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Chapter 1 

Introduction 

Background and Purpose  

Background. An unmanned aircraft system (UAS) is defined as “an aircraft 

and its associated elements which are operated with no pilot on board” (ICAO, 

2011, p. 12). A sUAS is defined by the Federal Aviation Administration (FAA) as 

an unmanned aircraft under 55 pounds (FAA, 2016). According to Dalamagkidis, 

Valavanis, and Piegl (2009) one of the earliest UAS, by modern definitions, was 

developed in 1960 by the United States Air Force to survey and inspect China and 

Vietnam. As of January 2018, over 1 million sUAS are registered with the FAA, 

including 122,000 for commercial or public use (U.S. Department of 

Transportation, 2018). This is a result of both the growth of the industry as well as 

the required registration of commercial and non-commercial use UAS. The FAA 

projects that the UAS industry will grow to 1.6 million vehicles for commercial use 

and 3.5 million for recreational use by the end of 2021 (N.a, “FAA forecasts 

growth,” 2017). However, it should be noted that the FAA’s projections of growth 

were under-projected for non-recreational/commercial UAS by 80% for 2018 

(FAA, 2019).  

Results of a survey of the most frequent non-recreational uses of sUAS were 

published in the FAA Aerospace Forecast (2019). Findings revealed that the most 

frequent uses included research, film and entertainment, industrial, and 



2 

 

environmental purposes, with smaller sectors including construction, real estate, 

agriculture, and emergency services. Mika (2009) defined multiple use cases for 

UAS operations to aid in emergency services, including: search and rescue, incident 

imaging for reports, fire investigation, flooding inspection, and information 

gathering. The FAA noted that 3% (or 8,000) of these UAS missions are based 

around emergency and preparedness, but that they are “at the experimental stage” 

and expected to grow as technology improves (FAA, 2019, p. 47). UAS have been 

utilized by (a) firefighters, for detecting areas of heat and fire to direct helicopters 

for water drops in Arizona wild fires (N.a., 2019); (b) police officers, for locating 

missing persons through wooded areas in Florida (“Police Drones Find Missing 

Man”, 2019); (c) ocean rescue personnel to deploy rafts to drowning victims in 

Australia (“Robots to the Rescue”, 2018); (d) mountain search and rescue teams. to 

find and deliver messages to a lost kayaker in the mountains of New Mexico 

(“Search and Rescue Team uses UAS”, 2019); (e) power agencies, to inspect areas 

that need reconstruction to restore power after hurricanes, and define areas that are 

inaccessible by bucket trucks (“Drone Crews Restore Power”, 2018); and (f) 

hospital personnel, to deliver transplant organs (“Unmanned Aircraft Delivered 

Kidney”, 2019). The potential for UAS applications in emergency situations is 

broad and continuing to grow. As this growth continues, there is a need to consider 

the human factors associated with UAS operations and to ensure that UAS 
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applications have adequate interface design to ensure mission success, safety, and 

efficiency (Balog, Terwillinger, Vincenzi, & Ison, 2017). 

Current FAA regulations require a visual line of sight (VLOS) for all sUAS 

operations (FAA, 2016). VLOS is “an operation in which the remote crew 

maintains direct visual contact with the aircraft to manage its flight and meet 

separation and collision avoidance responsibilities” (ICAO, 2011, p. 12). Beyond 

visual line of sight (BVLOS) operations are currently not approved in the United 

States until see-and-avoid technology can be confirmed as successful for integrating 

UAS into the national airspace (GAO, 2015). As of December 2018, only 1.2% of 

waivers for BVLOS operations were approved (FAA, 2019). The current regulation 

states:  

The remote PIC (pilot in command) and person manipulating the controls 

must be able to see the small UA (unmanned aircraft) at all times during 

flight… However, the person maintaining VLOS may have brief moments 

in which he or she is not looking directly at or cannot see the small UA, but 

still retains the capability to see the UA or quickly maneuver it back to 

VLOS. These moments can be for the safety of the operation (e.g., looking 

at the controller to see battery life remaining) or for operational necessity … 

a remote PIC conducting a search operation around a fire scene with a small 

UA may briefly lose sight of the aircraft while it is temporarily behind a 

dense column of smoke. However, it must be emphasized that even though 
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the remote PIC may briefly lose sight of the small UA, he or she always has 

the see-and-avoid responsibilities. (FAA, 2016, p. 16) 

This requirement affects the ability of sUAS operators to maintain an overall 

understanding of the situation as time spent viewing flight task information on the 

typically-handheld controller is minimized. Alternatively, the FAA states that an 

operator can use a visual observer (VO) to maintain a visual line of sight (FAA, 

2016). However, should a problem arise, this now requires strong team dynamics to 

communicate and coordinate the sUAS out of a problem situation. The ideal 

solution would be to improve the ability of sUAS operators to maintain VLOS 

while simultaneously being able to view important flight task information. 

Despite the industry’s rapid growth, there is currently a gap in human 

factors research in the UAS domain. Much of the current research is concerned with 

training, operator selection, and improving the mechanical design of UAS to 

incorporate see-and-avoid technologies or improve mechanical performance (Balog 

et al., 2017). However, attention to the human factors aspect of real-time UAS 

operations, such as operator support through automation, interface design, and 

attention cueing, is lacking. UAS systems face greater issues than manned aircraft 

when it comes to supporting operators in maintaining situation awareness (SA). SA, 

with respect to UAS operations, is the understanding and comprehension of the 

current state of the vehicle and the environment surrounding it (Endsley, Toward a 

theory of situation awareness in dynamic systems, 1995a). Endsley and Jones 
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(2004) posited that the removal of the human from the cockpit removes information 

that the operator would normally gather through sight, sound, and feeling. UAS 

operators must now interpret the same type of information through UAS sensors 

and interfaces. The sensors that convey this information to the operator can exhibit 

poor signals, delays, and are often presented on poorly designed displays that can 

hinder SA. Balog, Terwiliger, Vincenzi, and Ison, (2017) noted that the lack of 

human factors research in this field may result in dangers, losses, and safety risks. 

A current challenge in the field is to “design interfaces that provide salient 

information capable of maintaining SA in UAS” operations, and this must be 

achieved before BVLOS operations can be considered (Balog et al., 2017, p. 66). 

Ensuring adequate SA is vital to mission success for emergency UAS 

operations. According to Endsley’s (1995a) model, SA has the potential to lead to 

better decisions, and ultimately, better performance. Improving SA has led to better 

decision making in emergency situations (Quoetone, Andra, Bunting, & Jones, 

2001), as well as improved strategic decision making in driving tasks (Kaber, Jin, 

Zahabi, & Pankok, 2016), higher target hit ratios in police training (Saus et al., 

2006), and improved performance in military planning scenarios (Salmon et al., 

2009). However, SA is one of many factors that influences performance. Research 

by Endsley (1990) revealed that in a fighter aircraft mission simulator, SA 

supported the offense team’s performance in infiltrating enemy territory; however, 

SA did not appear to assist in defensive operations. Defensive teams were unable to 
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leave the base, and therefore SA on enemy locations did not result in high gains for 

defensive teams. This illustrates that SA is only one facet of performance, a 

complex construct that is influenced by numerous factors. 

Incorrect decisions and poor performance resulting from low levels of SA 

can lead to accidents and, in some cases, fatalities. Endsley (1995b) presents a 

taxonomy of aviation accidents that originated from errors in SA. These errors 

caused poor decisions, and ultimately poor performance, ranging from landing on 

an occupied runway to fatal accidents, such as crashing into mountains or running 

out of fuel. Limited ability to detect anomalies, poor mental models, vital data 

being out of view, and high levels of workload all led to poor SA. Poor SA, in turn, 

led to poor decisions and poor performance by pilots. Schulz et al. (2016) present a 

taxonomy of medical incidents, ranging from routine procedures to emergency 

procedures that were caused by errors in SA. Poor SA led to accidents including 

incorrect drugs being administered, prepping patients for the wrong procedure, and 

administration of chemicals causing adverse patient reactions. Similar to the 

aviation domain, poor or incomplete mental models, anomalies, and data is difficult 

to detect, lack of data being within the medical personnel’s scan patterns or field of 

view, all led to poor SA and poor decisions, which, in turn, led to incidents. 

Endsley (1995a) presents a model of SA with various individual, 

environment, and system influencing factors that can be targeted to facilitate or 

improve SA (see Figure 1.1.) According to Endsley (1995a), the individual factors 
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impacting SA include individual memory capabilities, abilities, training, 

experiences, goals, and expectations. Task- or system-related factors include the 

system and interface design, the complexity of the system, the level of stress and 

workload associated with the task, as well as the level of automation. These factors 

provide an opportunity to influence SA; however, for many UAS applications 

across the industry, several of these factors cannot feasibly be targeted.  

With respect to individual factors, an operator’s memory capabilities, 

abilities, expectations, and experiences vary from individual to individual. It may 

not be feasible to effect a large change in these factors for the UAS operator 

population, as this would require evaluating each individuals’ deficits and 

 

Figure 1.1. Situation awareness model by Endsley (1995a). 
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developing methods to improve those deficits. With respect to task factors, the task 

goals and theamount of induced stress and workload on the operator are dependent 

on the operator’s job. Although, the UAS design may have the ability to alter 

workload, the task goals and amount of stress associated with the task—especially 

in emergency response tasks—are ever changing and cannot be controlled. Further, 

targeting UAS system factors such as complexity would require re-engineering the 

UAV itself, which at this point in the evolution of UAS may not be practical. In 

addition, targeting these task-related factors would require focusing on a specific 

use case to make tailored improvements, or creating a one-size fits all solution that 

is tailored to no use case. Such an approach may not have a large impact on UAS 

operations as a whole. Sanquist, Brisbois, and Baucum (2016) stated that, for first 

responders such as firefighters, police officers, and emergency medical personnel, 

“direct observation [of the environment and situation] is the key method of data 

acquisition, and that recognizing and classifying situations is based on experience 

and protocols” (p. 9). Therefore, the two most impactful ways to improve SA for 

this use case would include training improvements and aiding direct observation.  

As an example, consider the case of a firefighter, influencing experience can 

be costly as specialty training for using UAS in emergency response can cost up to 

$1000 for 40 hours of training for only one operator (Center for Disaster Risk 

Policy, 2019). The FAA (2019) reported 3% of all 277,000 registered non-
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recreational UAS systems in 2018 were for emergency operations. This equates to a 

total of over 8,000 personnel to be trained on emergency UAS operations, costing 

upwards of $80,000—assuming training is limited to one operator per UAS. For 

search and rescue, the North Carolina All-Hazards Technical Search and Rescue 

Technical Advisory Group (2015) annual training costs for search and rescue 

amount to $710,000 for North Carolina. These include specialized training events 

directed at how to perform search and rescue missions for lost persons, boat search 

and rescue, canine search and rescue, and collapsed building search and rescue. 

Due to the novelty of the UAS search and rescue use case, it is likely that a 

specialized UAS search and rescue training would need to be developed. However, 

training just five courses on canine search and rescue amounted to $20,000 alone 

(NC All-Hazards Technical Search & Rescue Technical Advisory Group, 2015). As 

such, improvements to the level of training, or training content, may not be the 

most cost effective and feasible focus area for improving SA of UAS operations.  

Sanquist et al. (2016) focused on providing technologies to first responder 

teams to facilitate SA, while simultaneously preventing information overload. For 

emergency teams attempting to utilize UAS operations, there are unique hurdles 

that impede the development of high levels of SA, including that: (a) information 

about the UAS system can only be absorbed through the senses, displays, and 

sensors; (b) the operator receives 3D information through 2D channels; (c) many 

systems lack multimodal interfaces; (d) technical limitations such as lag or low 
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resolution are currently prevalent; (e) the operator must convey information from 

their system to other members with different sources of information; and (f) the 

approach to the mission can change at any time (Chappell & Dunlap, 2006; Endsley 

& Jones, 2004; McCarley & Wickens, 2004). 

An interface design that addresses these issues could facilitate improved SA 

by providing the operator with all key information in a usable format. Improving 

the interface could result in SA gains in a multitude of industries. According to 

Endsley and Jones (2004): 

The operators’ ability to develop good SA on multiple unmanned vehicles 

or task aspects will be critically affected by the degree to which the user 

interface helps them to develop the needed SA with minimal effort and 

within the bounds of limited attentional resources (p. 228). 

Currently FAA regulations allow minimal time to look down at displays to collect 

flight task information needed to maintain SA. However, if VLOS can be 

maintained while simultaneously allowing for information to be viewed, this would 

allow for FAA compliance, while potentially increasing SA. Research on HUDs for 

sUAS operations is currently limited with most research focused on BVLOS 

operators or close quarters VLOS research with limited UAS functionality 

(Calhoun, Ruff, Lefebvre, Draper, & Ayala, 2007; Hedayati, Walker, & Szafir, 

2018) This study will evaluate the impact of bringing flight task information up into 

the VLOS on operator SA and performance.  
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Purpose. The purpose of this study was to examine the effect of two 

interface designs—traditional and heads-up displays (HUDs)—on situation 

awareness (SA), performance, and workload for sUAS operations. In the context of 

the current study, a traditional UAS interface (also referred to as traditional UAS 

operations) consisted of the UAS operator viewing all UAS parameters and sensor 

information on a device fixed to the controller, with the view of the environment 

separated. A HUD UAS interface (also referred to as HUD UAS operations) 

consisted of the UAS operator viewing all UAS parameters and sensor information 

overlaid on the view of the environment.  

In the context of this study, sUAS operations were defined as using a sUAS 

for a visual search task and was created through a simulated search and rescue 

mission on a desktop computer. SA was defined as “the perception of 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” (as cited in Endsley 

1995a, p. 36) and was measured in the current study using the Situation Awareness 

Rating Technique (SART) and the Situation Awareness Global Assessment 

Technique (SAGAT). Perceived level of SA was defined as subjective SA and was 

measured using the SART. Objective SA was defined as SA and was measured 

objectively using the SAGAT. Performance was defined as the number of correctly 

detected targets in a visual search task. Performance was measured in the current 

study through pictures taken by the participants, which were then scored as 
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correctly detected targets or false alarms. Workload was defined as the level of 

demand on human cognitive processes relative to the human’s capacity for 

collecting and processing information (Moray, 1979). Workload was measured in 

the current study using the NASA-Task Load Index (NASA-TLX).  

Definition of Terms 

The key terms or phrases relative to the current study were operationally 

defined as follows: 

1. Commercial UAS operators were defined as individuals who fly UAS for work 

purposes and would likely engage in visual search tasks, such as firefighters, 

police officers, military personnel, and inspectors. 

2. Environmental integration or environmentally-integrated display was defined 

as the utilization of augmented reality (AR), HUDs, Heads-Down Displays 

(HDDs) with synthetic vision, or other technology to overlay information on a 

visual environment (simulated or real). This can include task information 

overlaid onto a virtually rendered environment, camera imaging, or the real 

world.  

3. Experienced UAS operators were defined as UAS operators with greater than 

10 hours of UAS experience.  

4. Heads-up display (HUD) was defined as a type of an environmentally-

integrated display that integrates task information over the real-world 

environmental information. The primary goal of a HUD is to keep the eye level 
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Appendix E 

Example SAGAT Queries from Endsley and Kiris (1995) 
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Appendix F 

Example Military SAGAT Queries from Bolstad and Endsley (2003) 
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Appendix G 

Developed SAGAT Queries 

Level 
Riley and Endsley (2004) 

UGV SA Requirements 
UAS Developed Query 

1 
Task/Mission Objectives: 

Time on Task 

Enter the number of minutes the drone has been in 

flight. 

1 
Detections: Number of 

targets identified by humans 
Enter the number of human targets you have detected. 

1 
Quality of communication 

links: For GPS 

Enter the number of satellites you are currently 

connected to. 

1 
Vehicle status: Past control 

actions 

Enter the number of times the drone has turned 180 

degrees. 

1 
Vehicle status: Heading of 

vehicle 

Enter the cardinal direction that the drone is currently 

flying (N/E/S/W). 

1 
Vehicle status: Location of 

vehicle 
Enter the current height (in FT) of the drone. 

1 
Vehicle status: speed of 

vehicle 

Enter the current horizontal speed (in MPH) of the 

drone. 

1 
Vehicle status: speed of 

vehicle 
Enter the current vertical speed (in MPH) of the drone. 

1 
Vehicle status: Distance from 

base 

Enter the distance (in FT) of the drone from your 

location. 

1 
Vehicle status: Battery/fuel 

level 
Enter the percentage of battery life remaining. 

1 
Quality of communication 

links: Signal strength 
Enter the current number of bars of signal strength. 

2 

Vehicle operations: Distance 

between robot and other 

assests 

Enter the height (in FT) that the drone is currently 

located above the tree line. 

2 
Tasking: Status of 

tasks/progress 
Enter the number of human targets remaining. 

2 
Impact of weather and 

terrain: Visibility 

Enter the number of times that your view of the drone 

has been blocked by the trees. 

2 
Vehicle operations: 

Situatedness of robot 

Enter the cardinal direction that the drone is currently 

relative to you (N/E/S/W). 

2 

Vehicle operations: 

Likelihood of losing 

robot/damage to robot 

Enter the number of times the drone has come within 5 

FT of a tree. 

2 

Sensor and manipulator 

operations: Potential for 

control/communication 

latency 

Enter the current risk of losing GPS connection (at 

risk/not at risk). 

2 
Vehicle Operations: 

Orientation of robot 

Enter the direction (left or right) that the drone must 

turn to face North. 

2 
Vehicle Operations: Area 

coverage 

Enter the number of times the drone has cross a road in 

the last two search legs. 
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3 
Projected location of robot: 

Relative to operator 

Enter the distance (in FT) that the drone will be from 

you in 2 minutes assuming enough battery. 

3 
Projected ability to detect 

targets 

Enter the number of human targets you think you will 

detect by the end of the scenario. 

3 Projected coverage of area 
Enter the number of search lines the drone will fly by 

the end of the scenario. 

3 
Projected need to return to 

base 

Enter the number of minutes remaining until the drone 

will run out of battery. 

3 
Projected actions/behaviors 

of the robot 

Enter the cardinal direction that the drone will be flying 

in 3 minutes assuming enough battery 

3 
Projected destination of 

vehicle 

Enter the distance (in FT) that the drone will have 

traveled when the battery is at 0%. 

3 
Projected need to return to 

base 

Enter the number of minutes remaining until you will 

need to return to home 

3 Projected coverage of area 
Enter the number of times the drone will cross a road in 

the next 2 minutes. 
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Appendix H 

SART Questionnaire 

Read each statement and then select the appropriate choice which corresponds 

to how you were feeling during the task you just completed 

 
Instability of Situation 

How changeable is the situation? Is the situation highly unstable and likely to change 

suddenly (High) or is it very stable and straight forward (Low)? 

 

1           2            3           4           5           6           7 

○           ○          ○       ○          ○          ○        ○      
 

Complexity of Situation 

 How complicated is the situation? Is it complex with many interrelated components (High) 

or is it simple and straight forward (Low)? 

 

1           2            3           4           5           6           7 

○           ○          ○       ○          ○          ○        ○      
 

Variability of Situation 

 How many variables are changing within the situation? Are there a large number of factors 

varying (High) or are there very few variables changing (Low)? 

 

1           2            3           4           5           6           7 

○           ○          ○       ○          ○          ○        ○      
 

Arousal 

 How aroused are you in the situation? Are you alert and ready for activity (High) or do 

you have a low degree of alertness (Low)? 

 

1           2            3           4           5           6           7 

○           ○          ○       ○          ○          ○        ○      
 

Concentration of Attention 

 How much are you concentrating on the situation? Are you concentrating on many aspects 

of the situation (High) or focused on only one (Low)? 

 

1           2            3           4           5           6           7 

○           ○          ○       ○          ○          ○        ○      
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Division of Attention 

 How much is your attention divided in the situation? Are you concentrating on many 

aspects of the situation (High) or focused on only one (Low)? 

 

1           2            3           4           5           6           7 

○           ○          ○       ○          ○          ○        ○      
 

Spare Mental Capacity 

 How much mental capacity do you have to spare in the situation? Do you have sufficient 

to attend to many variables (High) or nothing to spare at all (Low)? 

 

1           2            3           4           5           6           7 

○           ○          ○       ○          ○          ○        ○      
 

Information Quantity 

 How much information have you gained about the situation? Have you received and 

understood a great deal of knowledge (High) or very little (Low)? 

 

1           2            3           4           5           6           7 

○           ○          ○       ○          ○          ○        ○      
 

Information Quality 

 How good is the information you have gained about the situation? Is the knowledge 

communicated very useful (High) or is it of very little use (Low)? 

 

1           2            3           4           5           6           7 

○           ○          ○       ○          ○          ○        ○      
 

Familiarity with Situation 

How familiar are you with the situation? Do you have a great deal of relevant experience 

(High) or is it a new situation (Low)? 

 

1           2            3           4           5           6           7 

○           ○          ○       ○          ○          ○        ○      
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Appendix I 

Qualitative Questions 

How effective was the separated display configuration in completing your task? 

(environment view and drone on the top display; drone parameters and camera view on the 

bottom display) 

o Not at all effective  

o Slightly effective  

o Somewhat effective  

o Very effective  

o Extremely effective  

 

What did you like or dislike about the separated display configuration? ____________ 

 

Why? _________________________________________________________________ 

 

How effective was the integrated display configuration in completing your task?(drone 

parameters and camera view overlaid on your environment view with drone on the top 

display) 

o Not at all effective  

o Slightly effective  

o Somewhat effective  

o Very effective  

o Extremely effective  

 

What did you like or dislike about the integrated display configuration? ____________ 

 

Why? _________________________________________________________________ 
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Appendix J 

NASA-TLX Workload Measure 

Read each statement and then select the appropriate choice which corresponds to how 

you were feeling during the task you just completed 

 

Mental Demand 

How mentally demanding was the task? 

Very 

Low ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
Very 

High 

 

Physical Demand 

How physically demanding was the task? 

Very 

Low ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
Very 

High 

 

Temporal Demand 

How hurried or rushed was the pace of the task? 

Very 

Low ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
Very 

High 

 

Performance 

How successful were you in accomplishing what you were asked to do? 

Perfect ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ Failure 

 

Effort 

How hard did you have to work to accomplish your level of performance? 

Very 

Low ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
Very 

High 

 

Frustration 

How insecure, discouraged, irritated, stressed, and annoyed were you? 

Very 

Low ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 
Very 

High 
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Appendix K 

IRB 
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Appendix N 

Raw Data 

 

Row Order Exp 
Traditional  HUD 

SART TLX SAGAT Targets  SART TLX SAGAT Targets  

1 1 2 14 84 13 13  22 78 19 14 

2 2 2 15 72 15 10  16 75 17 14 

3 1 2 22 79 14 14  25 82 21 14 

4 2 2 21 35 19 14  22 29 16 13 

5 1 2 17 41 15 9  19 61 17 8 

6 2 2 19 73 15 14  24 72 16 14 

7 1 2 16 46 14 13  16 44 10 11 

8 2 1 23 64 17 13  17 47 13 10 

9 1 2 36 22 14 15  38 12 16 13 

10 2 2 12 67 13 9  9 53 9 11 

11 1 2 26 54 12 12  23 55 18 15 

12 2 2 26 50 15 14  27 46 14 11 

13 1 1 13 67 12 10  12 64 16 11 

15 1 2 26 61 17 10  27 68 19 14 

17 1 0 14 75 15 14  16 37 11 11 

18 2 0 15 59 14 11  13 57 13 14 

20 2 1 14 40 12 14  8 49 13 12 

21 1 2 10 73 14 13  14 71 16 11 

22 2 2 23 74 16 8  26 80 16 10 

23 1 2 23 40 16 11  30 44 17 14 

24 2 2 23 67 19 14  22 60 16 14 

25 1 2 25 76 13 12  22 70 18 13 

26 2 1 19 67 13 7  14 78 16 9 

27 1 2 26 40 17 10  22 37 17 9 

28 2 1 20 26 14 13  12 39 13 12 

29 1 1 6 89 14 8  7 106 8 10 

31 1 1 16 50 12 10  17 43 13 6 

33 1 0 17 40 17 15  29 30 16 12 

34 2 1 22 54 15 14  21 63 15 11 

35 1 1 24 57 13 10  26 42 18 15 

36 2 1 18 90 12 9  10 85 12 9 

37 1 0 14 81 17 14  16 80 18 14 

38 2 0 23 77 17 11  12 66 16 13 

39 1 1 8 79 7 9  29 38 12 12 

40 2 0 23 32 16 15  20 26 12 12 

41 1 1 16 66 13 12  17 47 12 11 

42 2 1 25 28 19 11  27 35 21 14 

43 1 1 13 81 13 14  19 69 16 14 

44 2 2 21 47 19 15  24 38 18 13 

45 1 1 3 34 18 13  9 34 17 13 

 

 


