interfaces.  The 

possibility exists that improvements made in one area hold the potential to affect others 

along a common tangent of MMI.  The results of this study may identify direction for 

further research regarding human interaction with unmanned aircraft control systems or 

methods to increase the SA of unmanned aircraft operators.  A few examples of such 

research include investigating visual interaction within a dynamic scene, participant 

attention loading, spatial representative (three dimensional) audio cues, use of multiple 

monitors, recreation of three dimensional environment, and use of touch sensitive devices 

as control input methods. 
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Appendices 

Appendix A: 

Institutional Review Board Application 

The following depicts the IRB application and informed consent form. 

IRB Application.  The following is the IRB application that shall require 

submission and approval from NCU before any data collection can take place. 

NORTHCENTRAL UNIVERSITY 
INSTITUTIONAL REVIEW BOARD 

 
Application for use of human PARTICIPANTS in research  
 
The mission of the Northcentral University IRB is to protect the dignity, rights and welfare of human 
participants in research conducted by Learners, faculty mentors, and staff. Research in which data 
are collected through the involvement of human participation may not be conducted in the absence 
of IRB approval. This application should be completed by Learners, faculty mentors, and staff 
planning to conduct any research (including independent research projects and dissertation 
research) involving human participants. This includes any research in which data from human 
participants will be or have been collected. Thus, researchers using secondary data (e.g., survey 
archives or archived records) must complete this application. Your proposed research may not 
proceed unless approved by the IRB. Finally, remember that you must complete the CITI ethics 
education program prior to submitting your application. Your completion certificate must be 
included with this application. 
 
Submission Instructions: IRB applications must be submitted by a faculty, faculty mentor or an 
administrative staff member at Northcentral University. If a Learner will be conducting the proposed 
research, the course mentor or dissertation Chair person must submit the Learner’s application 
after approving the application.. E-mail an electronic copy of the completed IRB application and 
supporting documents to irb@ncu.edu in the following format: 

1. Email subject heading: Last name of Researcher_First initial IRB Application 
2. IRB Application. Note that the IRB application should be saved as: Last name_First 

initial IRB_year. Example for Robert Hernandez submitting an application in 2010 = 
Hernandez_R IRB 2010. Note: For dissertation research, the Learner is the 
Researcher/Principal Investigator. 

3. Attachments: Include all supporting documents as attachments (including: consent/assent 
forms, surveys, CITI completion certificate, and any other relevant materials). 

4. DO NOT SUBMIT YOUR APPLICATION AS A PDF OR ZIP FILE. 
 
Allow at least two weeks and as long as five weeks for the IRB to review your application. Because 
you may be asked to submit a revised application, submit your materials well in advance of the 
time that you plan to begin your research. Please note that for dissertation research, an IRB 
application cannot be reviewed prior to the Proposal receiving University approval.  
 
Do not begin collecting data until you receive the approval notice; doing so can result in 
immediate dismissal from the University. 

 

mailto:irb@ncu.edu
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Principal Investigator: Brent 
Andrew Terwilliger 

Phone: (607)624-
4275 

Email: 
brentterwilliger@yahoo.com 

School:   Business     Education     Psychology 

Principal Investigator is:   Graduate Learner     Faculty/Staff     Undergraduate 
Learner 

Date of completion of CITI ethics education course: 02/02/11 (You must attach CITI 
completion certificate) 

Supervising Faculty Mentor: Dr. James Neiman E-mail: drneiman@my.ncu.edu 

List any other institutions/organizations that are involved in this research (e.g., schools, 
companies, hospitals, etc. where data may be, or in the case of secondary/archival data 
analysis, were collected). Your application should include evidence that the institution has 
reviewed and approved your project. If there are cooperative agreements that you have 
established for the research, provide a copy of the agreements. 
Other institution:       
Other institution:       

Project Title (i.e., Dissertation Title or Title Presented to Participants): 
 Examining Effects of Visual Interaction Methods on Unmanned Aircraft Operator 
Situational Awareness 

Project Period       From:     4/1/2011               To: 3/31/2012 

Type of Research (see attached description of research types):  Exempt   Expedited Review   Full 
Review 
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PROJECT DESCRIPTION 

 

If applicable, describe any external funding for this project: 
       
 
 

Age Range of Participants:  18 to 34 
 
Estimated # of Participants: 150 
 
Participant Characteristics (check all that apply): 
   Adult   Minor   Non-student   College Student   Normal Volunteers     

 In-patients 
   Out-patients   Pregnant women      Prisoners   Mental disability   
Physical disability 
   DSM diagnosis:         Other descriptor:       
 

 

Check any of the following that apply to your 
project: 

 Participants with Disabilities  
Protocol is of a Sensitive or 
Controversial Nature 

 
Children or Minor Participants (under 18 
yrs. Old)  

 
Exposes Participant to Possibility of 
Physical or Mental Injury/Harm 

 
Prisoners, Parolees or Incarcerated 
Participants 

 
Alcohol, Smoking or Drug Related 
Participation 

 
Suicidal Questionnaires and/or 
Evaluations 

 
Involves Attachment of Any 
Apparatus to the Participants 

 Pregnant Participants  Physical Exercise Studies 

 
Fetal, Placental or Surgical Pathology 
Tissue(s) 

 
Involves Collection of Blood Samples 
(fingerpricks/venipuncture) 

 
Involves Deception or Manipulation of 
Participants Behavior or Response 

 Therapist/Client Relationship 

 

  YES NO 

Does Research Involve More than Minimal Risk to Participants? If yes, 
please explain fully in Benefit & Risk section of this application 

  

Minimal risk means that the probability and magnitude of harm or discomfort anticipated in 
the research are not greater in and of themselves than those ordinarily encountered in 
daily life or during the performance of routine physical or psychological examinations or 
tests. [45 CFR 46.102(i)]. See attached description. 
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Please provide complete answers to the following questions as they relate to your use of 
human participants. Avoid the use of jargon, abbreviations or scientific terms, unless those 
items are defined in your procedures. If applicable, you should include copies of any tests, 
surveys or questionnaires along with your completed application. Use Additional Sheets 
for answering, if needed. Do not simply paste text from your proposal. The application 
must clearly and briefly address the questions. 

Purpose & Significance: Explain the purpose of your research. Include any scientific 
need or rationale as well as significance of knowledge. Please limit to no more than 300 
words. 
 
The purpose of the proposed research shall be to determine if dynamic visual interaction 
techniques improve the situational awareness of a user. Improving situational awareness 
reduces the potential for costly unmanned aircraft accidents and mishaps. The limited field 
of vision associated with conventional unmanned aircraft visual systems, introduces an 
effect shown to have adverse ramifications on unmanned aircraft operators, leading to 
expensive accidents and mishaps with the aircraft. By introducing a dynamic eyepoint to 
visual interaction, it may be possible to counteract or eliminate this effect. Through a 
review of available literature, performance of experimental research, and analysis of the 
results, it may be possible to obtain empirical evidence of a relationship between 
situational awareness and dynamic eyepoint control. The proposed quantitative research 
shall use the true experimental research model to determine if a relationship exists. The 
results of the statistical testing shall be the determination of any experimental treatments 
that influence SA differently, which might provide material to make specific 
recommendations regarding further research or possible low-cost interface changes.    

Participant Population & Recruitment: Include the number of participants, gender and 
age(s), Explain rationale for any participant exclusion, Describe how potential participants 
will be identified and recruited, (If applicable, submit copies of recruitment advertisements, 
flyers, newspaper ads, etc., along with completed application.)   
 
150 total test participants shall be necessary, with 30 participants assigned to each of the 
five experimental treatments. Students at universities and engineering professionals, local 
to the central Florida area, shall be asked to participate. When student participation is 
requested, the professor shall have the option to offer extra credit for participation, at their 
own discression. The selection of experiment participants shall use several qualifying 
factors:  
1) No previous knowledge of test from the administrator/author, to reduce the potential for 
bias, inaccurate reporting of capability, or increased advantage. 
2) The ability to see full color spectrum (no colorblind participants), to ensure they are able 
to see all of the simulated images/objects.  
3) Ability to use joystick hat/POV switch with right hand, to use two of the five treatments. 
4) Ability to move head 45 degrees up/down/left/right from center, to use one of the five 
treatments. 
5) Basic joystick usage/knowledge/experience, to use three of the five treatments. 
6) Participant age range between 18 to 34, which is the legal age of an adult and the 
maximum age before an Electrocardiogram is required annually for first class flight 
certification.  
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Research Procedure: Describe the research design and procedure. Be sure to state the 
hypotheses and the research design. Describe exactly what is to be done to the 
participant(s), and what they will be expected to do. This description should include 
instructions given to participants, activities in which participants will be asked to participate 
or engage in, special incentives, and experimental procedures. Be specific. 
 
If an interview, survey or other questionnaire techniques will be employed, include a copy 
of questions, the type of questions that will be asked and a copy of each data-gathering 
instrument. Include a copy of all surveys, paper and pencil tests, standardized 
questionnaires, open-ended question-interview material, etc. Be sure to name and briefly 
describe each questionnaire to be used. If development of these materials is part of the 
project, describe the nature of information to be collected from participants as specifically 
as possible; especially describe any personal and sensitive information to be requested of 
participants. 
 
Specify the total time it will take for a participant to participate and, as applicable, the 
number and duration of sessions for each participant, and the time period over which a 
participant will participate. 
 
The research shall attempt to determine which hypothesis are true: 
 
Null hypothesis: There is no difference on operator SA between the dynamic visual 
interaction methods (analog joystick, head tracker, uninterrupted hat/POV switch, and 
incremental hat/POV switch) and the static visual interaction method (static eyepoint) in an 
egocentric visual environment. 
 
Alternative hypothesis: There is a difference on operator SA between the dynamic visual 
interaction methods (analog joystick, head tracker, uninterrupted hat/POV switch, and 
incremental hat/POV switch) and the static visual interaction method (static eyepoint) in an 
egocentric visual environment. 
 
The examination of these hypotheses shall use simulation, five treatments, an 
experimental test, and the quantitative completely randomized design (CRD) method. By 
observing test participants reactions with a visual simulation and the use of one of five 
assigned interface methods, it may be possible to determine if one specific treatment 
provides higher SA than the others. The research shall attempt to determine if the use of a 
standard visual interaction method (static eyepoint) or a dynamic visual interaction method 
(analog joystick, head tracker, uninterrupted hat/POV switch, and incremental hat/POV 
switch) result in differing operator SA in an egocentric visual environment? 
 
The experiment shall require 150 total participants to be divided into five groups and 
assigned to one of five visual interaction methods (30 per treatment): 
1) Static eyepoint, is a representative analog of standard unmanned aircraft visual 
interaction in which the participant cannot move the eyepoint within the simulation. 
2) Analog joystick, is a new visual interaction method in which the participant shall use 
their right hand and to control an analog joystick to move the eyepoint in a visual 
simulation. 
3) Head tracker, is a new visual interaction method in which the participant shall wear a 
pair of clear glasses that has an attached infrared (IR) light emitting diode (LED), moving 
their head to move the eyepoint in a visual simulation. 
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4) Uninterrupted hat/Point of View (POV) switch, is a new visual interaction method in 
which the participant shall use their right thumb to click a hat/POV switch on a joystick to 
move the eyepoint in a visual simulation in a full sweeping motion.  
5) Incremental hat/Point of View (POV) switch, is a new visual interaction in which the 
participant shall use their right thumb to click a hat/POV switch on a joystick to move the 
eyepoint in a visual simulation in small incremented motion. 
 
Once assigned to a treatment, a test participant shall be seated in front of a large 
computer display and participate in an experimental test requiring them to use the 
assigned treatment to interact with a simulation. The experimental testing shall use the 
situational awareness global assessment technique (SAGAT) to measure participant SA. 
At random times (five total), the simulation shall be paused and the participant shall be 
asked to answer three questions relating to the simulation to determine their awareness. 
Once the participant has answered the questions and the answers have been recorded, 
the test administrator shall un-pause the simulation allowing the participant to continue 
their interaction with the simulation. This process shall be repeated five total times. The 
total time estimated to run the simulation and obtain answers to the questions is between 
15 and 30 minutes per participant.  
The questions for each simulation stop shall consist of the following: 
Simulation stop 1 (after 99 seconds of interaction) 
1) Was a geometric object visible in the lower left corner? 
2) What geometric shape was the red geometric object? 
3) Which geometric object was closest to the center (color/shape)? 
 
Simulation stop 2 (after 101 seconds of interaction) 
1) How many geometric objects were visible in the environment? 
2) Is the visible terrain urban or rural (i.e., cityscape or farmland)? 
3) Were there any yellow geometric objects? 
 
Simulation stop 3 (after 92 seconds of interaction) 
1) Were there more than two geometric objects visible? 
2) Was one of the geometric objects a triangle? 
3) Which geometric object was in the upper right corner? 
 
Simulation stop 4 (after 125 seconds of interaction) 
1) Were there any clouds in the environment? 
2) Where were the geometric objects in the environment? 
3) What type of terrain is visible (i.e., mountainous, plains, swamp, or desert)? 
 
Simulation stop 5 (after 47 seconds of interaction) 
1) Based on experience with the testing, name a shape that should not be seen in this 
test? 
2) Based on experience with the testing, name a color that should not be seen in this test? 
3) Based on experience with the testing, would you expect it to be possible to see a blue 
circle in the lower right corner of the environment? 
 
The total estimated time required to capture data is twelve weeks. 

Benefit & Risk: Have the risks involved been minimized and are they reasonable in 
relation to the anticipated benefits of research?  If more than minimal risk is involved, 
please explain what additional measures shall be taken to ensure participant safety, 
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Explain importance of knowledge that may reasonably be expected regarding risk.  
 
There are no known risks associated with collection of the data, performance of the 
experimental testing, and test participant interaction with the experimental testing 
activities. The test participant participation in the proposed research shall be voluntary, but 
shall require the completion of a form that indicates their understanding of the test 
environment and right to privacy. The recording of participant unique identifier, age, sex, 
and assigned treatment shall occur prior to the performance of any experimental 
procedures, for potential use in stratification or categorization of findings. 

Informed Consent (and Assent): Attach a copy of the consent and/or assent form(s) you 
will use to obtain informed consent from participants, , Describe procedures for obtaining 
informed consent and answer the following: 

a) Who will be obtaining informed consent? 
b) When will subjects be asked to participate and sign the consent form (or given the 

opportunity to agree to consent)?   
c) If applicable, how will minors assent be obtained? Assent is an additional 

requirement whenever minors are asked to participant as research participants 
(i.e., in addition to gaining parental consent, a researcher is required to gain 
“assent” from participants who are under the age of 18 years old.) 

 
No known risks associated with collection of the data, performance of the experimental 
testing, and test participant interaction with the experimental testing activities exist. The 
test participant participation in the proposed research shall be voluntary, but shall require 
the completion of a form that indicates their understanding of the test environment and 
right to privacy. The recording of participant unique identifier, age, sex, and assigned 
treatment shall occur prior to the performance of any experimental procedures, for 
potential use in stratification or categorization of findings. The test administrator 
(researcher), shall request the informed consent form from all test participants, which shall 
be a prerequisite to participation in the experimental testing. Engineering professionals 
and students local to the central Florida area shall be requested to participate in the 
experimental testing. No minors shall be permitted to participate in the testing. 

Anonymity or Confidentiality: Describe how either anonymity or confidentiality of 
participants will be maintained. (Note: if a participant signs a consent form and/or 
identifiers are obtained by researcher, anonymity cannot be promised.) Confidentiality 
should always be promised “to the extent allowed by law.”) For studies involving internet 
surveys, researcher should clarify how email addresses will be disassociated from 
submitted responses in order to maintain confidentiality.  
 
The recording of participant identifier, age, sex, and assigned treatment shall occur prior to 
the performance of any experimental procedures, for potential use in stratification or 
categorization of findings. Individual contact information or any further identifying 
information shall not be necessary in the analysis to ensure protection of privacy of test 
participants. The maintenance of anonymity of the test participants shall be a primary goal 
in the assignment, capture, and analysis of test participant interactions. The only 
exception to the privacy of participants, with provided consent, shall be informing 
university personnel of student participation to earn extra curricular activity credit and 
inclusion on a blind carbon copy (bcc) email of the results that shall correlate to an 
assigne unique identifier.  
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Audio/Video Taping: If audio or video taping of participants is included in your protocol, 
please explain the disposition of the recordings and/or any other pictures or personal 
documentation collected during and after completion of your data collection, You should 
state how long these items will be kept, where stored, and a data destruction date, etc.  
 
N/A 

Compensation: If participants will be compensated for their participation, provide detailed 
information about the amount and the method/terms of payment, If non-monetary 
compensation (e.g., course credit, services) will be offered, explain how it will be provided, 
If no compensation will be provided, please state such. 
 
The details of such arrangements have not yet been determined and shall require further 
interaction with the universities. All extra credit shall follow the university’s individual 
policy. No arrangement shall be made with individual test participants until full 
arrangements have been made with the universities. 

Deception: If the research involves deception or coercion, please describe how and why 
deception or coercion is required. Also provide the explanation or debriefing that will be 
provided to the participants at the end of the experiment, and how the debriefing will occur 
(e.g., in person, written form, telephone). 
 
N/A 

Debriefing: If applicable to your protocol, please explain your method for debriefing 
participants at the end of your data collection. This includes providing information on the 
purpose and/or results of your study. If you do not intend to provide a debriefing, please 
explain. 
 
Once all of the testing activities have concluded and all of the data has been collected, 
those participants that elected to be informed of their results shall be blind carbon copied 
(bcc) on an email containing a list of scores. Each score shall be associated with the 
unique identifier previously provided to each test participant. This information shall not be 
retained by the test administrator to further protect the anonymity of each participant. 

 
By signing below (or typing my name if transmitted electronically), I certify that I 
am knowledgeable and agree to comply with all regulations and policies governing 
research with human participants. I have completed the required CITI ethics tutorial (and 
attached a copy of the certification of completion to this application.) I acknowledge that I 
am responsible for requesting any proposed modifications to this protocol for review and 
approval by the IRB prior to implementation. I further agree to report any adverse events 
immediately to the IRB and to comply with all requests to report on the status of a study 
if so requested. (Faculty mentors hereby also agree to have read and be responsible for 
guidance and assuring ethical standards during collection of data regarding this 
protocol). 
 
Principal Investigator: Brent A. Terwilliger Date: 11 Jan 

2011 
Supervising Faculty Mentor:       Date:       
Co-Investigator (if applicable):       Date:       
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IRB APPLICATION CHECKLIST 

 
NO RESEARCH CAN PROCEED UNTIL YOU HAVE RECEIVED APPROVAL FROM 

BOTH THE IRB AND YOUR DISSERTATION COMMITTEE 
 

Use the following list to confirm that all required steps of the IRB Application process are 
completed. Complete this form by clicking on the boxes and submit a copy along with 
your IRB Application. 

   The researcher using human participants completed an electronic IRB 
Application for IRB review. 

   The IRB Application was submitted to the IRB at Northcentral University. 
Applications for Learners including dissertation research applications must be 
submitted from the mentor. Mailed applications must be signed by the Principal 
Investigator and Faculty Sponsor. Applications submitted by e-mail must 
include the typed name(s) of investigators and mentor. 

   The researcher attached copies of protocol, informed consent forms, and other 
instruments that will be used for research (see example consent forms)  

   The researcher completed the PI Certification process. 
   The researcher included an informed consent form for the parent/guardian for 

minors (under age 18) and will obtain assent from any minor, written in 
language appropriate for the participant’s age. 

   The researcher responded to all items on the form. 
   The researcher identified appropriate data storage.  
   The researcher agreed to send notification via e-mail to the IRB when the 

research project is finished or will reapply annually for an extension. 
 
 
All mail and e-mails should be directed to the current chair of the IRB at irb@ncu.edu or 
via mail to Institutional Review Board at Northcentral University. 

mailto:irb@ncu.edu


155 

 

 

 
Categories of Research  

 
Exempt Research 
 
A researcher may not decide that research is exempt from continuing IRB review. 
Determination is made by the chair of the IRB or a member of the IRB designated as 
reviewer by the IRB chair. 
 

Federal regulations allow six specific categories of human participant research to 
be exempt from continuing IRB review. Although these six categories do 
involve research with human participants, the research does not expose 
participants to psychological, social or physical risks.  

The exempt research categories are (45 CFR 46.101b): 

1. Research conducted in established or commonly accepted educational 
settings, involving normal educational practices, such as (i) research on 
regular and special education instructional strategies, or (ii) research on 
the effectiveness of or the comparison among instructional techniques, 
curricula, or classroom management methods.  

2, Research involving the use of educational tests (cognitive, diagnostic, 
aptitude, achievement), survey procedures, interview procedures or 
observation of public behavior, unless:  

 information obtained is recorded in such a manner that human 
participants can be identified, directly or through identifiers linked 
to the participants; and  

 any disclosure of the human participants' responses outside the 
research could reasonably place the participants at risk of criminal 
or civil liability or be damaging to the participants' financial 
standing, employability, or reputation.  

3. Research involving the use of educational tests (cognitive, diagnostic, 
aptitude, achievement), survey procedures, interview procedures, or 
observation of public behavior that is not exempt under paragraph (b)(2) 
of this section, if:  

 the human participants are elected or appointed public officials or 
candidates for public office; or  

 Federal statute(s) require(s) without exception that the 
confidentiality of the personally identifiable information will be 
maintained throughout the research and thereafter.  

4. Research involving the collection or study of existing data, documents, 
records, pathological specimens, or diagnostic specimens, if these 
sources are publicly available or if the information is recorded by the 
investigator in such a manner that participants cannot be identified, 
directly or through identifiers linked to the participants.  
Note: Exemption 4 applies to retrospective studies of specimens and/or 
data that have already been collected. The materials must be "on the 
shelf" (or in the freezer) at the time the protocol is submitted to the IRB. 



156 

 

 

Research that involves the ongoing collection of the specimens and/or 
data does not meet the criteria for Exemption 4.  

5. Research and demonstration projects which are conducted by or subject to 
the approval of Department or Agency heads, and which are designed to 
study, evaluate, or otherwise examine:  

 Public benefit or service programs;  

 procedures for obtaining benefits or services under those 
programs;  

 possible changes in or alternatives to those programs or 
procedures;  

 or possible changes in methods or levels of payment for benefits 
or services under those programs  

6. Taste and food quality evaluation and consumer acceptance studies,  

 if wholesome foods without additives are consumed or  

 if a food is consumed that contains a food ingredient at or below 
the level and for a use found to be safe, or agricultural chemical or 
environmental contaminant at or below the level found to be safe, 
by the Food and Drug Administration or approved by the 
Environmental Protection Agency or the Food Safety and 
Inspection Service of the U.S. Department of Agriculture.  

NOTE: 

 Research with children is NOT exempt unless it is strictly 
observational. Observational research is only exempt if the researcher 
does not interact with the child or manipulate the child's environment in 
any way.  

 Audio taping and video taping of interviews does NOT qualify for 
exemption.  

 
Expedited Review Research 
 

Federal regulations allow for expedited (i.e., administrative) review of some 
research if it involves no more than minimal risk and it falls within one of the 
specific expedited research categories. "Minimal risk" research is generally 
considered to be activity that has the same risk level as activities 
experienced in daily life or routine medical, dental or psychological 
examinations [45 CFR§46.102(i)], but the IRB has the discretion to require full 
IRB review of any study where risks are not clearly minimal. The expedited 
review procedure may not be used where identification of the participants and/or 
their responses would reasonably place them at risk of criminal or civil liability or 
be damaging to the participant's financial standing, employability, insurability, 
reputation, or be stigmatizing, unless reasonable and appropriate protections will 
be implemented. Some research involving children may qualify for expedited 
review.  

An expedited review procedure consists of a review of research involving human 
participants by the IRB chairperson or by one or more experienced reviewers 
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designated by the chairperson from among members of the IRB in accordance 
with the requirements set forth in 45 CFR 46.110. The IRB Chair or the Chair's 
designee has the authority to decide whether or not the study qualifies for 
expedited review. 

The expedited research categories generally involve the following activity (45 
CFR 46.110 and 21 CFR 56.110):  

(A) Research activities that (1) present no more than minimal risk to 
human participants, and (2) involve only procedures listed in one or more 
of the following categories, may be reviewed by the IRB through the 
expedited review procedure authorized by 45 CFR 46.110 and 21 CFR 
56.110. The activities listed should not be deemed to be of minimal risk 
simply because they are included on this list. Inclusion on this list merely 
means that the activity is eligible for review through the expedited review 
procedure when the specific circumstances of the proposed research 
involve no more than minimal risk to human participants.  

(B) The categories in this list apply regardless of the age of participants, 
except as noted.  

(C) The expedited review procedure may not be used where identification 
of the participants and/or their responses would reasonably place them at 
risk of criminal or civil liability or be damaging to the participants financial 
standing, employability, insurability, reputation, or be stigmatizing, unless 
reasonable and appropriate protections will be implemented so that risks 
related to invasion of privacy and breach of confidentiality are no greater 
than minimal.  

(D) The expedited review procedure may not be used for classified 
research involving human participants.  

(E) IRBs are reminded that the standard requirements for informed 
consent (or its waiver, alteration, or exception) apply regardless of the 
type of review--expedited or convened--utilized by the IRB.  

(F) Types of expedited review research: 

1. Collection of hair and nail clippings, in a non-disfiguring manner, deciduous 
teeth, and permanent teeth if patient care indicates a need for extraction. 

2. Collection of excreta and external secretions including sweat, 
uncannulated saliva, placenta removed at delivery, and amniotic fluid at 
the time of rupture of the membrane prior to or during labor. 

3. Recording of data from participants 18 years of age or older using non-
invasive procedures routinely employed in clinical practice. This includes 
the use of physical sensors that are applied either to the surface of the 
body or at a distance and do not involve input of matter or significant 
amounts of energy into the participant or an invasion of the participant's 
privacy. It also includes such procedures as weighing, testing sensory 
acuity, electrocardiography, electroencephalography, thermography, 
detection of naturally occurring radioactivity, diagnostic echography, and 
electroretinography. It does not include exposure to electromagnetic 
radiation outside the visible range (e.g., X-rays and microwaves). 
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4. Collection of blood samples by venipuncture, in amounts not exceeding 
450 milliliters in an 8-week period and no more than two times a week, 
from participants 18 years of age or older and who are not pregnant. 

5. Collection of both supra- and subgingival dental plaque and calculus 
provided the procedure is not more invasive than routine prophylactic 
scaling of the teeth and the process is accomplished in accordance with 
accepted prophylactic techniques. 

6. Voice recordings made for research purposes such as investigation of 
speech defects. 

7. Moderate exercise by health volunteers. 

8. The study of existing data, documents, records, pathological specimens, or 
diagnostic specimens (e.g., where identifiers could link data to particular 
participants). 

9. Research on individual or group behavior or characteristics of individuals 
such as studies of perception, cognition, game theory, or test 
development, where the investigator does not manipulate participants' 
behavior and the research will not involve stress to participants. 

10. Research on drugs or devices for which an investigational new drug 
exemption or an investigational device exemption is not required.  

  

Full IRB Review 

Research that exposes participants to risks that are greater than the kind of risks 
normally experienced in daily life or in routine medical, dental, or psychological 
examinations must be reviewed by the full IRB at a properly convened meeting. 
At such a meeting, the IRB will review the protocol and consent documents for 
compliance with federal regulations. The IRB will also assess whether the study's 
purpose and procedures are ethically appropriate. Normally, the submission of a 
research protocol requiring full IRB review will necessitate calling a special 
meeting of the board. This may take up to four weeks. Investigators will be 
notified of the IRB decision in writing approximately one to two weeks after the 
IRB meeting.  

Protocols that were originally approved by the full IRB must also be submitted to 
the IRB for continuing review. Protocols requiring continuing review by the full 
IRB must be submitted 8 weeks before the lapse date.  
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 Informed Consent Form. The following is the informed consent form that shall 

accompany the proposed research, requiring completion by each potential test candidate 

prior to selection as a participant. 

Informed Consent Form 

Examining Effects of Visual Interaction Methods on Unmanned Aircraft Operator 
Situational Awareness 

Purpose. You are invited to participate in a research study being conducted for a dissertation at 
Northcentral University in Prescott, Arizona. The purpose of this study is to determine whether 
dynamic visual interaction techniques improve the situational awareness (SA) of a user. It 
focuses on the observing the responses of individuals (i.e., test participants) by examining 
perception, comprehension, projection, and resulting cognition. There is no deception in this 
study.  

Participation requirements. You will be asked to interact with a simulation using one of five visual 
interaction techniques. The session will last approximately 15 to 30 minutes. 

Research Personnel. The following people are involved in this research project and may be 
contacted at any time: Brent A. Terwilliger, brentterwilliger@yahoo.com, (607)624-4275. 

Eligibility requirements. There are several qualifying factors that potential test participants must 
meet in order to be considered for the experimental testing activity: 

a) no previous knowledge of test from the administrator/author 

b) ability to see full color spectrum (no colorblind participants) 

c) ability to use joystick with right hand 

d) ability to use joystick hat/POV switch with right thumb 

e) ability to move head 22.5 degrees up, down, left, and right from center 

f) basic joystick usage/knowledge/experience 

g) participant age range between 18 to 34 

Potential Risk/ Discomfort. There are no known risks associated with collection of the data, 
performance of the experimental testing, and test participant interaction with the experimental 
testing activities. This test will require you to interact with a visual simulation using one of the 
following techniques:  

h) no movement of virtual eyepoint (static) 

i) using right hand to move analog joystick for control of virtual eyepoint 

j) wearing a head tracker device and moving head to control virtual eyepoint 

k) using right thumb to move hat/POV switch on joystick for sweeping control of virtual 
eyepoint 

l) using right thumb to move hat/POV switch on joystick for incremental control of 
virtual eyepoint 

However, you may withdraw at any time and you may choose not to answer any question that 
you feel uncomfortable in answering. 

Potential Benefit. There may be a direct benefit to you of extra credit, for participating in this 
research, at the digression of your individual professor. The results will have scientific interest 
that may eventually have benefits for future operators and developers of unmanned aircraft visual 
controls.  

mailto:brentterwilliger@yahoo.com
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Anonymity/ Confidentiality. The data collected in this study are confidential. All data are coded 
such that your name is not associated with them. In addition, the coded data are made available 
only to the researchers associated with this project. The maintenance of anonymity of the test 
participants will be a primary goal in the assignment, capture, and analysis of test participant 
interactions. The only exception to the privacy of participants, with provided consent, will be 
informing university personnel of student participation in order to earn extra curricular activity 
credit. 

Do you wish your personal information (name, colleague/school identification number, 
date of participation, duration of participation, and course to apply extra credit towards) to 
be recorded and retained until submission to applicable professor or school 
representative? 

Indicate your choice using your initials: Yes________________  No________________ 

If yes, please provide the following: 

  

Colleague/school ID: _____________________ Course ID: _________________ 

 

Professor/School Representative:_____________________________________  

 

Right to Withdraw. You have the right to withdraw from the study at any time without penalty. You 
may omit questions on any questionnaires if you do not want to answer them.  

We would be happy to answer any question that may arise about the study. Please direct your 
questions or comments to: Brent A. Terwilliger, brentterwilliger@yahoo.com, (607)624-4275. 

Signatures 

I have read the above description of the Examining Effects of Visual Interaction Methods on 
Unmanned Aircraft Operator Situational Awareness study and understand the conditions of my 
participation. My signature indicates that I agree to participate in the experiment. 

Participant's Name :_____________________________________________________________ 

 

Participant's Signature: __________________________________________________________   

 

Date: ________________________________________________________________________ 

 

Researcher's Name: Brent A. Terwilliger 

 

Researcher's Signature:_________________________________________________________   

 

Date: ________________________________________________________________________ 

 

mailto:brentterwilliger@yahoo.com
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Appendix B: 

Simulated Operator Station Design 

The simulated operator station is a custom developed system for experimental 

testing to capture the SA of each participant.  The appearance and function of this system 

approximates the look, feel, and interaction of a generic GCS.  The following subsections 

contain overviews of the simulated operator station designs and descriptions of applicable 

subcomponents. 

Hardware Overview.The simulated operator station hardware is composed of 

several components that facilitate test participant use of the experimental visual 

interaction methods (i.e., static eyepoint, analog joystick, head tracker, uninterrupted 

hat/POV switch, and incremental hat/POV switch).  The estimated cost of the system 

hardware is $875.  Figure B1 is a visual depiction of the hardware design. 

 

Figure B1. Simulated operator station hardware design overview. 

Test PC.  This component is the computational platform for the interpretation of 

control inputs, processing of the visual test environment, capture of test participants 

interactions, and operation of applications necessary for the experimental testing 
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activities. The test PC runs using the Microsoft Windows XP operating system (OS), is 

capable of running the .Net framework (3.0 or higher), provides VGA output, and has at 

least two USB ports for input/out (I/O) (USB bluetooth modem and USB joystick).  The 

estimated cost of this component is $275. 

LCD test display. This component is the display platform for the depiction of the 

virtual test environment and applications necessary for the experimental testing activities.  

The estimated cost of the LCD test display is $500.   

USB joystick overview.  This component is the control device used for interaction 

with the test PC for three of the treatments (analog joystick, uninterrupted hat/POV 

switch, and incremental hat/POV switch).  The estimated cost of the USB joystick is $25.  

The following describes the analog X and Y axes and hat/POV switch mapping of the 

USB joystick.   

 Analog joystick mapping.  The USB joystick analog X and Y axes manipulation 

occurs by moving the upright joystick component left, right, forward, or backwards.  

When configured with the test software, the analog joystick provides input to move the 

simulated eyepoint.  The following is the mapping of the interaction methods for the 

analog joystick: 

1. Forward, moves the simulated eyepoint between 0 to 45 degrees below 

center screen.   

2. Forward and right, moves the simulated eyepoint between 0 to 45 degrees 

below and 0 to 45 degrees to the right of center screen.   

3. Right, moves the simulated eyepoint between 0 to 45 degrees to the right 

of center screen.  
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4. Right and back, moves the simulated eyepoint between 0 to 45 degrees 

above and 0 to 45 degrees to the right of center screen.   

5. Back, moves the simulated eyepoint between 0 to 45 degrees above the 

right of center screen.   

6. Back and left, moves the simulated eyepoint between 0 to 45 degrees 

above and 0 to 45 degrees to the left of center screen.   

7. Left, moves the simulated eyepoint between 0 to 45 degrees to the left of 

center screen.   

8. Left and forward, moves the simulated eyepoint between 0 to 45 degrees 

below and 0 to 45 degrees to the left of center screen.    

Figure B3 is a visual depiction of the joystick analog X and Y axes movement.   

 

Figure B2. Joystick analog X and Y axes movement.   

Joystick hat/POV switch mapping. The joystick hat/POV switch is located on the 

top of a typical HOTAS joystick (Saitek, 2010).  This control moves the eyepoint without 

requiring a user to remove their hands from the flight control.  The following is the 

control mapping for the two interaction methods (uninterrupted hat/POV switch and 

incremental hat/POV switch) that use the hat/POV switch: 
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1. Up, 45 degrees above center screen.   

2. Up/right, 45 degrees above center and 45 degrees right of center screen.   

3. Right, 45 degrees right of center screen.   

4. Right/down, 45 degrees right of center and 45 degrees below center 

screen.   

5. Down, 45 degrees below center screen.   

6. Down/left, 45 degrees below center and 45 degrees left of center screen.   

7. Left, 45 degrees left of center screen.   

8. Left/up, 45 degrees left of center and 45 degrees above center screen.   

Figure B3 is a visual depiction of the hat/POV switch mapping.   

 

Figure B3. Joystick hat/POV switch mapping.   

Head tracker overview.  The head tracker captures head movements (pitch/yaw) 

for software translation into eyepoint (camera) movement through the visible 

environment area.  This component is composed of the bluetooth adapter, the Wii remote 

sensor, and the IR LED/safety glasses mount. It uses the custom developed head 

tracker/virtual joystick application for capture, processing, and output of positional data 
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as a system joystick (virtual joystick).  The estimated cost of this component is $75.  

Figure B4 depicts the mapping of the head tracker movement.   

 

 

Figure B4. Head tracker movement.   

The following describes each of the subcomponent assemblies that comprise the head 

tracker component.   

Bluetooth adapter.  This component is the bluetooth radio modem used for 

interaction between the head tracker component and the test PC.   

Wii remote sensor.  This component is a third party hardware component that 

captures the location and movement of the IR LED and reports the values to the head 

tracker/virtual joystick application through the USB bluetooth modem, the Toshiba 

bluetooth stack application, and the Wiimote library (used in the head tracker/virtual 

joystick application development).   
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IR LED/safety glasses mount.  This component outputs infra red IR light using a 

light emitting diode (LED) mounted onto clear safety glasses to identify the location and 

movement of the head through the visible FOV.   

Software overview.  The simulated operator station software is composed of 

several components that facilitate test participant use of the experimental visual 

interaction methods (i.e., static eyepoint, analog joystick, head tracker, uninterrupted 

hat/POV switch, and incremental hat/POV switch).  Figure B5 is a visual depiction of the 

software architectural design.   

Simulated Operator Station PC

Virtual SA Test Application Virtual 

Joystick/ 

Head Tracker 

Application

Program 

Processing

USB Joystick/ 

Gamepad Devices

Wii Remote

.Net Framework

PPJoy

(Joystick Emulation)

Toshiba Bluetooth

Modem Stack

Wiimote

Libary

DirectX 

9.0c Libary

DirectX 

9.0c Libary

Diagram Key

Library/API

Application CSU

COTS Application

PPJoy API

GUI

Main Process Main Process

Program 

Processing

GUI

C# Application

Framework

Interface Hardware

PC Platform

Data direction

 

Figure B5. Simulated operator station software architectural design overview.   

Visual SA test application.  This custom developed module captures and 

processes user inputs for the control of the visual eyepoint, display of geometric objects, 

and movement of the visible screen area within the visible environment area.  The 

detailed design of this component is available in Appendix E.   
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Head tracker/virtual joystick application.  This custom developed application 

captures and processes inputs from the head tracker.  The detailed design of this 

component is available in Appendix C.   

COTS components.  These components represent software applications or tools 

that have additional capability not found in the custom developed experimental 

components.  These items were chosen because the capabilities they have would be either 

too time consuming or impractical to produce independently.  Two COTS components 

are necessary for operation of the system, the Toshiba bluetooth model stack application 

and the PPJoy application.   

Toshiba bluetooth modem stack.  This application establishes and maintains 

communication between a bluetooth modem and bluetooth compatible devices (Toshiba 

Bluetooth Stack Version v5.10.08, 2007).  It shall be used to interface with test PC with 

the head tracker.   

PPJoy.  This application creates a virtual joystick for use with the software 

application through the receipt of input from an application built using the PPJoy 

API/library (PPJoy, 2003).  It shall be used to interface the head tracker/virtual joystick 

application with the visual SA test application on the test PC. 
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Appendix C: 

Head Tracker/Virtual Joystick Application Design 

This custom developed application captures and processes inputs from the head 

tracker.  This software converts the head tracker input values and converts them to values 

that correlate to the analog X and Y axes of a joystick.  The converted values are then 

packaged and output as a virtual joystick, recognizable for use by external programs.  To 

simulate a virtual joystick, this component interfaces to the PPJoy application, which has 

developmental virtual COM joystick interfacing capability.  The head tracker/virtual 

joystick application is an interface between the head tracker and the visual SA testing 

application.  This component also features several capabilities not applicable to the 

experimental testing: (a) ability to display a heads up display (HUD), (b) an interface for 

manual control, and (c) an interface for a hat/POV Switch.  Two computer software 

configuration items (CSCI)s comprise the application: (a) head tracker/virtual joystick 

application and support libraries.   

Head tracker/virtual joystick application CSCI.  Three computer software 

units (CSU)s comprise the CSCI: (a) main process, (b) GUI, and (c) program processing.  

Figure C1  is a visual depiction of the head tracker/virtual joystick application CSCI class 

structure.   

 

Figure C1. Head tracker/virtual joystick application CSCI class structure.   
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Main process.  This software component is the main process by which all other 

components attach to operate properly.  When this process ends all other components 

close/terminate.   

Graphical user interface (GUI).  This software component visually depicts the 

head tracker controls for entering of command and configuration information.  This CSU 

accepts user inputs via button clicks and control manipulations.   

Program Processing.  This software component captures the state of the IR 

camera and the location of an IR LED and converts the location into X and Y axes of a 

virtual joystick.  This module also performs the processing associated with the display of 

the HUD component (not used in testing).   

Support libraries CSCI.  Three computer software units (CSU)s comprise the 

CSCI: (a) Wiimote library (WiimoteLib - .NET Managed Library for the Nintendo Wii 

Remote, 2008), (b) DirectX 9.0c (DirectX 9.0c Redistributable for Software Developers – 

Multilingual, 2005), and (c) PPJoy (2003) support library.  Figure C2 contains a visual 

depiction of the support libraries CSCI class structure.   

 

Figure C2. Head tracker/virtual joystick application support libraries CSCI class 

structure.   

Wiimote library.  This CSU is a software library developed in C# that contains 

methods and functions to read inputs and set outputs of a Nintendo Wii remote control 

device (WiimoteLib - .NET Managed Library for the Nintendo Wii Remote, 2008).  The 
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incorporation of this library facilitates reading the Wii remote device as a head tracker 

assembly.   

DirectX 9.0c.  This CSU is a software library/application programming interface 

(API) that works as a runtime component of the application for USB joystick/gamepad 

device interaction and control (DirectX 9.0c Redistributable for Software Developers – 

Multilingual, 2005).   

PPJoy support library.  This CSU interfaces the application with the PPJoy 

(2003) application for the creation of a virtual joystick on an open COM port of the PC.   
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Appendix D: 

Head Tracker/Virtual Joystick Application Instructions 

The following subsections contain an overview of the controls of the application, 

instructions for starting the application, and instructions for configuring the head tracker 

for operation.   

Overview of controls.  The controls for the head tracker/virtual joystick 

application contain setup values necessary for performing experimental testing.  Figure 

D1 is a visual depiction of the application GUI.   

 

Figure D1. Head tracker/virtual joystick application controls overview.   

Not all of the controls contained in the GUI are necessary for the experimental 

testing.  Additional controls were necessary for debugging and component evaluation in 

the application development process.  The following describes only those controls 

required for the performance of the experimental testing: 

 Joystick depiction area (1).  This component depicts a visual representation of the 

virtual joystick movement in the X and Y axes.  The X and Y axes values are depicted by 

a yellow circular cursor, whereas the center value (0,0) is represented by a red circular 

cursor.   
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Head tracker radio button (2).  This control activates the controls associated with 

the operation of the head tracker Wii remote device.  When a Wii remote device 

connection occurs with system, this control becomes selectable. Otherwise, the reporting 

status of the device is disabled.   

Wiimote selection combo box (3).  The system populates this control with each 

Wii remote connected to the system and produces an identifier for the specific Wii 

remote to use for head tracking.   

Calibrate head tracker button (4).  This button calibrates the head tracker Wii 

remote value to center when the device is centered in the field of motion.   

Recenter button(4).  This control centers the virtual joystick X and Y axes values.   

Starting the application.  The following steps are instructions for setting up all 

necessary components and prerequisites for the proper operation of the head tracker 

device: 

1. Connect USB bluetooth modem to the simulated operator station PC.   

2. Turn on the simulated operator station PC.   

3. Once the simulated operator station PC is operational with Windows OS 

running, open the Toshiba bluetooth stack application.   

4. Power on the Wii remote.   

5. Using the Toshiba bluetooth stack application connect the Wii remote 

component to the system.   

6. Ensure the installation and configuration of PPJoy as a “Virtual Joystick” 

in Windows->Control Panel->Game Controllers.   

7. Ensure power is connected to the head tracker IR LED.   
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8. Open the head tracker/virtual joystick application.   

Configuring the head tracker for operation.  The following steps contain the 

instructions for configuring the head tracker as a virtual joystick recognizable by any 

software application that uses USB or serial port joysticks: 

1. On the head tracker/virtual joystick application, click the “Head Tracker” 

radio button and confirm the presence of the Wii remote device.   

2. Place the head tracker on the head of the validation tester, looking forward 

and click the “Calibrate Head Tracker” button on the head tracker/virtual 

joystick application.   

3. Verify the head tracker/virtual joystick application registers head 

movement in the joystick depiction area.   
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Appendix E: 

Visual SA Testing Application Design 

This custom developed module captures and processes user inputs for the control 

of the visual eyepoint, display of the egocentric visual environment, dynamic depiction of 

geometric objects, and movement of the visible screen area within the visible 

environment area.  The inputs include the head tracker and joystick.  The program 

accepts remote trigger functions for the recording of the time required for a participant to 

answer a query (triggered by observer) and a program generated output file that identifies 

the start/end/iteration times, type of test, participant, and type of control used for the test.   

Visual SA test application CSCI.  Three computer software units (CSU)s 

comprise the CSCI: (a) main process, (b) GUI, and (c) program processing.  Figure E1 is 

a visual depiction of the application class structure.   

 

Figure E1. Visual SA test application class diagram.   

Main process.  This CSU is the main process by which all other components 

attach to operate properly.  When this process ends all other components close/terminate.   

Graphical user interface (GUI).  This CSU visually depicts the head tracker 

controls for entering of command and configuration information.  This CSU accepts user 

inputs via button clicks and control manipulations.   

Program Processing.  This CSU captures the state of a joystick device (head 

tracker or USB joystick) and determines the control of the eyepoint for the testing 
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application.  This software component displays the user identified test and processes the 

placement of the visible screen area within the visible environment area.   

Support library CSCI.  This library interfaces with control devices necessary for 

interaction.  One CSU comprises the CSCI, DirectX 9.0c (DirectX 9.0c Redistributable 

for Software Developers – Multilingual, 2005).  Figure E2 is a visual depiction of the 

support library CSCI class structure.   

 

Figure E2. Visual SA test application support library CSCI class structure.   

DirectX 9.0c.  This CSU is a software library/application programming interface 

(API) that works as a runtime component of the application for USB joystick/gamepad 

device interaction and control (DirectX 9.0c Redistributable for Software Developers – 

Multilingual, 2005).   
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Appendix F: 

Visual SA Test Application Instructions 

The following subsections contain an overview of the controls of the application, 

instructions for starting the application, and instructions for performing each of the 

treatment testing activities.   

Overview of controls.  Two primary components to the visual SA test application 

controls exist, the controls/settings window and the interaction controls.  Figure F1 is a 

visual depiction of both control components.   

 

Figure F1. Visual SA test application controls overview.   

The following subsections contain the details for each respective control group.   
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Visual SA test application controls/settings window.  This dialog appears on 

screen before a test is run, disappearing when a test initiates.  This control contains setup 

values necessary for performing experimental testing.  Figure F2  is a visual depiction of 

the controls/settings window.   

 

Figure F2. Visual SA test application controls/settings window overview.   

Not all of the controls contained in the controls/settings window are necessary for 

the experimental testing.  Additional controls were necessary for debugging and 

component evaluation in the application development process.  The following describes 

only those controls required for the performance of the experimental testing: 

Input devices combo box (1).  This control contains a list of all system joysticks 

recognized by Windows->Control Panel->Game Controllers.  The software uses this 

value to determine which control to use for test interaction (i.e., treatment control of 

eyepoint).   

Type of input device combo box (2).   This control contains a list of all treatments.  

The software uses this value to identify the treatment type to log and the method of 

interaction to recognize for interaction (i.e., read hat/POV switch, read analog X and Y 

axes, do not read any input).   
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Test to run combo box (3).  This control contains a list of all the tests or calibration 

slides.  The software uses this value to determine which test to perform or which slide to 

display in the visible environment area.   

Visual SA test application test interaction controls.  The controls in this area 

facilitate operational control during the performance of testing and are always visible on 

screen through the test performance.  Figure F3 is a visual depiction of the interaction 

controls.   

 

Figure F3. Visual SA test application interaction controls overview.   

The following describes the interaction controls: 

Continue button (1).  This button transitions from a SAGAT Query page back to 

the simulation with new geometric objects placed randomly in the visible environment 

area.   

Start test/pause test button (2).  This two state button initializes (Start), pauses 

(Pause), or restarts (Start) a test.   

Stop test button (3).  This button stops the test.   

Hide/Display button (4).  This two state button hides or displays the 

controls/settings window.   

Exit button (5).  This button exits the application.   
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Location overview (6).  This display is a frame of reference for the test participant 

and test administrator by depicting an indication of where the visual eyepoint (visible 

screen area) is looking in the visible environment area.  A dynamic blue rectangle overlay 

is representative of the visible screen area (area depicted on the monitor), whereas the 

remainder of the display depicts the visible environment area.   

Design of experimental testing slides (visible environment area).  The visual 

SA test application uses a series of slides to create the visible environment area and the 

visible screen area depicted on the simulated operator station display.  The following are 

descriptions of the two slide groupings used in the experimental testing, the SAGAT test 

slides and the Alignment test slides.   

SAGAT test slides.  The design of these slides incorporates a common simulated 

egocentric visual environment coupled with randomly selected and located dynamic 

visual objects of varying geometric shape and colors throughout the visible 

environmental area to present the test participant with a scenario to measure SA.  12 

different slides associated with the SAGAT test activities exist:  

1. One slide indicates the purpose of the test (“Prepare to Begin 

Experimental Test”).   

2. Five slides depict the visible environment area with a background image 

that depicts a real world environment overlaid with randomly selected and 

located dynamic visual objects of varying geometric shape and colors.   

3. Five slides represent the probe insertion point, or SAGAT query, which 

blanks out the screen.   
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4. One slide contains an identifier that the test has been paused (“Test 

Paused”).   

5. One slide contains an identifier that the test participant has reached the 

conclusion of the test (“End of Test”).   

The slides containing the geometric/color objects used randomization for the 

determination of the type, number, placement, and colorization of geometric objects.  An 

online random number generator (GraphPad Software, 2005), determined each of these 

characteristics.  The first randomized selection was of the number of shapes to include for 

each SAGAT query interval, from a minimum of one to a maximum of three (triangles, 

quadrilaterals, and circles).  Table F1 Randomized Selection of Shape Types per SAGAT 

Query Interval depicts the random number assignment used to determine the number of 

shape types to include before each SAGAT query, from one to three.   

Table F1  

Randomized Selection of Shape Types per SAGAT Query Interval  

SAGAT Query Random Number of Geometric Object Types 

1 1 

2 3 

3 1 

4 3 

5 2 

 

If a number less than three shapes was assigned for a SAGAT Query, then a 

determination was required to identify what shape types would be presented to the user in 

the environment.  Each shape type was assigned a value (1=triangle, 2=quadrilateral, and 

3=circle) and randomly selected for each previously identified shape type.  Table F2 

depicts the random number assignment used to determine which shape to assign to each 
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previously identified number of shapes per interval, when a value less than three 

occurred.   

Table F2  

Randomized Selection of Types of Shapes Per SAGAT Query Period  

Object 

Random Identification of Geometric Object Types 

(1=triangle, 2=quadrilateral, 3=circle) 

SAGAT Query 1 Shape 1 1 (triangle) 

SAGAT Query 2 Shape 1 N/A (all 3 shapes types included) 

SAGAT Query 2 Shape 2 N/A (all 3 shapes types included) 

SAGAT Query 2 Shape 3 N/A (all 3 shapes types included) 

SAGAT Query 3 Shape 1 3 (circle) 

SAGAT Query 4 Shape 1 N/A (all 3 shapes types included) 

SAGAT Query 4 Shape 2 N/A (all 3 shapes types included) 

SAGAT Query 4 Shape 3 N/A (all 3 shapes types included) 

SAGAT Query 5 Shape 1 3 (circle) 

SAGAT Query 5 Shape 2 2 (quadrilateral) 

 

The next item to assign was the number of shapes to for each previously selected 

shape type associated with the SAGAT query intervals.  A maximum value of three 

associated with each potential shape ensured the number of geometric objects on the page 

would be limited to nine, preventing cluttering of the environment.  Table F3 

Randomizes Selection of Number of Shapes depicts the selection of each of these values.   

Table F3  

Randomized Selection of Number of Shapes  

Object 

Random Identification of 

Number Geometric Objects 

SAGAT Query 1 Triangles 1 

SAGAT Query 2 Triangles 3 

SAGAT Query 2 

Quadrilaterals 2 

SAGAT Query 2 Circles 2 

SAGAT Query 3 Circles 1 

SAGAT Query 4 Triangles 3 
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SAGAT Query 4 

Quadrilaterals 3 

SAGAT Query 4 Circles 1 

SAGAT Query 5 Circles 3 

SAGAT Query 5 

Quadrilaterals 3 

 

The locating of each shape required the establishment of a grid pattern of six 

squares in the X axis, by five squares in the Y axis, for a total of 36 squares or locations.  

Each square in the grid contains a value from one to 36, starting in the lower right corner, 

identifying a location.  The grid pattern layout is visible in Figure F4. SA test object 

placement grid.   

 

Figure F4. SA test object placement grid.   

Each previously selected geometric object per SAGAT query was randomly 

assigned a value from one to 36 that corresponded to a location on the grid and a value 
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from one to three that represented a color (1=red, 2=blue, and 3=yellow).  Table F4 

Randomized Selection of Shape Locations and Colorization depicts the selection of each 

of these values.   

Table F4  

Randomized Selection of Shape Locations and Colorization 

Object Grid Number Color (1=red, 2=blue, 3=yellow) 

SAGAT Query 1 Triangle 1  26 1 (red) 

SAGAT Query 2 Triangle 1 10 1 (red) 

SAGAT Query 2 Triangle 2 23 1 (red) 

SAGAT Query 2 Triangle 3 15 3 (blue) 

SAGAT Query 2 

Quadrilateral 1 33 1 (red) 

SAGAT Query 2 

Quadrilateral 2 6 3 (yellow) 

SAGAT Query 2 Circle 1 25 2 (blue) 

SAGAT Query 2 Circle 2 29 2 (blue) 

SAGAT Query 3 Circle 1 5 3 (yellow) 

SAGAT Query 4 Triangle 1 36 3 (yellow) 

SAGAT Query 4 Triangle 2 1 2 (blue) 

SAGAT Query 4 Triangle 3 21 2 (blue) 

SAGAT Query 4 

Quadrilateral 1 26 3 (yellow) 

SAGAT Query 4 

Quadrilateral 2 14 1 (red) 

SAGAT Query 4 

Quadrilateral 3 5 2 (blue) 

SAGAT Query 4 Circle 1 27 3 (yellow) 

SAGAT Query 5 Circle 1 10 1 (red) 

SAGAT Query 5 Circle 2 26 2 (blue) 

SAGAT Query 5 Circle 3 15 3 (yellow) 

SAGAT Query 5 

Quadrilateral 1 24 1 (red) 

SAGAT Query 5 

Quadrilateral 2 3 1 (red) 

SAGAT Query 5 

Quadrilateral 3 36 3 (yellow) 
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The SAGAT method requires that each probe insertion point (SAGAT query) be 

determined randomly (Endsley 1988; Endsley & Connors, 2008).  The time for each 

SAGAT query selection was determined randomly from between 30 to 180 seconds per 

interval.  Table F5 Randomized SAGAT Query Interval Assignment depicts the selection 

of each of these values.   

Table F5  

Randomized SAGAT Query Interval Assignment 

SAGAT Query Time Period (Seconds) 

1 99 

2 101 

3 92 

4 125 

5 47 

 

The SAGAT method also requires the random assignment of the questions 

associated with each SAGAT query (Endsley 1988; Endsley & Connors, 2008).  A series 

of 15 questions regarding the state of the environment, with three focusing on capturing 

projection of the participant, were developed.  The three projection questions require 

placement in the final query, whereas the remaining were subject to random assignment 

to an interval from one to four.   Table F6 Randomized SAGAT Query Question 

Assignment depicts the selection of each of these values.   

Table F6  

Randomized SAGAT Query Question Assignment  

Question 

SAGAT Query Number   

(1 to 4) 

How many geometric objects were visible in the 

environment? 2 

Were there any clouds in the environment? 4 
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Is the visible terrain urban or rural (i.e., cityscape or 

farmland)  2 

Where were the geometric objects in the environment? 4 

Were there more than two geometric objects visible? 3 

Was a geometric object visible in the lower left corner? 1 

Were there any yellow geometric objects? 2 

What type of terrain is visible (i.e., mountainous, plains, 

swamp, or desert)? 4 

Was one of the geometric objects a triangle? 3 

Which geometric object was in the upper right corner? 3 

What geometric shape was the red geometric object? 1 

Which geometric object was closest to the center 

(color/shape)? 1 

Based on experience with the testing, name a shape that 

should not be seen in this test?(this question is a 

projection query and must be last) N/A (5)  

Based on experience with the testing, name a color that 

should not be seen in this test? (this question is a 

projection query and must be in the last query) N/A (5) 

Based on experience with the testing, would you expect it 

to be possible to see a blue circle in the lower right corner 

of the environment? (this question is a projection query 

and must be in the last query) N/A (5) 

 

The environment simulation uses a distinct background image to create the 

scenario between SAGAT query intervals.  This image recreates a scene typical in the 

operation of the multiple types of air vehicle elements, MUAVs, SUAVs, and UAVs.  

The decision to use a static background image over a dynamic scene engine was to 

reduce complexity associated with the simulation.  The intent of this research as an initial 

examination of interaction capability can be determined using static scene location, 

whereas future research could further investigate using dynamic location.  The 

background image is representative of a mountainous terrain with no urban centers and is 

visible in Figure F5. Visible environment area background image.  
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Figure F5. Visible environment area background image. Reprinted from Sebastian 

Meyer, by S. Meyer, 2010, Retrieved from 

http://sebmeyer.files.wordpress.com/2010/03/hawraman_199.jpg. Copyright 2010 by 

Sebastian Meyer. Reprinted with permission.   

Alignment pattern slide.  This slide depicts the exact center for each maximum 

bound conditions of the eyepoint within the visible environment area.  Each bounded area 

contains the appropriate designator indicating the location of the eyepoint with a cross 

hairs (“) and a text indicator (i.e., Center/Center, Left/Center, Right/Up, Center/Down, 

etc.).  This slide use occurs with the familiarization of the test participant with the 

assigned treatment control.  The Alignment test pattern is visible in Figure F6. Alignment 

test pattern.   

http://sebmeyer.files.wordpress.com/2010/03/hawraman_199.jpg
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Figure F6. Alignment test pattern.   

Starting the application.  The following steps contain the instructions for setting 

up all necessary components and prerequisites for the proper operation of the visual SA 

test application: 

1. Connect the USB joystick to the simulated operator station PC.   

2. Start the simulated operator station PC.   

3. Open the visual SA testing application.   

Configuring treatment testing.  The following subsections contain the 

instructions for configuring each of the individual treatment tests.   

Static eyepoint.  The following steps contain the instructions for configuring the 

application for static eyepoint treatment (treatment A) testing: 
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1. Perform the steps described in Starting the application.   

2. Select the “None” option in the “Type of Input Device” combo box.   

Head tracker.  The following steps contain the instructions for configuring the 

application for head tracker treatment (treatment B) testing: 

1. Perform the steps described in Starting the application.   

2. Perform the steps described in Appendix I, to setup the head tracker.   

3. Select the “PPJoy Virtual joystick” option in the “Type of Input Device” 

combo box.   

4. Select the “Head Tracker” option in the “Type of Input Device” combo 

box.   

Analog joystick.  The following steps contain the instructions for configuring the 

application for analog joystick treatment (treatment C) testing: 

1. Perform the steps described in Starting the application.   

2. Select the USB joystick device from the list of available joystick devices 

in the “Type of Input Device” combo box.   

3. Select the “Analog X/Y Axis” option in the “Type of Input Device” 

combo box.   

Uninterrupted hat/POV switch.  The following steps contain the instructions for 

configuring the application for uninterrupted hat/POV switch treatment (treatment D) 

testing: 

1. Perform the steps described in Starting the application.   

2. Select the USB joystick device from the list of available joystick devices 

in the “Type of Input Device” combo box.   
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3. Select the “POV Uninterrupted” option in the “Type of Input Device” 

combo box.   

Incremental hat/POV switch.  The following steps contain the instructions for 

configuring the application for incremental hat/POV switch treatment (treatment E) 

testing: 

1. Perform the steps described in Starting the application.   

2. Select the USB joystick device from the list of available joystick devices 

in the “Type of Input Device” combo box.   

3. Select the “Incremental POV” option in the “Type of Input Device” 

combo box.   
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Appendix G: 

Experimental Testing Procedures 

The following subsections contain the instructions for performing the activities 

associated with the experimental testing.   

Pretest controls familiarization.  The following steps contain the instructions to 

familiarize a test participant with the assigned treatment type (static eyepoint, head 

tracker, analog joystick, uninterrupted hat/POV switch, and incremental hat/POV switch): 

1. Perform the steps described in the Configuring treatment testing section of 

Appendix F for the applicable treatment type (static eyepoint, head 

tracker, analog joystick, uninterrupted hat/POV switch, and incremental 

hat/POV switch).   

2. Select the “Alignment Pattern” test from the “test to Run” combo box.  

Text indicating the eyepoint position within the visible environmental area 

appears on screen.   

3. Allow the test participants up to five minutes of free play to familiarize 

themselves with the treatment control in the visible environment area and 

the on screen indicators (visual SA test application).   

4. Once the test participant has expressed sufficient understanding of the 

controls or once five minutes has elapsed, whichever occurs first, proceed 

to experimental testing.   

SA testing.  The following steps contain the instructions for performing the SA 

test: 
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1. Perform the steps described in the Configuring treatment testing section of 

the Appendix F for the applicable treatment type (static eyepoint, head 

tracker, analog joystick, uninterrupted hat/POV switch, and incremental 

hat/POV switch).   

2. Select the “SAGAT Test” test from the “test to Run” combo box.  The text 

“Prepare to Begin Experimental Test” appears on screen.   

3. Inform the test participant to prepare for the start of the test.   

4. The test administrator clicks the “Start Test” button.   

5. Allow the test participant to interact with the visual environment using the 

assigned interaction treatment.  At a random time interval, a SAGAT 

query screen appears.   

6. Once the SAGAT query page with three questions appears, prompt the test 

participant for answers to the questions.  The test administrator logs the 

answers and then selects the “Continue” button.   

7. The environment display now has new geometric objects in the field of 

vision.  The test participant continues to interact with the visual 

environment.  Steps 5 to 6 repeat until the five SAGAT queries have 

occurred.   

8. Once the text “End of Test” appears on screen, the test administrator can 

close the application or click “Display” to redisplay the controls.   

9. End of test.   
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Appendix H: 

Data Interpretation Spreadsheets 

A series of Microsoft Excel files are necessary for storing the statistical results 

data for each participant, the calculating of statistical components, and the storing of 

calculated values for use in analysis.  These spreadsheet files consist of testing results for 

individual participants, identifying static objects results, and locating static object results.   

Testing results for individual participants.  This Excel spreadsheet is a 

template to store each individual participant’s results after they have performed the 

assigned testing.  A unique version of this spreadsheet is necessary for storing and 

calculation of individual test participant results.  The following is the entry information in 

the spreadsheet 

1. Participant Unique Identifier 

2. Treatment Type 

3. Test Start Time (in HH:MM:SS) 

4. Interval 1 SAGAT Query Response Accuracy 

5. Interval 2 SAGAT Query Response Accuracy 

6. Interval 3 SAGAT Query Response Accuracy 

7. Interval 4 SAGAT Query Response Accuracy 

8. Interval 5 SAGAT Query Response Accuracy 

9. Mean SA 

SA Testing results.  This Excel spreadsheet stores the mean value results for all 

the individual participant treatment tests associated with the testing and calculates 

statistical values for use in analysis.  A single version of this spreadsheet is necessary to 
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store and calculate all the values associated with the individual testing.  The following is 

the entry information in the spreadsheet: 

1. Treatment test results recorded data (summary for each treatment type) 

a. Individual Mean Situational Awareness (for each participant using 

specific treatment) (calculated output of the Testing Results 

Individual Participants spreadsheet) 

2. Treatment test calculated data (for each treatment type) 

a. x
2
 statistic 

b. Test/Treatment mean Situational Awareness 

c. XTreatment  statistic 

d. XTreatment
2  

statistic 

e. n (number of participants) statistic 

3. Totals of all treatment values 

a. X statistic 

b. X
2 

statistic 

c. N statistic 

d. SStotal  statistic 

e. SSbetween  statistic 

f. SSwithin  statistic 

g. K statistic 

h. Degrees of freedom (df) (for between, within, and total) 

i. Mean Square (for between, within, and total) 

j. F statistic 
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k.  statistic 

4. Scheffe Test Treatment comparison calculated data (for comparison of 

each treatment type between one another) 

a. meantreatment 1 statistic 

b. meantreatment 2 statistic 

c. ntreatment 1 statistic 

d. ntreatment 2 statistic 

e. FScheffe statistic 

f. K statistic 

g. N statistic 

h. MSw statistic 

i. dfbetween statistic 

j. dfwithin statistic 

k. F statistic 

l.  statistic 
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Appendix I: 

Validation Testing Results of Head Tracker/Virtual Joystick Application 

The following procedure contains the steps to validate the use of the head 

tracker/virtual joystick application as an interface component with the proposed testing: 

1. Perform the activities for starting the application and setting up the head 

tracker described in Appendix D.   

2. Move the head tracker from left to right, confirming corresponding 

movement of the cursor on the grey screen display on the head 

tracker/virtual joystick application.  Confirm a maximum range of -100 

(full left) to 100 (full right) in the X axis.   

3. Return the head tracker to center, confirming corresponding movement of 

the cursor on the grey screen display on the head tracker/virtual joystick 

application.   

4. Move the head tracker up and down, confirming corresponding movement 

of the cursor on the grey screen display on the head tracker/virtual joystick 

application.  Confirm a maximum range of -100 (full down) to 100 (full 

up) in the Y axis.   

5. Test Complete.   
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Appendix J: 

Validation Testing Results of Visual SA Testing Application 

Control interaction validation.  The purpose of this test is to verify the interaction 

of the controls for treatment testing (head tracker, analog joystick, uninterrupted 

hat/POV, and incremental hat/POV).  The following steps represent the control 

interaction testing: 

1. Perform the steps described in Appendix I to setup the head tracker.   

2. Open the visual SA testing application.   

3. Select the “PPJoy Virtual Joystick” option in the “Input Device” combo 

box.   

4. Select the “Head Tracker” option in the “Type of Input Device” combo 

box.   

5. Select “Alignment Pattern” in the “Test to Run” combo box.   

6. Move the head tracker from left to right, confirming corresponding 

movement of the cursor through the visible environment area on the visual 

SA test application.   Confirm a maximum range of -1000 (full left) to 

1000 (full right) in the “Input X Axis” label (in the controls/settings 

window).   

7. Return the head tracker to center, confirming corresponding movement of 

the cursor through the visible environment area on the visual SA test 

application.   

8. Move the head tracker up and down, confirming corresponding movement 

of the cursor through the visible environment area on the visual SA test 
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application.  Confirm a maximum range of -1000 (full up) to 1000 (full 

down) in the “Input Y Axis” label (in the controls/settings window).   

9. Close the head tracker/virtual joystick application.   

10. On the visual SA test application, select the USB joystick in the “Input 

Device.” 

11. Select the “Analog X/Y Axis” option in the “Type of Input Device” 

combo box.   

12. Move the analog control (control stick) left and right on the USB joystick, 

confirming corresponding movement of the cursor through the visible 

environment area on the visual SA test application.  Confirm a maximum 

range of -1000 (full joystick left) to 1000 (full joystick right) in the “Input 

X Axis” label (in the controls/settings window).   

13. Return the analog control (control stick) to center on the USB joystick, 

confirming corresponding movement of the cursor through the visible 

environment area on the visual SA test application.  Confirm a value of 

zero for both the “Input X Axis” and “Input Y Axis” labels (in the 

controls/settings window).   

14. Move the analog control (control stick) up and down on the USB joystick, 

confirming corresponding movement of the cursor through the visible 

environment area on the visual SA test application.  Confirm a maximum 

range of -1000 (full joystick back) to 1000 (full joystick forward) in the 

“Input Y Axis” label (in the controls/settings window).   
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15. Select the “POV Uninterrupted” option in the “Type of Input Device” 

combo box.   

16. Press the hat/POV switch up and down on USB joystick, confirming 

corresponding movement of the cursor through the visible environment 

area on the visual SA test application.  Confirm a maximum range of         

-1000 (POV up) to 1000 (POV down) in the “Input Y Axis” label (in the 

controls/settings window).   

17. Return the hat/POV switch to center on the USB joystick, confirming 

corresponding movement of the cursor through the visible environment 

area on the visual SA test application.  Confirm a value of zero for both 

the “Input X Axis” and “Input Y Axis” labels (in the controls/settings 

window).   

18. Press the hat/POV switch left and right on the USB joystick, confirming 

corresponding movement of the cursor through the visible environment 

area on the visual SA test application.  Confirm a maximum range of         

-1000 (POV left) to 1000 (POV right) in the “Input X Axis” label (in the 

controls/settings window).   

19. Select the “POV Incremental” option in the “Type of Input Device” 

combo box.   

20. Press the hat/POV switch up and down on the USB joystick, confirming 

corresponding incremental movement of the cursor through the visible 

environment area on the visual SA test application.  Confirm a maximum 
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range of -1000 (POV up) to 1000 (POV down) in the “Input Y Axis” label 

(in the controls/settings window).   

21. Return the cursor to the center area.   

22. Press the hat/POV switch left and right on the USB joystick, confirming 

corresponding incremental movement of the cursor through the visible 

environment area on the visual SA test application.  Confirm a maximum 

range of -1000 (POV left) to 1000 (POV right) in the “Input X Axis” label 

(in the controls/settings window).   

23. Close the visual SA test application by clicking the “Exit” button.   

24. Test complete.   

 


