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ABSTRACT 

Landing on the deck of an aircraft carrier is one of the most difficult and dangerous tasks that a Naval aviator must 

perform. Maritime Augmented Guidance with Integrated Controls for Carrier Approach and Recovery Precision 

Enabling Technologies (MAGIC CARPET) is a technology intended to make carrier landing performance better and 

safer, and to reduce pilot workload. The workshop described in this report included a set of contextualized 

knowledge elicitation sessions that provided preliminary multi-faceted evidence that MAGIC CARPET leads to 

improved performance during landings and to lower participant workload. Contextualized knowledge elicitation 

collects a combination of system-generated data and self-reports together in real-time. The combination of system-

generated data and self-reports can provide cues to guide investigations about perceptual-cognitive skills required 

for successful task performance in high-consequence environments. Self-reports can highlight where to look within 

voluminous system data to gain insights about operator or system performance. Similarly, system data can indicate 

where verbal follow-ups can provide additional context about the objective data that were collected. The workshop 

was held at the Manned Flight Simulation operation at Naval Air Station Patuxent River. Six Naval Aviator 

participants, representing various F/A-18 experience levels, plus two non-pilot engineers used the simulator to 

conduct carrier landings using both conventional and MAGIC CARPET technology. Participant and Landing Signal 

Officer (LSO) reports as well as physiological and simulator-based measures showed a strong, noticeable, positive 

effect of MAGIC CARPET on landing performance. Participants reported dramatically reduced workload and LSOs 

reported that MAGIC CARPET made less-experienced participants perform as well as experienced pilots. These 

subjective participant observations were borne out by objective measures. Finally, the workshop provided rich 

information about a future more formal experiment to assess the impact of MAGIC CARPET on pilots and on the 

pilot training pipeline. 
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INTRODUCTION 

We describe an alternative to traditional self-report job analysis methods that is now available through the increased 

computing power, networking capabilities, device portability, and display quality that has changed the very nature of 

work. The methodology we describe integrated self-report data and simulator system-generated data, providing 

greater insight than either source provides alone and is an enhanced alternative to traditional self-report job analysis 

methods. This changing nature of work is evidenced in the percentage of jobs that are performed through the use of 

computers, all of which can potentially be fitted with simulations that exceed what, in the past, had been considered 

as “high fidelity” (Whetzel, McDaniel, & Pollack, 2012). These advanced simulations can be instrumented and used 

as interactive tools to design work, to understand how work is performed, and to deliver training to perform work. 

Our research reports on such an effort. Contextualized knowledge elicitation employs multiple data sources 

collected simultaneously, in real-time, avoiding issues of method bias (method variance, or common method bias). 

The results from multiple sources mutually reinforce each other, balancing strengths and weaknesses and form a 

virtuous circle, a concept that poses a recurring cycle of events, the result of each one being to increase the 

beneficial effect of the next (Oxford Dictionary, 2010). The combination of system-generated data and self-reports 

can provide cues to guide investigations, by using self-reports to highlight where to look within voluminous system 

data, and system data can show where verbal follow-ups are appropriate. 

Our method was applied during work to evaluate the potential contributions of MAGIC CARPET, a technology 

under development to assist Naval Aviators in landing on the deck of an aircraft carrier, one of the most difficult and 

dangerous tasks that a Naval aviator must perform. The Maritime Augmented Guidance with Integrated Controls for 

Carrier Approach and Recovery Precision Enabling Technologies (MAGIC CARPET) project integrates automated 

throttle control during final approach with onboard sensors, control capabilities, aircraft displays, and external visual 

landing aids to increase safety and reliability, and reduce workload. While the current training continuum continues 

to be highly effective, the total ownership costs associated with live training and the need to maximize aircraft usage 

beckons for an improvement in aircraft capabilities to reduce initial training and currency requirements.  

While touching on the results for MAGIC CARPET, the focus of our report is on an exciting methodology, the 

contextualized knowledge elicitation workshop, which we used to develop the results we report. The workshop 

event was conducted in December 2013 at the Manned Flight Simulation operation at Naval Air Station Patuxent 

River, Maryland. The purposes of the workshop were to gather preliminary data about MAGIC CARPET 

effectiveness, safety, and training requirements that would provide hypotheses and refine methodology for a 

subsequent formal experiment. Participants in the workshop used the F/A-18 simulator to land on an aircraft carrier 

using both conventional technologies and MAGIC CARPET, in varied conditions designed to reduce the mental 

workload during the landing passes. The simulator recorded the landing event, electrocardiogram (EKG)-based 

workload measures, eye tracking, and a variety of simulator-based measures. For some participants, an experienced 

Landing Signal Officer (LSO) was provided to serve in that role in an LSO simulator which was virtually connected 

to the FA-18 simulator. Contextualized knowledge elicitation occurred after each landing. The simulator replayed 

the landing that the participant had just completed while the participant remained seated in the cockpit and described 

his thought process during the landing exercise. The replays could be paused to allow researchers to conduct 

detailed discussions with the participant. 
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SHORTCOMINGS OF TRADITIONAL JOB ANALYSIS METHODS 

Current approaches to data collection in job analytic methodology (for example, Fine & Cronshaw, 1999; Wilson, 

Bennett, Gibson, & Alliger, 2012) rely on fallible human memory, understanding of researcher questions, and 

accurate researcher recording and interpretation of participant responses. This is because traditional job analytic 

methods all depend ultimately upon the same principal data sources, retrospective self-reports from job incumbents 

and their managers or supervisors, collected through surveys, interviews, and focus groups, or observations by 

trained human observers. Researchers therefore depend on the ability of incumbents, often in surroundings very 

different from the actual work, to understand what information is being sought, perform accurate search and 

retrieval from memory of the desired information, and then accurately describe their memories. Each step of this 

process offers opportunity for misunderstanding, memory errors, and mistakes in recording participant responses or 

psychometric and methodological issues that are documented throughout the research literature (for example, 

Rogelberg, 2002; Wilson, et al., 2012). Although work observations can occur while actual work is being 

performed, much job analysis occurs away from the environmental cues present in hazardous or confined locations, 

during infrequent or unpredictable tasks (such as response to an actual emergency), or interactions with technology. 

Absent the contextual cues normally present in noisy, stressful, and dangerous environments, participants may not 

be able to recall and provide insight into all aspects of task performance.  

Expert performers are typically desirable as job analysis participants, but expertise inherently involves the 

development of highly automatized processing that occurs outside conscious awareness. Reports from participants, 

regardless of data collection method, can also be influenced through participant efforts to manage the impression 

and representation of themselves they present to the researcher (for example, see Jansen, König, Kleinmann, & 

Melchers, 2012). When all data are collected from the same source at the same time, method bias, a source of 

systematic error, can artificially enhance or attenuate statistical relationships and differences (Conway, 2002; 

Conway & Lance, 2010). Better understanding of work requirements and processes are available through 

enhancements in simulation technologies and conceptualizations of simulation fidelity, meaning an accurate 

determination of characteristics and presentation accuracy and the degree to which the simulation accurately mimics 

characteristics, features, movement, and responses relevant to the work and investigatory goals involved (Stacy, 

Walwanis, Wiggins, & Bolton, 2013). Simulations can consistently replicate representations of work situations, 

record and assess participant interactions with these environments in real-time, without the distraction of interacting 

with researchers, and replay these interactions to the participant and researchers for further investigation using 

cognitive task analysis methods (Crandall, Klein, & Hoffman, 2006; Rosen, Salas, Lazzara, & Lyons, 2012). 

After 50 years of usage, we propose conventional job analysis methods have reached their ultimate development, 

and may not be optimal for modern tasks that depend heavily on cognitive skills, particularly perceptual-cognitive 

skills, rather than observable physical behaviors. This is because despite their indisputable value, the industry 

standard approaches to job analysis currently in use suffer from a number of shortfalls. They depend on reports or 

observations of behaviors of job incumbents. Since the earliest efforts to formally research people at work, 

researchers have known that the simple act of studying something can change it (Greenwood, 1986; Hassard, 2012; 

Sonnenfeld, 1985). These methods are also labor intensive, and can be especially burdensome on research 

participants. Most critically, they are limited in their ability to provide insight into task performance that is often not 

available to self-report or by observations. 

THE VIRTUOUS CIRCLE AND CONTEXTUALIZED KNOWLEDGE ELICITATION 

In contrast to conventional job analysis methods, contextualized knowledge elicitation occurs within the context of 

work performance by using high-fidelity simulations of the work. These simulations enable multiple incumbents to 

be presented with a controlled consistency in stimuli, and enable researchers to pause and replay stimuli and 

participant actions while answering questions and providing explanations. This situation helps to ensure that thought 

processes most relevant to the task are activated and memories are fresh and foremost in the participant’s mind. 

Further, data collection is not limited to accurate self-reports, because the participant’s actions in the simulation had 

previously been recorded by unobtrusive instrumentation. As a result, data from system-based measures, which are 

much harder for participants to influence than off-line self-reports, can be used to provide an objective corroboration 

of participants’ descriptions, explanations, and comments. This combination of system-based and highly 

contextualized self-reports minimizes the potential that common method variance may distort research conclusions. 
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SYSTEM-COLLECTED DATA 

The sources for system-collected data are sensors and measurement devices that are built into the simulator or 

attached to the participant. The key difference between system-collected and self-report data is that system-collected 

data (a) can document participant behaviors and reactions at intervals that are as short as the researchers wish to deal 

with (for example, periods of milliseconds to seconds or minutes), (b) depend upon behaviors and responses, not 

fallible human memory, (c) are largely outside the ability of participants to manipulate, other than by altering their 

own behaviors or reactions. System-collected data can measure a variety of variables. The first category of measures 

document participant actions and behaviors through positions of controls (documenting settings, adjustments, and 

inputs across time) and voice and text communications. A second category of system-generated measures assess 

participant behaviors that cannot be recorded through the simulator, such as the tracking of eye movements. A third 

category of system-generated measures measure participant physiological conditions, providing direct or indirect 

insight into variables such as workload and stress. In our research, we collected a variety of data through systems 

embedded in the simulation technology. The first set of data described pilot performance as reflected, in this 

application, by control inputs and their effect on the position and flight path of a simulated aircraft as it approaches a 

carrier to land. We also used eye-tracking instruments to assess where the pilot was looking and EKG data to 

compute estimates of workload. During this research, we identified an unforeseen additional capability of system-

based measures. This was their capability to assess effects of pilot behaviors that cause accelerated deterioration 

(wear-and-tear) of equipment through rough usage, abuse and other behaviors such as hard landings and high 

braking levels. These behaviors can be difficult for observers to spot or be willing to report and are unlikely to 

appear in self-reports. 

MANUALLY COLLECTED AND SELF-REPORT DATA 

We also collected a set of manual and self-report measures. For passes that had LSO support, LSO scores were 

recorded manually, using their standard criteria and measures (such as those in NAVAIR 00-80T-104). After each 

landing, a researcher collected subjective workload ratings from the participant, using the Bedford scale (Corwin et 

al., 1989; Gawron, 2000), a one-dimensional self-report rating by the participant of his or her spare mental capacity 

while completing a task. This measure is widely used in aviation because it is simple, quick, and easy-to-use in high-

workload environments. 

PARTICIPANTS 

The eight participants represented a variety of levels of training experience, from highly experienced F/A-18 pilots 

to having never before flown an aircraft. Our primary participants were six qualified Naval Aviators. In addition, we 

had four LSOs (who were qualified aviators), two of whom also participated as pilots. Two non-pilot engineers, with 

no previous flying experience, provided the ability to estimate the effects of MAGIC CARPET independent of flight 

qualifications. A total of eight participants flew the simulator. In the remainder of this report, we use participant to 

refer only to the eight individuals who flew the simulator, and do not include the two individuals who served only as 

LSOs. 

LSOs are Naval aviators with additional training to enable them to facilitate safe and expeditious recovery of aircraft 

aboard a carrier. LSOs inform landing pilots about known environmental conditions, acknowledge pilots as they 

begin their final descent, talk the pilots in when the pilots have a problem perceiving their normal landing cues, and 

tell pilots not to land when conditions exceed safety limitations. They also annotate and score every pass made by a 

pilot during carrier qualification (CQ) landings. The usual term used for their activities is waving pilots in (although 

they no longer do so, in the past LSOs used signal paddles and body position to provide information to landing 

pilots, hence they are often referred to as Paddles). 

Participants represented various degrees of F/A-18 carrier landing experience. The two non-pilot engineers were 

generally familiar with aviation, but had no flying experience and therefore no landing experience of any kind. 

Three Naval aviators were Fleet Replacement Squadron (FRS) students, having no experience in landing an F/A-18. 

One pilot had been on a single tour, but had fewer than 50 traps (a trap is a single arrested carrier landing), and the 

remaining two Naval aviators were very experienced, each having over 300 traps. We grouped the FRS students and 
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the pilot with a single tour into a category labeled novice. The two qualified pilot-LSO aviators were grouped as 

experts, and the two non-pilot participants were labelled Ab Initio.
1
 

CONDITIONS 

We used three sets of landing conditions. The first reflected normal landings, a second set of conditions used a dual 

tasking to assess the degree to which MAGIC CARPET ran the risk of automation-induced complacency, and a third 

turned off the simulator’s heads-up display (HUD), which Naval aviators normally depend upon during carrier 

landings. This final condition yielded insights into how dependent pilots would be on the new HUD configuration 

and into the effect that MAGIC CARPET would have on their landings in off-nominal conditions. Two expert pilots, 

who at first expressed skepticism of MAGIC CARPET, attempted a landing with the aviator blindfolded, while the 

other served as LSO. This landing, which would have been extremely difficult using conventional technology, was 

successful. 

METHOD 

Participants were briefed on the purpose of the study and then participated in two calibration tasks prior to flying in 

the simulator. The first calibration task performed a Multi-Attribute Task Battery (MATB) test to establish three 

levels of baseline workload (low, medium, high). EKG data were also collected. MATB data were used to calibrate 

the real-time workload assessment measurements. The second calibration task seated participants in the flight 

simulator while an experimenter assisted them in capturing eye gaze poses to calibrate the eye tracker. 

Participants were next given an opportunity for free-flight in the simulator to familiarize themselves with its 

characteristics. To reduce variability in behavior of non-pilot participants, the autothrottles (ATC) system, which 

automatically maintains the aircraft in the correct airspeed and angle of attack (AoA) during landings, was engaged 

during their passes. However, to elicit the most natural behavior from pilots, they were asked to use the ATC setting 

they normally use. All pilots preferred ATC to be disengaged for passes that used conventional technology. For 

MAGIC CARPET passes, ATC was always engaged because the ATC is integrated into the MAGIC CARPET 

technology. 

After the practice session, which generally lasted 10 minutes, participants landed using conventional landing 

technology. Non-pilot engineers were given a single opportunity to land under nominal conditions. Other 

participants were given two or three opportunities to land, one with ideal winds (25 knots straight down the landing 

area, called “down the angle
2
”) and another with somewhat more difficult but still typical wind conditions (30 knots 

down the axis of the carrier, which is 9 degrees off from “down the angle.”) 

Participants were asked to land in two dual-task conditions. The first dual task asked them to monitor a colored light 

located outside of their foveal vision. The light could have one of four colors: white, amber, red, or green, and 

participants were asked to respond only when the light turned amber. This task required participants to look to the 

left about 30 degrees to see the light, and press the trigger when the light turned amber. Participants were instructed 

to pay attention to landing as their primary task and to respond to the secondary task only as they could. This 

condition was expected to add to the landing workload. 

Participants then completed a brief on MAGIC CARPET and were given an in-simulator demonstration and an 

opportunity for free-flight using MAGIC CARPET. ATC was engaged for all participants for all MAGIC CARPET 

passes. In these passes, the participants repeated the landing and light monitoring tasks. In addition, for the MAGIC 

CARPET portion of the session, a second dual-task introduced an inattentional blindness condition, in which one or 

more unexpected objects were introduced into the scene. Finally, pilot participants were asked to land without a 

HUD, first using MAGIC CARPET technology, then using conventional technology. 

After each pass the researchers displayed a playback of the just-completed landing performance to the participant. 

Knowledge elicitation occurred during the replay, when researchers asked the participants to pause and describe 

important shifts in their attention, perceptions of fluctuations in the workload they experienced, and key impressions 

                                                           

 

 
1
 A Latin term meaning “from the beginning.” 

2
 The landing area of US carriers is offset 9 degrees from the centerline of the ship. 
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about the pass. For job analysis, the critical issues were that (a) knowledge elicitation occurred in the full context of 

the environment in which the work is performed in this application, an aircraft cockpit; (b) immediately after the 

job-relevant behaviors were performed and recorded; and (c) about the recordings, using the specific features 

displayed in the recordings as stimuli for further questions. 

Analyses were designed to investigate three aspects of the MAGIC CARPET technology, which are displayed in 

Table 1. 
Table 1. Research Questions 

Effect Research question 

Main effects of technology 

on landing quality. 

How did landings using MAGIC CARPET compare to landings using 

conventional technologies overall, averaged across pass types and experience 

levels? 

Effects of technology by 

experience. 

Did MAGIC CARPET affect novices and experts differentially, averaged across 

pass types? 

Effects of technology by 

experience and pass types. 

Did MAGIC CARPET affect novices and experts differentially by pass type? 

 

Three important measures of landing quality are pilot errors in (a) glideslope, (b) lineup, and (c) AoA. The variables 

were measured by and provided from the Controls Analysis and Simulation Test Loop Environment (CASTLE) 

aircraft simulation. We present a summary of overall results using bar charts with error bars. The variables are 

reported as the mean of absolute errors of the three types. The reason for using absolute error is that it is the size of 

these errors, and not their direction, that is of most interest when assessing overall differences. In fact, averaging 

over raw errors that could be either negative or positive runs the risk of cancelling out meaningful data. Absolute 

errors do not have this liability. That said, the workshop was not an experiment, and the results cannot be interpreted 

in the way that it would be in an experiment. The workshop was primarily a knowledge elicitation exercise intended 

to help formulate dependent and independent variables for a later formal experiment; it lacked the experimental 

controls that would ordinarily be applied and was not designed with experimental power in mind. Thus, a 

“significant” result must be interpreted to be a very promising—but not generalizable—result. For this reason, no 

other statistical inference was performed on these data. 

RESULTS 

When using conventional technology to fly the first of the two nominal passes, all of the pilots reported mainly 

looking at the HUD, the vertical rate of descent indicator (VSI), and the left digital display indicator (DDI) early in 

the pass to scan for the glideslope, and then shifting their attention to the ball around 1.5 nautical miles (NM) behind 

the ship. All of the pilots reported how easy it was to fly the pass using MAGIC CARPET. One of the expert pilots 

said, “I thought that was pretty easy. I thought that [MAGIC CARPET] was awesome. It’s almost so easy it puts you 

to sleep. The ball is staying right where I left it at and that’s awesome to see.” In fact, the expert pilots later cited 

this lack of workload as a concern, stating that it might induce automation complacency. 

Several of the novice pilots reported experiencing scan breakdown when flying the second, more challenging 

nominal pass that contained axial winds. One novice pilot described his experience flying this pass as, “I was 

fighting lineup the whole time. I was not watching VSI. I was spotting the deck.” Even one of the most expert pilots 

said, “I made a noticeable number of corrections because of the axial winds.” Pilots also conveyed that the level of 

workload was consistently higher throughout the pass when compared to the first pass with winds coming down the 

angle. Even though this was a fairly challenging pass for some pilots, they all reported that it was much easier to fly 

when using MAGIC CARPET. In fact, the expert pilot who mentioned making a number of corrections when using 

the conventional technology, said after flying the same pass using MAGIC CARPET, “It was easy to handle the 

axial winds. The winds appeared to be almost negligible because it’s so easy to keep it [the jet] on centerline. It 

didn’t seem like axial winds because it was so damn easy to keep it on centerline. Deviations were smaller and the 

corrections were easier. I made a couple of small deviations to make sure of where I want to be.” Using MAGIC 

CARPET, all of the pilots reported a reduction in workload as they did not experience the shifts in attention on this 

pass they experienced using conventional technology. The self-report about the nominal passes are substantiated by 

the system-collected data shown in Figure 1 and Figure 2. 
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It can be seen in Figure 1, that MAGIC CARPET showed a significant advantage for all participants in lineup and 

glideslope error, and that there was little if any difference for AoA error. The most likely explanation for this is that 

AoA error was already small with conventional technology, so there was not much room to improve. Figure 2 shows 

the dramatic advantages in lineup and glideslope error. Note the 0.4 NM burble “bump” in all charts that reflects the 

burble (the turbulent air behind the carrier due to its motion through the air). These included a pass with winds at 25 

knots down the angle and another at 30 knots axial. As in other charts, difference in AoA error was effectively zero. 

 

 

Figure 1. Difference of absolute error between conventional and MAGIC CARPET technologies for glideslope, lineup, 

and AoA for nominal passes showed a significant or almost-significant advantage for the MAGIC CARPET landings in 

lineup and glideslope error. 

 

Figure 2. Absolute glideslope, lineup, and AoA error for conventional and MAGIC CARPET technology. 
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Figure 2 also shows that experts were already doing very well on nominal passes, so there was less room to show the 

advantages of MAGIC CARPET. For Novice and Ab Initio participants, however, there were large advantages in the 

MAGIC CARPET passes, which are visually very evident in the charts.   

Note that MAGIC CARPET appeared to reduce novice errors nearly to the level of expert errors using MAGIC 

CARPET (and below the level of expert errors using conventional technology.) This supports the assertion we heard 

from LSO during the workshop that “MAGIC CARPET makes novices look like Top-10 ball flyers.” These charts 

support the subjective reports from the pilots, that MAGIC CARPET enabled smoother and better landings, though 

this was somewhat smaller for the experts than for the others. 

Figure 3 shows that participants, in general, experienced less workload during the nominal passes when using 

MAGIC CARPET, as compared to conventional technology. 

 

Two dual-task conditions were used during the workshop, spare capacity and inattentional blindness. The first of the 

dual- task conditions required participants to look to the left about 30 degrees to see a light that illuminated 

periodically, whose color changed over time, and press the trigger when the light was amber. Participants were 

instructed to pay attention to the primary task (landing) and to respond to the secondary task when they could 

(looking for the amber light). The purpose of this condition and the second dual-task was to provide insight about 

the degree to which MAGIC CARPET enables pilots to pay attention to stimuli that would otherwise go unnoticed, 

and to gain some preliminary insight into whether MAGIC CARPET might induce automation complacency. When 

flying this condition using conventional technology, pilots had intermittent success identifying the amber light 

before calling the ball. Soon after calling the ball, they shifted their attention to the landing task and noticed fewer of 

the amber lights. Pilots reported that when they tried to pay attention to looking for the amber light after calling the 

ball, they often lost line-up or deviated from glideslope, often making large corrections to recover. As one pilot 

noted, “I ended up pushing it pretty high when looking for the lights and then had to make an aggressive 

correction.” Most pilots said they gave up trying to identify the amber light around 1 mile from the ship, with the 

most experienced pilots giving up at 0.7 miles. 

Run Type

T
P
V
-B

a
se

d
 W

o
rk

lo
a
d

Magic CarpetConventional

10

9

8

7

6

5

4

3

2

1

 

Figure 3. TPV-Based Workload for nominal passes for all participants as a function of pass type. 

When pilots used MAGIC CARPET to fly this condition, they reported having more time to look for the amber light 

and could still fly a good pass. One pilot used a strategy to look for the lights every 1 to 2 seconds, and said he could 

do this because “I could look away and the flight path would be where I left it. It would be a lot more predictable 

where the ball would be using MAGIC CARPET.” Because the pilot did not have to shift his attention between the 

HUD, making corrections, assessing the corrections, and then taking a quick look for the amber light, it allowed him 

to spend more time looking for the light. Figure 4 shows the familiar MAGIC CARPET advantage for glideslope 

and lineup error, which were significant or almost-significant. Both experts and novices showed a glideslope 

advantage comparable to the nominal passes, and the novice lineup advantage was comparable to the nominal 

passes. However, unlike the nominal passes, experts showed a large and significant performance improvement under 

MAGIC CARPET for AoA error. AoA error was significantly reduced for experts and glideslope and lineup error 

was significantly or almost-significantly reduced for both experts and novices. This is another example of how the 

contextualized knowledge engineering approach produces a virtuous circle: one set of results (the system-collected 
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data) increases the beneficial effect of another set of results (the self-report data) by providing objective 

corroboration of participants’ descriptions, explanations, and comments.  

 

Figure 4. Difference in absolute error between conventional and MAGIC CARPET landings for dual task passes. 

DISCUSSION 

As with the other conditions, the evidence suggested a clear advantage for MAGIC CARPET over conventional 

technology for the landing task. This use of playback of real-time data, reflecting natural work performance, enables 

researchers to construct probes for additional information about focus of attention, change of attention, workload 

changes, and decision-making. It enables clarification and detailed probes of key points that could not be observed 

or recorded through any of our other measures. The combination of system-collected and self-report data allows 

mutual reinforcement and cross-cuing, in which system-collected data suggest topics for interviewing and cognitive 

task analysis (CTA) follow-up, while the self-report results can indicate how to refine and where to focus analysis 

within the system-collected data. Finally, although data from a single participant were collected during a single 

session, we collected at least two independent data sources, self-reports and system-based data, and when possible a 

third from the LSO reports, reducing the potential that our results were altered by method bias.  

The virtuous circle and contextualized knowledge elicitation approach provides insight into task performance that 

cannot be obtained through observation or self-reports or system-data alone, such as strategies to adjust work to 

changing situations and conditions. This approach overcomes many challenges participants encounter in 

recognizing, recalling, describing, and reporting highly-automatized behaviors, particularly when their reports can 

be interactive combined effects of high workload, high stress, and highly automatized behaviors. It provides the 

ability to present known stimuli to participants rather than asking them to imagine, reducing the potential for results 

to be altered because participants understood or imagined different situations. Traditional approaches using incident-

based interviewing techniques and survey items ask participants to recall incidents and hypothesize about situations, 

with no assurance that participants are recalling incidents that reflect the task demands and environmental conditions 

of greatest interest to the researcher. 

This approach also enables researchers to alter conditions to assess behavior in real-time by manipulating situations 

and measuring resulting changes in participant behaviors and responses. In contrast, our approach places participants 

in the full context in which the work is performed, allows participants to work without interruption, and then 

inquires about decisions and perceptions, using unambiguous recordings of the participant’s task performance, 

immediately after performance while the memories are still fresh to the participant. Further, researchers can use 

system-recorded data to craft verbal follow-ups, and then use the results of verbal inquiries to further refine system-

based data collection. The virtuous circle and contextualized knowledge elicitation approach provides greater ability 

to objectively and accurately measure differences, such as we did by replicating performance effects due to 

equipment failures (HUD outage). Researchers can manipulate attentional workload by adding secondary tasks and 

distractions, and then observe effects on performance of primary task. Researchers can collect accurate behavioral 

data, present consistent stimuli across participants, without regard to expertise, verbal ability, and past real-world 

experiences. The advantages of this approach make it a good candidate for use in designing training scenarios, 

developing measures for training effectiveness, and conducting formative evaluations of system designs. 
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