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Human factors issues in UK military aviation are identified and mitigated through a
combination of proactive support and reactive investigations, both of which employ
qualitative data collection and analysis methods. Each piece of work to identify human
factors issues is performed on a standalone basis, but a regular review is undertaken to
identify common trends. In the most recent review of trends, thematic analysis was used
within the framework of the Accident Route Matrix to determine the most prevalent and
gualitatively important human factors issues. The thematic analysis identified a wide
range of human factors issues, including resource availability, training, documentation,
and fatigue. By applying a qualitative approach throughout the data collection and
analysis, it was possible to develop a rich understanding of each trend.

A combination of proactive support (examining normal flying operations) and reactive
investigations (analysing air accidents) are used to identify and mitigate Human Factors (HF) issues in
UK military aviation.

Proactive support is provided through the conduct of Operational Events Analysis (OEA, Revell,
Harris, and Cutler, 2014). The OEA is a proactive and preventative approach, which examines typical
military aviation operations and uses that information to identify HF issues which are influencing the
work of the unit. OEA involves an HF specialist attending a unit for a period of time, typically between
five and ten days. During that visit the specialist will conduct semi-structured interviews with a cross
section of personnel on their experience of working on the unit. The specialist will also observe work on
the unit such as flight planning, debriefing, engineering tasks, and team meetings. The information
gathered during the visit is then analysed qualitatively to identify HF issues which could influence flight
safety and specify the role those issues may play in an accident.

UK military air accidents are investigated by a Service Inquiry (SI) panel. Each Sl panel is
supported by a number of advisors, including an HF specialist. The HF specialist supports the panel in
the collection of HF evidence and throughout the analysis phase. The HF specialist also determines where
HF issues could have contributed to the accident. The HF specialist then prepares a report for the SI
panel which characterises each relevant HF issue and their role leading up to, during and immediately
post-accident (Harris, 2011).

The proactive support and reactive investigations use a common framework to analyse HF issues,
which is known as the Accident Route Matrix (ARM). The ARM was developed by Harris (2016), by
adapting the Human Factors Analysis Classification System (Wiegmann and Shappell, 2003) into an
investigation matrix. As shown in Figure 1, the ARM allows HF issues to be presented by both the type
of issue (on the y-axis) and time of effect (on the x-axis). The ARM also identifies the links between the
HF issues and demonstrates how each HF issue is connected to its role in an (actual or potential) accident
sequence (shown by the boxes hazard entry, recovery, escape, and survival).
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Figure 1. Accident Route Matrix.

The ARM is a fundamentally qualitative approach, as it is driven by the content and meaning of
the information gathered. The benefit of such a qualitative approach in accident investigation is that the
investigator can remain flexible during evidence collection and adapt to the nature of evidence available
regarding the accident. The use of qualitative information reflects the richest available information about
the accident, and so maximises the scope to understand why the accident happened. In applying the same
process, used to investigate an accident, in the OEA immediately communicates the value of the OEA
approach and means the OEA has good face validity. Applying a qualitative approach in a proactive
safety investigation also offers benefits in terms of the depth of understanding of the HF issues and the
links between those issues. Such an understanding assists in communicating the findings, demonstrating
the credibility of the work, and in developing recommendations to address the issues identified.

Aviation safety incidents often share root causes and so analysing accidents and normal
operations using the same framework (the ARM) enables common issues to be identified. However, each
accident investigation and OEA is carried out on a standalone basis to ensure the HF input is
appropriately tailored to the context. This enables targeted recommendations to be provided to the unit to
improve safety but raises the risk that common issues and opportunities to address issues at the
organisational level could be missed. Accordingly, a periodic trend analysis is undertaken with the aim of
identifying the most critical trends.
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Method
Data collection

Scope. Twenty reports were identified to act as the data set for the trend analysis. The data set
comprised all the reports produced by the Aviation Psychology Team at the Royal Air Force Centre of
Aviation Medicine (RAF CAM) between March 2013 and May 2015 inclusive. The type of reports
included in this data set are shown in Table 1, the “other” reports refer to parachuting and Air Traffic
Control (ATC).

Table 1.
Reports included in the trend analysis.
Accident or incident Operational Events Total
investigation Analysis (OEA)
Fixed-wing 2 4 6
Rotary-wing 4 7 11
Remotely Piloted Air System 0 1 1
Other 1 1 2
Total 7 13 20

The reports all shared the common qualitative investigative and data analysis procedure, as
summarised in the introduction. The reports each presented the results of that analysis in the form of a
series of descriptions of HF issues. Each description included the nature of the issue and, where possible,
the causes of that issue and its impact on safety.

Analysis

Once the data set had been collated, a thematic analysis was carried out to “identify, analyse and
report the patterns within the data” (Braun and Clarke, 2006). Thematic analysis was chosen as patterns
within the data could be identified and reviewed in an iterative manner until the most prevalent themes
emerged. As such, the process was driven by the qualitative information contained in the reports, but it
also allowed a framework (the ARM) to be applied to the findings.

Data familiarisation and generating initial codes. Initially the reports were reviewed fully.
Once fully immersed in the report contents, the HF issues were identified from the reports and collated so
that very similar issues are grouped into a theme. A theme was defined as the highest level description of
the issue and allowed for grouping later. Where similar but different issues were identified they were
given a high level theme, but that theme was divided into sub-themes. The sub-theme provided more
detail on the nature of the HF issue. For instance, a theme may be at the level of “number of personnel”,
which could be associated with sub-themes of “not enough supervisors” and “not enough instructors”.
During the analysis the titles of the themes and sub-themes were refined to reflect the whole body of
information in the reports.

Categorisation of themes. Once all of the issues had been considered and the themes and sub-
themes were drafted, they were compared against the ARM and categorised into one of the seven HF
categories used in the ARM: organisation, supervision, task, equipment, environment, behaviours and
actions, and operator conditions.

Reviewing themes and categorisation. After the ARM categorisation was completed, a full
review was performed of the themes, sub-themes, and ARM categories. This comparison was undertaken
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by a different HF specialist, providing both an independent check of the initial identification of themes
and a check of the suitability of the themes and sub-themes.

Defining trends. The ARM was then scrutinised in terms of the prevalence of each theme and
sub-theme across the reports and its importance to flight safety. From this process, a number of themes
and sub-themes were drawn out from the analysis to form the trends. A description of each trend was
then prepared which was derived from the relevant descriptions in the twenty reports which comprised the

data set.

Results

A total of thirty-one HF trends were identified from the thematic analysis and presented using the

framework of the ARM, as shown in Figure 1.
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Figure 1. Accident Route Matrix presenting the 31 trends that were identified from the thematic analysis.

Descriptions were prepared for all thirty-one trends. The descriptions comprised a narrative of
the issue, an actual example from the evidence, its causes, and the anticipated consequences of that issue

for flight safety risk.
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Amongst the thirty-one trends it was noted that there were a small number of critical trends which
both prevalent and qualitatively important, and these were highlighted for particular focus and mitigation:

1.

Number of personnel. Areas were highlighted where there were limited personnel in
specific roles or with specific qualifications.

Training and currency. Inall cases, training was provided to personnel to enable them to
perform effectively in their role. However, some limitations were found in the content of
training and in the opportunities to practice skills once trained.

Documents and procedures. A common issue in aviation is the high volume of rules,
procedures and regulations. This issue was identified as a trend in the analysis, as it
increased the risk of information being forgotten and so contributing to a procedural
violation. There were also issues identified with the content of documentation — such as
errors within the documents, unclear information, or information spread across multiple
documents.

Overall workload. Rather than an issue with on-task workload, the critical trend was that
personnel had a large number of tasks to perform during their working day which was
challenging to achieve in the time available.

In-flight Situation Awareness (SA). Difficulties in developing and maintaining SA in-flight
were identified across a number of accident investigations. In OEA, limitations were
identified with the cockpit equipment which could reduce SA in-flight.

Distraction. Two types of distraction were noted: In-flight distraction, most commonly
linked to equipment discomfort, and general distraction, linked to uncertainty and frequent
task changes.

Fatigue and pressure. There were very few reports of overt pressure being imposed in
personnel, but personnel were highly motivated to achieve their tasks which, when combined
with issues such as lack of personnel and high workload, was acting to impose a perceived
pressure which could also contribute to a risk of fatigue.

Experience. Declining experience levels was identified as a critical trend, sometimes linked
to new platforms where experience was naturally low, but also linked to limited opportunities
to practice skills after training.

Discussion

Using qualitative analysis allows a large amount of contextual data, collected in various forms, to
be examined in such a way that the feelings, values and perceptions underlying and influencing
behaviours can be recognised. The language and imagery used by personnel can be captured to further
understand the issues and factors being described in a way that statistical analysis cannot. Using thematic
analysis allows for the identification of patterns and meanings across the data. Themes are developed
from within the data and supported with assertions from grounded theory.

In the current study, combining the use of the ARM framework alongside thematic analysis has
identified the HF issues which are critical trends for UK military aviation units. The analysis generated a
wide range of HF issues which were then examined and explored before identifying the most critical
eight. Each trend was identified based on qualitative data collection and analysis, which enabled an in-
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depth understanding of each issue to be developed, beyond what could have been achieved with a purely
quantitative approach.

The nature of the qualitative approach used ensured that the results were evidence based, which
was particularly important when presenting the findings to senior stakeholders to provide confidence in
the conclusions. The nature of the analysis then allowed a detailed and descriptive set of results to be
produced which could be easily and clearly explained to non-aviation psychologists. This clarity is vital in
enabling action to be taken to address the issues identified and to guide decision making regarding the
operational risks in military aviation.

The results of the trend analysis have been presented to senior personnel within the UK military
to further aid their understanding of HF risks. Recommendations have been developed to address each of
the eight critical trends at the organisational level, and to develop the use of OEA to support continual
improvement in aviation safety.
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Diary studies, when used as a qualitative research instrument, provide numerous
advantages not possible with other methods. These differences become even more
apparent when comparing diary study results to the vastly different quantitative
type paradigms. Although less commonly used, their unique benefit to the
researcher is both the volume and nature of the open-ended data captured. This
underutilized method offers the researcher an opportunity to discover a rich first
person account of the experiences, feelings, observations, and solutions to
challenges. Here we present the beginning of a research study where we
employed a diary study method to discover specific behaviours and observations
from the perspective of aircraft simulator instructors. Specifically, during the
post-simulator debriefing we examined first-person insights on how simulator
instructors utilize facilitated debriefing techniques in addition to both the
recognition and mitigations to learning barriers.

Understanding human behavior in natural settings offers both challenges and benefits
simultaneously. For example, external factors can intrude unpredictably into your observations
and can be both problematic and insightful as to how work is performed in complex
environments. Traditionally, early in the study design process, researchers have a general idea if
their methods could be categorized as either qualitative or quantitative in nature. Additionally, a
researcher’s field of study may also help with this categorization. Unfortunately, the social
sciences have previously struggled with claims that, typically, qualitative methods in general
lack the ability to find the provable “truth” or statistically supported findings. Historically, this
claim has positioned the social sciences on the defensive, resulting in a consuming focus on
trying to legitimize their research by following the lead of the more quantitative physical science
research paradigms. Here we choose to not focus on language that invites argumentative
discourse as this oration has gone on long enough and the arguments’ relative merits are
thoroughly contrasted elsewhere (Kunh, 1962; Flyvbjerg, 2001; Blaxter, Hughes, & Tight,
2006).

The question remains, how do we decide what methods of data collection are best for
natural settings where work is complex, messy, and frequently does not follow a predictable
script? Woods (1992) lends some insight by stating that in complex and dynamic systems we
“must use a different subject population than the typical subject of psychology experiments.”
These environments include, but are not limited to, aircraft cockpits, nuclear power control
rooms, and various health care settings. The nature of the study we describe here lends itself to
one where we take a more holistic approach to sampling data from the context of real work as
done. Described in the literature by Hutchins (1995a) as “cognition in the wild”, this approach
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reminds us to be cautious as to not disturb the work process since this has the very real potential
to truncate or alter our ability to understand work in context (Bartlett, 1932; Hollnagel & Woods,
2005; Hollnagel, Woods, & Leveson, 2007; Hollnagel et al., 2008; Hollnagel et al., 2009;
Dekker, 2016; Hollnagel, 2017).

Diary Study

Here, we describe how we are employing a diary study method of data collection for
research examining how professional simulator instructors discover and mitigate challenges to
post-simulator facilitated debriefings. Diaries, in either the written or audio format, are self-
reported instruments used to examine specific experiences. Diary studies in particular offer
researchers the opportunity to investigate social, psychological, and physiological processes,
with events that can be unpredictable (Bolger et al., 2003). Effectively, this underutilized
research method offers us an opportunity to study cognition in natural settings from a more
observational perspective. That is, to capture a very rich first person account of the experiences,
feelings, observations and solutions to problems.

A researcher’s specific research goals and questions will dictate if a diary study will be a
good choice as a research tool. For example, when considering your research goals, a more open-
ended examination of contextually rich environments lend themselves well to employing a diary
method. In general, three broad types of research goals are possible using diary designs: (a)
obtaining reliable person-level information; (b) obtaining estimates of within-person change over
time, as well as individual differences in such change; and, (c) conducting a causal analysis of
within-person changes and individual differences in these changes (Bolger et al., 2003). These
are not trivial considerations as the methods and questions chosen for data collection will effect
both the nature of your results and how they are interpreted (Bolger, et al., 2003). For the study
we describe here, we are gathering reliable person-level information since we are amassing
descriptions of specific events identified ahead of time (post-simulator debriefing) for each of the
simulator instructors. These descriptions are not compared against each other but rather collected
and analyzed as aggregate data.

Diary studies, when used as an ethnographic research instrument, provide numerous
advantages not possible with other methods. Additionally, they can also support a more
grounded theory approach—that is, one which is more exploratory in nature and later may reveal
a potential hypothesis. The freedom provided by a diary study includes the ability of a researcher
to explore the data and understand the unique complexities of work from different perspectives.
These differences become even more apparent when comparing diary study results to the vastly
different quantitative-type paradigms and their focus on a specific hypothesis and statistical
justification. Other known benefits to the research community, diary studies offer unique
research benefits. Some of these include both the volume and potential depth of the open-ended
data captured which is simply not possible with other more rigid study design constructs. This
rich contextual pool of data is possible by the unique flexibility and characterization of a diary
study design.

Although diary studies provide the researcher a plethora of contextual rich data to
examine, like any other research instrument, there are limitations and challenges unique to each.
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For example, diary studies can suffer from being too tedious for the subject and they can invoke
a “Heisenberg-style” challenge: that is, the process of influencing the observations by intruding
upon and interfering with the very flow of the events being examined (Czerwinski et al., 2004).
In the study presented here, we addressed each of these by providing recording pens so that they
can verbally report their discussion as opposed to the more laborious task of writing out the
details of their experience. As for the “Heisenberg-style” consideration, we addressed this by
having the instructors make their recordings right after the post-simulator debriefing. This has
the additional benefit of helping to prevent or at least reduce any memory recall problems with
those that are captured later.

Facilitated Debriefings

Many safety-sensitive domains utilize advanced forms of simulation to capture learning
objectives for both initial and recurrent training programs. Research has shown that these
simulator sessions are more meaningful when followed by a structured debriefing session
(Helmreich & Foushee, 1993). Precision flying skills are considered by many as easier to
evaluate since they are based on specific quantitative flight parameters (i.e., airspeed * 10 kts.).
Instructors can easily debrief these training aspects as the performance is evaluated as being
either within the allowable range or not.

Teamwork and collaborative constructs are much harder to evaluate for both the students
and instructors as these events unfold due to either the more subjective nature of how these terms
are defined or the lack of a measurable quantity. The evaluation of these collaborative teamwork
constructs requires a more effortful discourse where students are the central focus. Post-
simulator debriefings are more meaningful when conducted in a facilitated manner—that is,
where the students through self-discovery discuss their non-technical performance (e.g., flight
deck communication and collaboration), and as a team review the training event to discover
areas of both strengths and weaknesses. If the debriefing is conducted correctly, the students will
be able to better take their perspective of their performance back to the real aircraft and with
reflection make changes to their day-to-day flying and collaborative abilities. Adult learning
literature also suggests improvements in day-to-day performance is where a student-centered
approach will lead to deeper understanding, better memory retention and later skill application
(Duval & Wicklund, 1972; Gow & Kember, 1993; Jones, 1982; Dismukes, Jobe, & McDonald,
1997).

Although the adult learning literature discusses why facilitation is beneficial to promote a
deeper understanding of the material and increased retention, there is limited guidance as how to
conduct a facilitated debriefing. In other words, what are the essential components of these
sessions, and how should they be conducted? Furthermore, there appears to not be, or at least not
published, a serious research attempt to capture as many barriers to learning discovered in a
simulator-training environment using ethnographic techniques. Even less available is guidance
addressing any of these barriers and more importantly the successful strategies used to overcome
obstacles to learning. Our research study presented in part here addresses these absences and the
diary study method gives us the freedom to capture rich contextual data.
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Data Collection

This study will utilize a group of professional simulator instructors who will conduct
facilitated debriefings once we complete a literature review, subject matter expert (SME)
consultation and standardized pre-study training. When the study begins, they will first answer
four predetermined questions that are specific to facilitation methods and encountered barriers to
learning. After these are addressed, they are encouraged to share all thoughts on the experience
regardless of how pedestrian they may seem. The goal of this study, which is why the diary
method is particularly effective, is that it offers subjects many degrees of freedom in both how
and what they chose to report.

However, prior to data collection, literature searches for facilitation barriers to learning
and previous aerospace research on debriefing facilitation was reviewed to see how this line of
research could be further explored. Once completed, we met several times with subject matter
experts (SME) that are simulator instructors and training captains who were able to provide
significant insight into post-simulator debriefing challenges, in addition to how, in their
experience they have seen facilitation both work successfully and fail. Thus, they were able to
help us craft definitions of what facilitation means in this application and how that connects to
the last of the aerospace research from the late 1990s (Dismukes et al., 1997). We were also
fortunate to speak with the foremost NASA researcher who led this effort during that time.

All of these perspectives allowed us to establish several foundational components to our
study: a) we developed a solid understanding of what facilitation is and what it is not, b) we
established challenges and benefits commonly experienced (including known barriers to learning
in the debriefing environment) by SMEs who use facilitation methods regularly (weekly basis)
and, c) established the specific questions that we required instructors to include in their diary
entries (see below). Once answers to these questions were established and prior to data
collection, we provided a “standardization” class for the instructors. This class was used to
ensure that they understood the meaning and goals of the study, their individual responsibilities,
and satisfying Institutional Review Board (IRB) protocols. Materials covered included answers
to what the SMEs felt was effective facilitation, operation of the recording pen, downloading and
submitting their diary audio files, and a discussion on what a diary study is including history,
advantages/disadvantages, and how to specifically make an audio diary entry. The specific
required diary entry was initially structured around four questions that as a group with the help of
the SMEs and the previous literature search we felt should be addressed in each diary entry. The
guestions are:

1. Over all, how well did the facilitation attempt work? Offer a high-level
perspective of the experience as a whole.

2. What were the indications noticed that the crew arrived ready for self-
discovery, or not?

3. What were the barriers to facilitation that you noticed? How were you able to
discover them?

4. Were there any mitigation strategies attempted to any of the barriers
experienced? If so, what were they and how well did they work? What would
you do differently in other training events?
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Otherwise, as part of diary study methods, instructors had free rein to discuss their observations,
concerns, successes and failures while trying to conduct facilitated debriefings.

This type of study design would normally imply a retrospective analysis (the subject
completes their diary entry once after the debriefing) complete with all of its biases and
limitations. However, from a timing consideration this approach was our only opportunity for
data collection since the instructors were not allowed to make their diary entries during the actual
debriefing as requested by management. We agreed with their concern to the potential disruptive
nature of trying to capture this data from the debriefing in real time. Some researchers would
argue that this delayed capture may seem to shift the timing of the data collection from a
prospective to a retrospective format. However, despite this apparent challenge, we felt that our
data collection is actually far more prospective then many would appreciate. The instructors were
guided to make their diary entries immediately after the post-simulator debriefing. This
immediate entry would reduce biases and memory challenges, and we would be capitalizing on
the learning principles of primacy and recency to significantly reduce the extent of retrospection
bias and memory challenges (Bolger, et al., 2003). We felt that this approach was a reasonable
balance between usual diary study methods and real world constraints and trade-offs that make
this operational space challenging. We realized that there would be times when making the diary
entry immediately after was not possible (for example during the middle of night while fatigued
or when personal schedules are prohibitive). In those cases, the instructors were advised to make
the diary entry as soon as practicable.

Conclusions

By using an ethnographic type research design (diary study), we were able to discover
specific behaviors and observations from the first person prospective view from simulator
instructors. For this specific work context, they are the best source of information which supports
our understanding of both their challenges and opportunities when conducting facilitated
debriefings. By our design, the simulator instructors offered truly a first person perspective that
is captured in a prospective manner. This first perspective or first story has high ecological value
because these experiences are carried out in situ or in the users’ real environment (Czerwinski et
al., 2004). In our research discussed here, using a diary study method allowed us insight to a
contextual process that has not been previously explored and captured. This approach provided a
much deeper and richer understanding of the challenges professional simulator instructors face.
In our case, no other research instrument would have provided the balance between a
comparatively less rigid method while yet still offering rich contextual data that will drive the
next phase of our research on improving and standardizing the facilitating debriefing process.
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IS RHO THE KEY TO HAZARDOUS WEATHER AVOIDANCE?

William R. Knecht
Federal Aviation Administration
MMAC/CAMI/AAM510, Oklahoma City, OK USA

Current in-cockpit looping Next-Generation Radar (NEXRAD) is inadequate to maintain safe (20
nm) aircraft separation from heavy weather (> 40 dBZ reflectivity). This assertion is supported by
mathematical information analysis and an empirical study (Knecht, 2016), as well as numerous
previous empirical studies. The current work revisits the ecological analysis by examining the
putative affordance p (rho) specifying when weather-avoidance maneuver should begin, as
suggested by General Tau Theory (Lee, 2009). With “gap” defined as the distance between the
on-screen aircraft icon and the weather hazard, p is specified by the ratio ((dg/dt)/g)(t), the
instantaneous gap contraction rate divided by the instantaneous gap size. In current looping
NEXRAD, p clearly does not reach perceptible threshold until too late to facilitate 20 nm
separation from hazard. The addition of a range ring plus future-predicted weather and aircraft
position could remedy this deficiency, enabling safe, efficient navigation around heavy weather.

Introduction
Background

Adverse weather remains a perennial challenge for all aviation, particularly for the smaller aircraft of
general aviation (GA) and, therefore, a high priority for the U.S. Federal Aviation Administration (FAA). One
important focus area involves pilot interpretation and use of color-coded weather-risk displays. In the U.S., the best
known of these is the National Weather Service (NWS) NEXRAD. GA pilots are now being offered NEXRAD
capability in the cockpit, for instance via XM satellite radio, and on handheld devices like tablet computers and
smartphones. From a human-factors perspective, NEXRAD is effectively a risk-proxy gradient—a graphical
representation of relative weather-related risk. Such gradients contain important perceptual information pilots can
use to make hazard-avoidance decisions (Knecht & Frazier, 2015a; Wiggins, Azar, & Loveday, 2012)—particularly,
how close their flight plan may take them to hazardous weather.

Normally, NEXRAD images are updated only about once every five minutes. But, rapid playback of about
an hour’s worth of individual frames is enough to create a time-lapse movie of precipitation. Repeating (“looping”)
such a movie conveys a strong sense of apparent motion (Wertheimer, 1912), enhancing the perception of where a
storm is heading.

Nevertheless, looping NEXRAD ultimately shows a movie of where precipitation used to be. At issue is
whether that information can be used to predict where both the aircraft and hazardous weather will be in the near
future.

We know that pilots can estimate closest point of approach to storms on NEXRAD to a degree.
Psychophysical studies by Bootsma & Oudejans (1993) have mathematically verified both the presence of
detectable information in “an object moving toward a designated position,” as well as the ability of observers to
detect that information. Nonetheless, in virtually every aviation-related NEXRAD study to date (all in simulo), a
substantial proportion of pilots seemed to overestimate closest point of approach (CPA), meaning they
overestimated eventual minimum separation from heavy weather, and ended up approaching too closely (ATSC,
2013; Beringer & Ball, 2004; Burgess & Thomas, 2004; Hua, 2014; Knecht, 2016; Knecht & Frazier, 2015a,b;
Lemos & Chamberlain, 2004; Novacek, Burgess, Heck, & Stokes, 2001; Wu, Duong, Koteskey, & Johnson, 2011;
Wu, Gooding, Shelley, Duong, & Johnson, 2012; Wu, Luna, & Johnson, 2013; Yuchnovicz, Novacek, Burgess,
Heck, & Stokes, 2001). In no study did all pilots consistently maintain the 20 nm separation from heavy weather
advised in FAA AC 00-24-C (Table 1, FAA, 2013, p. 10, Sec 9c)

In previous investigation (Knecht, 2016) we took a theory-based look at the visual information present in
looping NEXRAD. The current work revisits that investigation and suggests possible avenues of further research.
The approach is that of ecological psychology (Gibson, 1979), neurocomputation (Marr, 1982), and ecological
interface design (Dinadis & Vicente, 1999, Borst, Flach, & Ellerbroek, 2015), namely examination of the visual
elements of a scene’s “ecology” to determine affordances—information capable of “affording” completion of a
given task in the sense of providing, supplying, facilitating, or enabling it in a way mathematically describable and
computationally plausible by structures of neurons. Of particular concern to us in this discussion are the visual
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affordances in a NEXRAD display that would allow keeping an aircraft icon 20 scale miles away from “heavy”
weather.

Summary of Key Findings to Date

The search for task-relevant information. Figure 1a represents an idealized map display of an aircraft
moving NW in straight-line motion for 35 minutes with constant velocity Vairerar = 120 kt. Imagine a single point on
the nose of the aircraft icon approaching a single designated point on the edge of a storm that does not change shape,
but moves ENE in straight-line motion with constant velocity Vorm = 30 kt.

&

T %
o toffy™
2 \Pare® |50 250
° ) > lg,
PRV LU 200 N\ B
= . "
T A s

30

Ny
b
wlol
wed ®
Range (nm)
S o
Ex
S
ﬁ»

20 ity
h | r
L .| /
3 \ 1 N - B i i Sl
Y & T\: /T(
. - % : L
10 20 30 40 # 10 5 4 5 5 20 25 30 35
Xg storm nm . RZ Time (minutes)
a b c

Figure 1, a) Cartesian geometry of a “pass-by” situation with 57.3 nm initial separation and CPA = 2.5 nm, b) the same situation
rotated (45° clockwise), now depicting an aircraft-centered, moving-map display showing the storm’s resulting relative motion
(the logic of Egs. 1 and 2 (below) is based on 1b), c) the gap function plotted over time produces a “rounded-V” shape having
zero slope at time-of-CPA (tcea).

Avoiding a single point on such a storm’s edge is arguably the simplest possible case of “weather
avoidance.” In reality, there would be many such points to consider along that edge, but we can consider just one
because their mathematical logic will be similar.

Figure 1b shows the same weather situation, but transformed into the perspective of relative motion
(Lenart, 1983) such as you would see in a moving-map format, centered on the aircraft, with the world rotated (here,
45° clockwise) to show the aircraft path headed straight up. The aircraft appears to stand still while objects around it
move.

For a looping NEXRAD display without future-projection of weather, Figure 1c shows Figure 1a’s gap
function—the parametric (time-based) equation describing the instantaneous range r, or gap, between the tip of the
aircraft icon and that single, moving point on the storm at time t:

I = \/(xo vt +(y, +Vyt)2 (1)

where X, and y, are initial relative separation distances (€.9., Xo = Xo aircratt — Xo storm ), @nd v and v, are relative-
velocity components (€.9., Vx = Vyaircratt - Vxstorm ), &ll Of which can be estimated by comparing at least two views of
the situation, separated by a known amount of time.

Solving Equation 1 for slope d,/d=0 gives us CPA—the task-relevant information we need (see Knecht,
Smith, & Murphy (2000), Appendix 1 for derivation). This shows that—at least in the absolute simplest case—
looping NEXRAD theoretically contains sufficient information for pilots to estimate how close they will approach a
storm boundary.

CPA= )
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Implausible vs. plausible solutions. We have retinal structures sensitive to position, various sizes of gap,
angular orientation (Hubel, 1988), and motion (van Santen & Sperling, 1985). So, it may be plausible to detect the
individual components of Equation 2. However, it is not plausible to imagine noisy neurons accurately executing all
the delicate mathematical operations in the exact fashion specified by Equation 2.

We therefore look for a “hack”—some clever feature of the situation that might sidestep complicated
computation, allowing what Gibson called direct perception. For instance, pilots have a hack to directly perceive if a
distant airplane will collide with theirs. They just look out the window. If the relative position of the approaching
aircraft on the windscreen never changes, but it keeps getting bigger and bigger—that represents an eventual
collision (Bootsma & Oudejans, 1993).

The challenge is finding such a hack. Examining Figure 1c, we might, for instance, monitor the VV-shaped
gap function in non-future-projected looping NEXRAD to look for a sudden change in its slope (i.e., the second
derivative). However, that approach seems implausible. As Figure 1c clearly shows, a “V” gives nearly no change-
in-slope information until the time t ~ 25 minutes, where the aircraft is practically at CPA, and already dangerously
close to the storm.

Ecological Enhancements for a Better Display
Rho as a potential cue to triggering avoidance maneuvering. Lee (2014) has considered ecological
situations analogous to ours, namely ones where a viewer sees a gap changing size over time. The way the gap

changes can serve as a trigger stimulus for actions such as an avoidance maneuver. The information that forms this
potential trigger stimulus is called p (rho), and is defined (Eg. 3) as the relative rate of change of the size of the gap.

d
%[ _ instantaneous changein gapsize  slope of the gap function at time't

Pt = @)

Ot instantaneous gap size size of the gap at timet

Readers may recognize p as essentially the inverse of 7 (tau, that is time-to-contact), which is the basis of General
Tau Theory (Lee, 2009). Regardless, the concept itself is simple enough. Given, say, a shrinking gap between an
onscreen aircraft icon and a storm cell, the faster the gap is shrinking (bigger numerator)—or the smaller the gap
itself is (smaller denominator)—the bigger o will be. The ratio forming p changes over time, and Bootsma &
Oudejans (1993) suggest mathematical approximations that could be plausibly implemented by neurons without the
need for implausibly extensive or delicate computation.

Figure 2a below is merely 1c repeated for convenience. Figure 2b shows how, in an onscreen conflict
situation such as looping NEXRAD, the value of p would grow large enough to exceed a fixed threshold and trigger
a neural circuit sufficiently far ahead of time to cover reaction and maneuver times. And, because any gain made in
early alert translates directly into available maneuver time, o might constitute a key element in hazard avoidance.
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Figure 2a. The gap function of Fig. 1c, b) the time-evolution of p. Note that the threshold for earliest-time-of-discernability could
be lower than that of mere slope change detection (Fig. 2b, t ~ 22 minutes, about 3 minutes sooner than in Fig. 1c).

Addition of a range ring to the display. The addition of a range ring around the aircraft icon (Fig. 3a)
should theoretically add even more benefit to a looping display.
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Figure 3a. A cockpit multifunction display showing range rings centered around the aircraft icon, b, upper) The gap function with
and without a 20-nm range ring, b, lower) time-evolution of p, and areas of potential discernability, with and without 20-nm
range ring.

Figure 3b (upper) shows how a 20-nm range ring changes the gap function by effectively decreasing the
instantaneous distance-to-hazard by 20 nm. If “Plan A” for hazard avoidance is based on perception of pin a
looping display, then Figure 3b (lower) shows a marked decreased in earliest time-of-potential-discernability, from
about 22 minutes without the range ring down to less than 15 minutes with it. In other words, having a range ring
gains could provide 7 minutes additional maneuver time in this particular case.

Moreover, Figure 3a (upper) shows that the range ring itself will ultimately directly contact the edge of the
hazard at time tcgrr = 17.4 minutes, while the aircraft is still 20 nm distant. This constitutes a “Plan B” backup alert
for even the least-attentive pilot.

Addition of a range ring and future-projected weather. Obviously, accurate estimation of the positions
of both the aircraft icon and weather—even with as short as 30 minutes lookahead—would be a major step forward
in tactical weather avoidance. This would eliminate having to depend on perception of an early-warning stimulus
such as p. The display could either be looped, or simply “time-scrolled” ahead to see if the range ring itself
contacted any hazard.

At issue, of course, is the accuracy of the convective weather forecasts themselves. Conversations with
Keith Brewster (personal communication, July 30, 2015), Associate Director of the Center for Analysis and
Prediction of Storms (CAPS) lead us to believe that 45 minutes lookahead appears feasible with current
supercomputers running 3-km-resolution storm modeling. About 15 minutes of that lookahead would be needed to
compensate for processing and data-broadcasting time, leaving the net 30-minute gain envisioned as necessary.

Conclusions

The Importance of Ecological Information Design

As human factors researchers, we need to be able to determine how task-critical in-formation from
technological systems is detected by the user (Vicente, 1999). If we begin with the information present in the
stimulus, we can then imagine how that information could be detected or derived by simple neural circuits. If these
exist, then there may be the possibility for accurate, efficient, effortless Gibsonian direct perception, and the
technology may function efficiently with little modification.

On the other hand, if we can logically show that either no easily detectible task-critical information exists
in the stimulus, or no such simple neural detector of that information is plausible, then we can deduce that
perception and/or cognition must be constructed. Constructed cognition is almost by definition less efficient, more
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error-prone, and is therefore an opportunity for augmented perception and augmented cognition, such as the theory
and method of ecological interface design, which seeks to “make visible the invisible” (Vicente & Rasmussen, 1990.

Naturally, no cockpit display, no matter how advanced, can guarantee 100% freedom from weather hazard.
Human factors issues always remain (e.g. “get-home-it is,” fatigue, training issues, and so forth). Nonetheless, we
feel compelled to support all efforts regarding the art and science of ecological interface design. To analyze the
information available in the visual stimulus, to discern which tasks rely on hard-to-derive information, and to find
creative ways of making visible the invisible are things clearly worth our effort. Ecologically enhanced displays
have already shown considerable success in tactical aircraft collision avoidance (Ellerbroek, Visser, van Dam, & van
Paassen, 2011; van Dam, Mulder, & van Paassen, 2008). Since weather is more or less a “large flying object,”
similar ecological approaches could, and should, be developed and tested.

Future research

Future research should center, first, on testing “the rho hypothesis” in a simplified psychophysical setting,
for instance testing human ability to detect impending onscreen collisions between small moving dots. If
psychophysical research confirms p as a likely stimulus capable of triggering avoidance maneuvering, then it would
make sense to pursue the investigation, examining looping-NEXRAD displays with range rings and, ultimately, with
range rings and future-projected storm displays.
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We evaluate a newly developed symbology that provides the pilot predicted and
advisory airspeed information. This information is not only based on the current state
of the aircraft, but also takes into account the wind field ahead of the aircraft
measured by an onboard LIDAR system. Airline pilots flew landing approaches in
wind shear scenarios that demanded careful consideration of whether to land on go-
around in JAXA's full flight simulator. We obtained both subjective evaluations and
objective data including flight performance, eye recoder data, electrocardiogram
(ECQG), electroencephalogram (EEG), and performance on a simple visual secondary
task. The pilots considered all newly proposed systems useful during the landing
approach, and reported better performance and lower workload compared to the
conventional display, particularly in challenging situations. The objective data
supported the subjective evaluation results.

The Japan Aerospace eXploration Agency (JAXA) is developing an onboard Doppler Light
Detection and Ranging (LIDAR) system able to measure the wind velocity field up to several miles
ahead of an aircraft when flying in clear air (Inokuchi et al. 2009, Inokuchi 2012). In a collaborative
research between JAXA and The University of Tokyo we investigate how this information can be
used to support the pilot’s situational awareness and to reduce accidents, incidents, or inconvenience
caused by strong turbulence and wind shear.

Proposed Systems

Figure 1 shows how the wind data measured by the onboard LIDAR can be used. This paper
focuses on the LIDAR-based predictive wind shear (L-PWS) warning system, the predicted airspeed
indicator (L-PSPD) and the target airspeed indicator (L-TSPD). Figure 2 shows an impression of the
current implementation. We assume manual operations. Readers interested in future connections to
the autopilot and auto throttle systems are referred to the paper by Kamo et al. (2016).

LIDAR-based predictive wind shear (L-PWS)

Closest to the raw LIDAR data is the use of LIDAR as a clear air extension to the weather
radar system. The LIDAR data is displayed on the navigation display (ND) and a LIDAR-based
Predictive Wind Shear (L-PWS) advisory, caution, or warning is generated analogous and in addition
to the current radar-based system. An addition to the radar version is that the higher accuracy of the
LIDAR allows us to provide a countdown timer until the expected wind shear occurrence (“ETA
5sec” on the ND in Figure 2).
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The LIDAR data display is intended to support situational awareness on the perception level,
while the warning system should facilitate decision making (i.e., preparing for or initiating a Go-
Around).

LIDAR-based predicted airspeed indicator (L-PSPD)

The higher resolution and accuracy of the LIDAR system makes it possible to provide the
pilot with predictions of airspeed changes up to several tens of seconds or even a minute ahead. The
L-PSPD consists of 3 ovals (“bubbles”) between the speed tape and the artificial horizon (Figure 2).
The oval centers represent the predicted average speeds, their heights are a measure for the speed
variation (i.e., short in calm air and tall in strong turbulence).

Current
Aircraft State N
Airspeed Target Airspeed lIN Calculate | | Calculate
‘ LIDAR Data }/' Prediction Calculation Difference Required Thrust
v
- : ] J' l Target Throttle
LIDAR Data Display + || Predicted Airspeed Target Airspeed Thdliator
Warning system Indicator Indicator I
LIDAR Predictive Wind Shear || LIDAR Predicted Speed LIDAR Target Speed
(= L-PWS) (= L.PSPD ) (= L-TSPD ) Auto-Throttle
“Radar extension”| New Pilot Support System

Figure 1. Overview of the proposed “SafeAvio” systems using data measured by the onboard LIDAR.
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Figure 2. Impression of the L-PWS, L-PSPD (*Bubble”) and L-TSPD (“Shell””) additions to the
Primary Flight Display (PFD, left) and Navigation Display (ND, right).

This indicator is similar to the speed trend vector on conventional displays, however:
1. it takes into account the future wind speed changes measured LIDAR (not only current wind),
2. it provides multiple predictions (e.g., 5, 10, and 20s ahead), (10s for the speed trend vector),
3. it shows the (in)stability of the airspeed through a variable height of each of the 3 “bubbles”.

020



The predicted airspeed indicator is intended to support situational awareness on the
(comprehension and) projection level. In particular, it is expected to be helpful for speed control,
since the prediction could compensate the delays of several seconds the jet engines need to spin up
and translate that additional thrust (acceleration) into speed.

LIDAR-based target airspeed indicator (L-TSPD)

In addition to the future airspeed predictions we propose a variable target airspeed (L-TSPD)
that may temporarily deviate from the selected speed in order to prepare for large upcoming changes
in wind speed. The symbology is similar to and replaces the “speed bug” or “selected speed” on
conventional displays.

The predicted airspeed indicator is intended to directly support decision making, i.e.,
increasing or decreasing trust to keep following the advised target speed. It is expected to offer better
protection of the minimum and maximum speed limits at all times.

Materials & Methods

To evaluate the proposed systems we carried out a series of simulator experiments with
professional airline pilots. The experiment protocol was approved in advance by the ethics
committees of JAXA and The University of Tokyo’s School of Engineering. Each subject provided
written informed consent before participating.

Primary Task

Subjects were asked to fly manual precision landing approaches to Tokyo Haneda airport
runway 34L in JAXA’s full flight simulator. The aircraft model was a generic model similar to the
Boeing 737. Motion simulation was turned off. All experiments starting trimmed and on glide slope
from 1400 or 2000ft altitude to 100ft altitude. Wind conditions were based on the longitudinal wind
components from the FAA windshear database (Switzer et al., 1993) with additional light random
turbulence. For the evaluation of the L-PSPD and L-TSPD the wind speeds were weakened to a level
where a continued landing was possible, but a decision to go-around would not be unrealistic either.

Trials

In the morning subjects were given time to familiarize with the simulator, the various
displays, and the various wind scenarios until they felt sufficiently familiar with them. They also
practiced several trials with the secondary task.

Experiment 1A in the afternoon tested 4 different display combinations: the conventional
display, and either or both the L-PSPD and L-TSPD display additions. All data except the secondary
task were measured.

Experiment 1B was the same as 1A, but with a different wind profile. In addition, subjects
performed the secondary task.
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Experiment 2 compared the L-PWS system with a reactive windshear warning system under
2 different wind scenarios. For these trials only simulator data and subjective evaluations were
recorded.

Some trials were duplicated to test for repeatability or by the subject’s request (in order to
develop a better basis for the subjective evaluation). After each experiment (1A, 1B, 2) the subjects
filled out the corresponding subjective evaluation questions, followed by a short break.

Participants

8 male subjects participated in this experiment. 7 of them were captain pilots from 2 major
Japanese airlines and 1 was a retired airline captain. The participants recruited through a contract
with the airlines on the basis that they had significant flight experience and were able to provide a
critical and detailed evaluation (e.g., have experience as instructor or examiner). The participants
were compensated for their travel expenses.

Measuring Equipment

The simulator states were logged at 16.67Hz. Eye-mark data (pupil diameter, gaze direction,
blink detection) was taken at 30Hz using the Takei TalkEyeL.ite. Electrocardiogram (ECG) data was
recorded at 256Hz using the ParamaTech EP-301. Brainwave data (electroencephalogram, EEG)
were recorded using the eMotiv EPOC+ at 128Hz.

In addition, a secondary task was administered in some of the trials. The task was a simple
choice response time task, where the subject had to press one of two buttons attached to the control
column depending on the change of either of two pictures displayed immediately left of the PFD
within the pilot’s peripheral field of view. The response time, error rate, and time-out rate were
recorded.

The subjective evaluations consisted of a checklist based on the FAR 25.1301 and FAR
25.1322 Human Factors Considerations and a questionnaire focusing on perceived workload,
situational awareness, and general usefulness or issues of each of the proposed systems.

Results
Experiment 1 (Conventional vs. L-PSPD vs. L-TSPS vs. LPSPD & L-TSPD)

Objective evaluation. Analysis of the simulator data showed that averaged deviations from
the target airspeed (root of the mean square error, RMSE) were smaller when the L-PSPD indicator
was present. This difference was significant at 5%-level compared to the conventional display and at
1% level compared to the L-TSPD only display. In particular deviations below the target airspeed
were smaller. The addition of the L-TSPD indicator, on the other hand, significantly raised the all-
time minimum airspeed throughout the trials. Also other flight performance parameters such as
minimum and maximum pitch angles, pitch rate, and glideslope deviations showed small
improvements, although differences did not reach the 5% significance level. In conclusion, the
combination of both indicators helps the pilot to effectively stabilize the aircraft and guarantee a safe
minimum airspeed.
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From the ECG data we calculated the heart rate, which can be interpreted as a measure of
arousal or stress, and an index of mental effort based on the heart rate variability (Vicente et al.,
1987). The average and maximum heart rates were slightly lower for the L-TSPD only display. The
mental effort, on the other hand, was slightly higher for the L-TSPD only display.

Mid-frontal brain wave activity in the theta band is said to correlate with the need for
cognitive control (Cavanagh & Frank, 2014). The order from high to low activity was the
conventional display, the L-TSPD, then the L-PSPD and finally the display with both L-PSPD and L-
TSPD. However, the differences were not statistically significant. A more detailed analysis per phase
(before wind, during wind, after simulation stop) may reveal clearer results, although the large
measurement noise will still remain a problem.

The response times in the secondary task similar for the conventional, L-PSPD only and L-
TPSD only displays, and only slightly slower for the display with both LPSPD and L-TSPD. For the
L-PSPD display there were no timeouts, but the number of mistakes increased. One explanation
could be that the subject sees the secondary task in his peripheral view when looking at the L-PSPD,
noticing all changes, but not taking more effort to carefully check it.

Subjective evaluation. Pilots ranked their subjective performance best and workload lowest
for the L-PSPD in Experiment 1A. In Experiment 1B with the secondary task and different wind
pattern, they found the L-TSPD and combined L-PSPD&L-TSPD displays equally good (with
slightly lower perceived workload for the combined display). They concluded that any of the newly
proposed displays would be a valuable addition to the conventional display during the landing
approach, although the preference among the new displays differed per person. Pilots commented
that the lack of future wind information in the conventional display case made them initiate a go-
around, and that knowing the wind changes ahead made it easier to control the airspeed.

Some subjects liked L-TSPD because it is simple. Others did not like it for the same reason:
they wanted more raw information (L-PSPD) and draw their own conclusions. In case of higher
workload (more difficult wind, additional tasks, etc.) these pilots would fall back on the L-TSPD,
therefore the combined system proved effective.

General comment. We found significant differences between Experiment 1A and 1B for a
number of physiological parameters (in particular the ECG related parameters), some flight
performance parameters, and the subjective evaluations. Unfortunately, the current experiment
design makes it impossible to know whether this was due to the different wind profile, the presence
of the secondary task, the fact that it was the second round of trials, or a combination of these.

Experiment 2 (L-PWS versus reactive wind shear warning system)

Objective evaluation. In this experiment no psychophysiological and secondary task data
were recorded. The objective (simulator) data showed highly significant flight performance
improvements when using the proposed L-PWS system (smaller airspeed and glideslope deviations,
lower pitch rates and sink rates, less extreme pitch angles, etc.). This is not surprising, since the Go-
Around is initiated much earlier (46s on average), before the large wind speed changes occur.

Subjective evaluation. Subjects indicated that the proposed L-PWS enables them to plan

ahead, and therefore reduced their workload. They noted it was compatible with the current radar
based PWS system (which would detect noting in clear air) with equivalent workload and equal or
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even better performance. The main point of criticism was that the size of the detected wind shear area
is narrow and therefore difficult to confirm on the ND. We believe this is partly mitigated by the
added “Estimated time of arrival (ETA)” indication which counts down the time in seconds until
wind shear. Since there is also no outside visual cues to confirm the existence of the wind shear (such
as a cloud front), a clear instruction manual and training will be needed (similar to for example the
Ground Proximity Warning System).

Conclusion

The proposed systems proved effective in supporting the pilot to maintain safe airspeeds and
generally resulting in more stabilized landing approaches or earlier go-around decisions. Additional
workload measurements did not indicate any problems, and may even be interpreted as showing
reduced workload in some cases.

Subjective comments were also positive. Pilots found the newly proposed systems useful and
reported lower workload because they were better able to plan ahead. There seem to be personal
differences in the preference for the L-PSPD and the L-TSPD. In some cases pilots reported
confusion when both were available, but overall the combined display proved best in both the
objective and subjective evaluations.
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NASA’s Safe Autonomous Systems Operations (SASO) project goal is to define and
safely enable all future airspace operations by justifiable and optimal autonomy for
advanced air, ground, and connected capabilities. This work showcases how Increasingly
Autonomous Systems (IAS) could create operational transformations beneficial to the
enhancement of civil aviation safety and efficiency. One such IAS under development is
the Traffic Data Manager (TDM). This concept is a prototype “intelligent party-line’
system that would declutter and parse out non-relevant air traffic, displaying only relevant
air traffic to the aircrew in a digital data communications (Data Comm) environment. As
an initial step, over 22,000 data points were gathered from 31 Airline Transport Pilots to
train the machine learning algorithms designed to mimic human experts and expertise. The
test collection used an analog of the Navigation Display. Pilots were asked to rate the
relevancy of the displayed traffic using an interactive tablet application. Pilots were also
asked to rank the order of importance of the information given, to better weight the
variables within the algorithm. They were also asked if the information given was enough
data, and more importantly the “right” data to best inform the algorithm. The paper will
describe the findings and their impact to the further development of the algorithm for TDM
and, in general, address the issue of how can we train supervised machine learning
algorithms, critical to increasingly autonomous systems, with the knowledge and expertise
of expert human pilots.

Air traffic within the National Airspace System (NAS) is ever-increasing and “although
humans today remain more capable than machines for many tasks, natural human capacities are
becoming increasingly mismatched to the enormous data volumes, processing capabilities, and
decision speeds that technologies offer or demand” (United States Air Force, 2010) Recognizing
these challenges, NASA’s Safe Autonomous Systems Operations (SASO) project’s objectives
are focused on developing technologies that enhance the safety and efficiency of civil aviation.
Increasingly Autonomous Systems (IAS) are one avenue that could prove vital in decreasing a
crew’s workload, while enhancing safety and efficiency during the NextGen and other possible
future airspace environments.

Utilizing IAS within the cockpit begins with understanding what an increasingly
autonomous system is and what technologies are needed to profoundly improve a flight crew’s
overall awareness while maintaining or even decreasing workload. Autonomy allows an agent,
human or machine, to act independently within a circumscribed set of goals; delegating
responsibility to the agent(s) to achieve the overall system objective(s). (National Research
Council, 2014). 1AS lie within the sophisticated progression of current automated systems
toward full autonomy. These systems, working together with humans, are expected to improve
the safety, reliability, costs and operational efficiency of civil aviation. Implementation of 1AS is
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imminent, which makes the development and proper performance of such technologies vital.
The challenge is to develop these human-autonomy teams/systems where the combination of
machine learning and human expertise exceeds the performance of either system alone.

To that end, an effort to develop cutting edge technology addressing an emerging
airspace need as well as to serve as an 1AS testbed for development and evaluation was created.
The Traffic Data Manager (TDM) is an application that parses and displays traffic of interest
while eliminating the clutter of insignificant surrounding traffic data. The application arises
from an optimized Data Comm environment end-state where operations will become “net-
centric” - as the transmittance of command, control, state, and intent information is passed
autonomously between computers (agents) for efficient operational coordination and execution.
Voice communication, between humans, will become non-existent as they can become a
bottleneck to capacities. Nonetheless, to provide requisite human oversight, awareness, and
intervention, an IAS is needed to effectively and concisely inform humans of “ownship-relevant”
information (traffic, intent, messaging) being passed within this net-centric environment. The
TDM application becomes an “intelligent party-line” process, only presenting (visual, aural, etc.)
the information that the human must know to maintain the requisite awareness for possible
subsequent action or intervention.

This technology relies on Machine Learning (ML) algorithms to parse all nearby traffic
data, displaying only relevant data to the pilot. The primary component of the system is the TDM
algorithm. TDM currently uses a supervised learning algorithm that relies on an Ensemble
Learning framework (DeCoursey, 2003; Hastie, Tibshirani, & Friedman, 2009) where there are
several methods for blending results into a very high-quality ensemble predictor. The
fundamental challenge of 1AS design and of this TDM application, in particular, is how to
capture human expertise and knowledge and then effectively implement this knowledge within a
machine learning architecture.

Data Collection Effort

Essential to the development of the machine learning algorithms was the collection of
data needed to train the algorithm. A Dynamic Air Traffic Application (D.A.T.A) was
developed and integrated into an EFB-like framework. Real-time flight data was randomly
assigned a latitude and longitude and placed within a range of 20 or 40 nautical miles from the
ownship. These data points were then displayed to the pilot in groups of 20, as shown in Figure
1a, and they were asked to rate the relevancy of the selected aircraft in relation to their own.
When an aircraft was selected, a box appeared in the lower left hand corner (enlarged to enable
viewing in Figure 1b) giving the selected aircraft’s identification, type, altitude, speed, heading
and vertical trend.
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Figure 1. D.A.T.A. Screenshots

Thirty-one pilots, all current or recently retired with an Airline Transport Pilot rating,
were asked to choose a relevancy (relevant, maybe relevant, or not relevant) for each selected
aircraft. This was repeated for each aircraft and each scenario. Each pilot saw 36 scenarios with
20 aircraft per scenario. Over 22,000 data points, with their selected relevancies, were collected
from the pilots to be used in training the TDM algorithm.

Training TDM

The TDM supervised learning algorithm was initially trained using 75% of the 22,000
data points. These data points consist of aircraft state data that the pilots considered important to
determining relevancy (i.e., course, heading, airspeed, altitude, range, bearing, etc.) as well as the
pilot reported relevancy of the aircraft to the ownship’s position. Testing was done with the
remaining 25%, with the pilot-reported relevancy removed. The relevancy determination is only
necessary to TDM in its training phase. Algorithm training took place using a MatLab Machine
Learning, Tree-Bagger ensemble. The algorithm utilizes an embedded supervised learning
algorithm to eliminate insignificant surrounding traffic, highlight traffic of interest or note, and
identify operational significance autonomously.

Further Considerations
At the end of data collection, pilots were asked which of the two, heading or range, being
the two salient parameters of the Navigation Display, was their primary consideration when

choosing an aircraft in the scenario. Twenty pilots (64.5%) stated that heading was the first thing
considered, while 11 pilots (35.5%) chose range. Pilot comments included:
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“Heading aspect is most important between these two options.
Also, altitude and trend are important considerations. Ultimately, if our
flight paths will cross, then I am more likely to be concerned with a
conflict, regardless of range.”

“Based on range, you could rule many out quickly, regardless of
climb/descent rate or speed. From there, the heading of the relevant
aircraft ultimately highlighted the aircraft that posed true threats.”

“Range was most important to those aircraft within several
thousand feet. However the factors of descending or climbing in regards
to heading are very important as well, making both very equal
considerations in regards to converging traffic.”

The pilots were also asked to rank order the importance of the secondary flight
information given in the inset box for each aircraft (choices: aircraft’s identification (ID), aircraft
type, altitude, speed, course, and vertical trend; ranking of 1 being most important; 6 being least
important). The results are shown in the box plot in Figure 2 showing the central tendency
(mean rating (circle) and median), 25" and 75" percentile by the box height, 1.5 times the
interquartile range by the whiskers, and asterisks denote outliers. Altitude was ranked of highest
importance by 22 pilots (71%). The rankings of course and vertical trend were not statistically
significant (T-Value = -1.19, P-Value = 0.245) enough to distinguish between a ranking of two
or three. However, pilots generally agreed that speed, aircraft type, and aircraft 1D were of lesser
importance with rankings of four, five and six, respectively. Eleven pilots were in agreement as
to a ranking order of: altitude, vertical trend, course, speed, aircraft type, and aircraft ID. This
left 20 pilots choosing another nine separate ranking orders.

6 % -
51 % —— ®
4+ ‘ ‘ & x
31 ®
&
&
2
$ ‘

1

Altitude Course Vertical Trend Speed Aircraft Type  Aircraft ID

Figure 2. Rank Ordering of Secondary Aircraft Information (1: Most Important)
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The pilots were asked to fill out a System Usability Scale (SUS) and ranked D.A.T.A.’s
usability at 85.75 (Best). The SUS uses a five-point Likert scale (from Strongly Agree to
Strongly Disagree) for a 10-item questionnaire. The scoring ranges from 0-100 and is seen as a
reliable measure of usability. (Brooke, 1996) Pilots were also encouraged to give additional
feedback of the system, if they wanted. Several pilots suggested the addition of ownship vertical
speed to the data collection application, as they find it an important component when deciding
relevancy. Others commented that knowing the selected aircraft’s final climb or descent altitude
would be helpful in determining the difference between “Maybe Relevant” and “Relevant/Not
Relevant” These suggestions will be addressed in future work.

Discussion

We have now collected over 22,000 data points, from 31 ATPs, of traffic state data
relative to ownship (i.e., altitude, course, range, bearing, speed) with pilot-derived relevancy
labels (Relevant, Maybe relevant, and Not Relevant) to ownship. In addition, we have pilot-
reported data on whether heading or range was the first consideration when choosing an aircraft
to select. Pilots also ranked the order to which they used the aircraft information given to them
when considering relevancy to ownship. After data collection, any discussion and additional
pilot comments were also captured. These data were used to train machine learning algorithms
that are designed to mimic human experts and their expertise. The detailed results of this work
are reported elsewhere (Houston, Le Vie, in press) but overall, the algorithms are showing
between 70% and 80% classification accuracy to the training. The results look promising, but not
without challenges. One challenge experienced was making sure the machine learning algorithm
was given not only enough data to train, test and learn from, but also enough of the “right” data.
Through talking with pilots, a better understanding was gained in how they used the aircraft state
data shown to make assumptions and predictions, which added extra information to their
decision making. This was critical information that had not been considered and was not being
provided to the machine learning algorithm. Having an expert walk through their decision-
making process and selection method was fundamental in making sure that all of the processes
that go into making a decision on whether an aircraft was relevant or not was captured and
included. This effort continues to be a work-in-progress and is being used as a learning platform
for the researchers to better gather this expertise in the future.

Future Work

This paper describes a data collection effort for training machine learning algorithms that
will determine traffic relevancy, as the first-step in developing an intelligent party-line
application and as a testbed for IAS development and evaluation. The TDM application is now
running, using these training data, and shows promise in creating an intelligent decluttering and
parsing agent.

The next immediate step is to assess the accuracy of the training data to the “expert” pilot
population in general. An algorithm may never perfectly match the relevancy rating of every
user. In fact, there is frequent disagreement among expert users about the “threat” of any
individual aircraft. (St. John, Smallman, Manes, Feher & Morrison, 2005) In a study of six
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teams evaluating a threat management display, the interest level of an aircraft was agreed upon
for only 41% of the aircraft. (Marshall, Christensen, & McAllister, 1996); Additional data
collection up-coming will assess this training data against a new pilot population and assess the
robustness of capturing expert pilot data for IAS development.

Future efforts will include real-time evaluation of the TDM algorithm performance and
its ability to accurately predict air traffic relevancy in reference to ownship, the latency of its
predictions, and its integration with other technologies being developed. As a learning/adaptive
system, the stability of the algorithm as it adapts to the environment and changes will be assessed
as this behavior may be a critical element in trust and human-autonomy teaming. Further, the
system will be used for metrics development and evaluation as a Data Comm environment tool,
assessing if relevancy changes as the operational context changes. The labels or markers for
relevancy will also be expanded to include contextual or communication markers such as airport
or runway identifiers, company names, routes of flight, etc.
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Sixteen students, who began with 0-20 flight hours, enrolled in an intensive, simulator
based, collegiate training program. They completed their training with fewer flight hours
than the US average: FAA Private Pilot within 4-6 weeks; instrument ratings in 3-4
weeks; Commercial within an average of 20 weeks and CFI ratings in an average of 40
weeks and all graduated with Bachelor’s degrees (ISAP, 2013). The students had met
selection criteria. At the time, indicators of success included variables associated with
simulator based training, camaraderie, shared learning and opportunities to reflect on
training. Four years later, 81% are now flying professionally: eight as flight instructors,
four as first officer airline pilots, one commercial pilot, and three employed elsewhere in
the aviation industry. This qualitative follow-up study suggests that initial, rapid learning
was neither shallow nor short-lived. Most are still friends. They became active alumni
and mentors for incoming flight students.

Simulator training for pilots is widely used and well regarded, particularly for advanced pilots, usually flying for
airlines (McLean, Lambeth, Mavin, 2016). In the U.S., the role of simulator based training (SBT) is used for training
ab initio pilots, but with varying times and methods (McLean et al., 2016). The reasons for inconsistent use of SBT
for beginner pilots are numerous, including regulatory, such as the limited time that the Federal Aviation
Administration (FAA) allows to be entered in pilots’ log books (14 CFR Part 61 or Part 141), or because the
protocols for this training and evidence of its effectiveness are still being examined (Goetz, Harrison, Voges, 2015).

Advantages of simulator training are well understood and include cost savings in terms of equipment requirements,
particularly as moderate fidelity of simulators can be almost as effective as high fidelity trainers; tuition can take
place regardless of weather or flying conditions; and that dangerous or unusual maneuvers can be taught without risk
to the people and equipment involved (Harris, 2011; Salas, Bowers, & Rhodenizer, 1998; Taylor et al., 1999).

Techniques for flight training and general comprehension of learning processes have been fruitfully explored with
the use of simulators. It is clear that certain scenarios, such as freezing a situation for detailed examination, can only
be created in a simulator. Cognitive process have been examined, including questions about how part-task training
can increase conceptual learning appropriate for complex situations (Dattel, Durso & Bedard, 2009); how procedural
memory is acquired (Koglbauer, Riesel & Braunsting, 2016); when positive transfer of skills occurs (Koglbauer et
al., 2016); and in situations where the level of expertise and the amount of detailed instruction do not correctly
match, then negative transfer of training occurs (Hsu, Gao, Liu & Sweller, 2015). Simulator training can easily
address a variety of styles of learning, such as conceptual, procedural, scenario, collaborative and individual styles
of training (Dattel, et al., 2009, Dattel, Kossuth, Sheehan, & Green, 2013).

Complex cognition and communication and management within the social and technical context of flying with a
crew or other actors in the aviation context have also been studied. In these more complex situations, scenario based
instruction to teach aeronautical judgement and decision making and crew resource management (CRM) has been
used in the simulators (FAA, 2008; Johnston, McDonald, and Fuller in Harris, 2011). It is important that pilots learn
to operate in a multi-engine, multi-crew environment. Pilots must learn how to operate multifaceted technology and
automation related to the aircraft, airport and airspace systems, and manage to fly in a complex, demanding and
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dynamic environment. Scenario centric training and SBT are complementary because the simultaneous demands of
complex operations can be taught. The social and psychological components of instruction and flying in the real
world, such as cognitive advancement of skills to manage flight operations, decision making, and ways to increase
motivation, create useful attitudes, or uncover gaps in comprehension, can — and should - be taught.

The effectiveness of SBT in comparison to conventional training in the aircraft is supported (McLean et al., 2016),
especially when specific cognitive processes such as those listed above are properly implemented. However, the
duration of simulator centric learning is hard to assess. Multiple and hard-to-control variables as well as expenses of
tracking pilots over time make duration questions difficult to test. Similarly, although cost savings because of
reduced time required for SBT is accepted (Goetz et al., 2015), the training’s longitudinal cost-effective benefits are
not well documented. In this qualitative cohort study, the effectiveness of SBT over time was explored.

A descriptive examination of the effectiveness of a simulator-based training program for pilots was conducted. Of
55 students of varying backgrounds, but mostly with limited flight experience, 16 enrolled in an intensive,
simulator-based flight training program. Within two years the remainder had enrolled in conventional collegiate
flight training, supplemented with some simulator training. The students in the intensive program completed their
FAA Private Pilot certificates in an average of 5 weeks (not including simulator time). Moreover, the intensive
program group earned their private pilot’s certificate in statistically significantly fewer hours (M=46.03) than the
conventional collegiate flight training group (M=76.06). The intensive group returned to conventional training and
completed their Commercial certificates in an average of 20 weeks and CFI qualifications in an average of 40
weeks. The potentially useful aspects of the intensive program are discussed, including type of training such as
intensive classroom, simulator and traditional in-aircraft instruction in addition to the psychosocial impacts of
camaraderie and shared learning experiences (Lubner, Dattel, Henneberry, & DeVivo 2105).

Aviation simulators have been a part of flight training since 1909, shortly after the Wright Brothers’ first

flights. The precursor to the modern aviation simulator, the Link Trainer, was developed as a cost effective and
efficient form of flight training that could improve instrument flying skills from the early days of flying and during
World War 11 (Wicks, 2003). When designed correctly, a training program that includes the appropriate use of
simulators will provide facets of instruction that may not be otherwise possible (Harris, 2011).

Simulator centric training (SCT) offers several advantages. Firstly, depending on the equipment used and scenario
being taught, costs can be significantly reduced when simulators instead of in-aircraft training are utilized. Capital
investment in aviation simulators is becoming increasing affordable because high fidelity simulation is not required
for positive transfer of training (Salas, Bowers, & Rhodenizer, 1998; Taylor et al., 1999). Secondly, overall training
time can be used more efficiently because simulator training can take place when inclement weather prohibits in-
aircraft training. Thirdly, many effective training scenarios can be created in a simulator. Learning objectives can be
implemented in a deliberate manner to ensure that all performance criteria are satisfied. Fourth, by freezing the
simulator during performance evaluation, deficiencies can be discussed as they occur. Full attention can be given to
the analysis without devoting the resources needed to fly the airplane.

Fifth, the simulator offers many opportunities for part-task training, where the instructor can break a complex task
into smaller parts so that the student can concentrate on mastering those and then re-incorporate the components into
the larger task (Dattel, Durso, & Bedard, 2009; Harris, 2011). By evaluating performance at the time of action,
flight instructors can better assess students’ conceptual understanding of situations when part-task training is
implemented. A greater conceptual understanding is particularly important for complex aviation maneuvers, non-
routine conditions, and situation awareness (Dattel, Durso, & Bedard, 2009). One example of part-task training is
allowing students to control the aircraft’s yoke while the instructor handles the task of using the throttle. Another
less commonly employed example is to have the student use only the throttle while the instructor operates the other
airplane controls. Performing these exercises in a simulator allows the additional and important opportunity to return
to the smaller building blocks making up those tasks, while engaging the student’s conceptual understanding of the
procedure. In this example, the simulator records the student’s actions, thereby allowing analysis and reflection of
each task component by the student and the instructor.

Sixth, by incorporating scenario-based training, students are able to develop mental models that permit them to hone
judgment and decision-making skills for a variety of situations (FAA, 2008). Other factors have been examined in
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relation to SBT. Complex skill sets, such as crew resource management, have been positively transferred in even the
most commonplace desktop simulators (Johnston, McDonald, and Fuller in Harris, 2011).

Comprehensive instruction in a simulator must use conceptual and procedural methodologies, both of which are
independent of simulator fidelity (Hawkins, 1997). Conceptual training is accomplished by using scenario-based
instruction as a part of the pilot’s decision making process. Scenario-based instruction also assists teaching other
skills, including traffic pattern operations. Simulator training can easily incorporate conceptual, procedural, scenario,
collaborative and individual styles of training (Dattel, et al., 2009, Dattel, Kossuth, Sheehan, & Green, 2013). While
flight simulators are generally considered an enhancement to the training process, a multi-factorial, instructional
model should be followed by instructors and program designers. Simulator training should avoid excessive reliance
on simulation-centric training. Certainly, individual instructor effectiveness is reported as necessary to ensure
positive and satisfying pilot training (AOPA, 2010). Cognitive, and possibly psychosocial variables related to the
students should also be included in a comprehensive flight training program. Several individual level variables have
been found to influence training outcomes before and during training, including motivation, self-efficacy and
attitudes (Alvarez, Salas, & Garofano, 2004). Scenario centric training should enhance SBT because scenarios
require use of social and psychological skills, such as collaboration, communication, decision making, develop
useful attitudes, ways to increase motivation, and address gaps in comprehension.

This qualitative paper describes the progress of three cohorts of Vaughn College sixteen students who participated in
a simulator based, intensive flight training program four years ago. These students began their flight by traveling to
the southwest US, stayed near a small airport and undertook a short duration, intensive simulator-based, ab initio
flight training program. Later, the students returned to New York and completed the remaining flight qualifications
required for their Bachelors’ degrees in Aircraft Operations. Back in New York, they followed conventional training
that offered some simulator practice. Lessons in New York were spaced over time and students had conventional
opportunities for group interactions. A larger group of students who were not selected for the intensive program had
remained in New York, where they had conventional flight training with some simulator practice too. In this follow-
up, qualitative study, the progress of the sixteen students who participated in the intensive SBT program is reported.
Questions are explored regarding the duration and efficiency of obtaining initial flight qualifications; predictors of
training effectiveness; motivators; and duration of knowledge and skills acquired during initial learning.

Method and Program Description
Four years ago, starting in January 2012, three cohorts, totaling sixteen students, participated in the intensive,
simulator based flight training program in the southwest United States. Each cohort of five to eight students traveled
and studied together, following an intensive, simulator based program. The students had to meet several criteria,
including having a G.P.A. of 3.0 or better, possessing an FAA Class 111 Medical Certificate, taken a demonstration
flight, successfully passed the FAA private pilot knowledge exam, obtained financial counseling and agreed to
remain substance free during the training period.

The students were expected to travel between the Texas and New York. In the Texas, they were to undergo intensive
SBT, then return to New York to complete their academic studies and finish their FAA flight qualifications (private,
instrument and commercial) as needed. The students stayed in the Texas for 4-6 weeks at a time, undergoing
training in simulators and aircraft six days per week. Students lived in a hotel and dined together. As the program
unfolded, the second cohort group could only travel to the Texas flight school twice — for private pilot and
instrument training. The third group only participated in the Texas, SBT for their private pilot training. The
conventional training in New York was conducted at a Part 141 flight school, located about an hour’s drive from
Vaughn College. By fall 2013, all students attended the conventional flight training at this Part 141 flight school.
Students had limited access to simulators at the flight school and at VVaughn College.

In February and March 2017, semi-structured interviews were conducted with the three cohorts of students. The
interviews were coded and examined for themes related to a priori questions of predictors of learning and impact on
careers. The authors met to discuss results and conclusions to ensure agreement of interpretations. This follows
accepted qualitative methods of analysis (Creswell, 2013). Outreach to each student included one to several contacts
by one or more of the program instructors and administrators. Most students expressed delighted willingness to
participate in the interviews, but two of the cohort members were not interviewed. One of the non-responders agreed
to the interview, but did not participate. The second did not respond to any of the contacts. Some information on the
progress of these two non-responders was obtained by looking up publicly available records, including the FAA
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airmen database, Linked-In and Facebook. The career paths of the two non-responders appear similar to those of
their cohort members’ paths (see below). The non-responder who did not participate in the interview obtained some
flight qualifications and is working at a local, large airport and has recently returned to flight training. The second
non-responder obtained flight qualifications up to ATP Instrument and two type ratings, and is flying as a first
officer for a regional airline.

Analyses
Fourteen interviews were completed (11 m, 3 f). All but two of the interviewees had obtained a bachelor’s
degree. Chosen undergraduate major was equal between aeronautical science and aircraft operations (See Figure 1).

Figure 1. Cohort’s undergraduate major:

The cohorts were interviewed about their experiences in the intense aircraft and simulator training. Private pilot
training, instrument training, and commercial pilot training were all conducted in both the airplane and the flight
simulator. Cohorts commented on their experience with the flight instruction, the mentor while training, their
experience with the full motion flight simulator, and how effective the training was in skill development and
knowledge retention. Cohorts were specifically asked about their experiences with their peers and the camaraderie
that developed. Finally, the cohorts were asked about if they felt like their career goals were met, and if they were
now mentors.

All cohorts seemed to be happy in their current position. Of the 12 interviewees who have obtained their BS, 11 are
currently employed in paid pilot positions (See Figure 2 for a breakdown of employment positions). All
interviewees said that their career goals have been met, or they were approaching their goals. One interviewee is on
a hiatus from obtaining additional flight licenses and ratings due to medical reasons.
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Figure 2. Employment positions:

Perception of instruction

Overall, the interviewees perceived the flight instruction as beneficial — better than they could have received at a
traditional flight training program. However, which aspects were most beneficial varied. Everyone seemed to like
the accessibility to practice on the flight simulator. As one interviewee commented, “24 hour access to the flight
simulator helped me really learn.” Another cohort admitted to not taking advantage of practicing in the flight
simulator until the end of the training period. Practicing scenarios in a flight simulator without supervision has the
potential for using improper flight skills that could lead to negative transfer. Some students commented that the
flight instructors were better in the simulator, while others commented that the flight instructors were better in the
airplane. Because the flight simulator was new to the instructors too, there may have been a learning curve that was
developing with the transition from teaching in the airplane to teaching in the simulator. The consensus from the
cohorts is that the flight simulator was most beneficial during the instrument training portion. One interviewee
commented that it was easier to ask the flight instructor a question in the flight simulator than it was in the airplane.
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Mentor
Having a mentor on site was considered a great advantage. The students felt that they could ask questions of the
mentor that they were not comfortable asking of the flight instructors. Selected comments about the mentor were:
“| felt that the mentor was my advocate”

e “Having the mentor there made me feel less nervous”

e “You need someone to give you insight”

o “Very knowledgeable. 1 felt like | could go back to my mentor for information”
Cohort as mentors
All but one of the interviewees said that they are now mentors. Being a mentor is not only rewarding, but the
interviewees recognize that they learned from being mentors. Selected comments about being a mentor included:

o “When teaching (as a CFI), | love to see a student’s progress. It’s magical!”
“Teaching others teaches you”
“I learned from teaching others”
“Mentoring helped me to use my knowledge”
“Teaching helps me to prepare and move forward”
“Mentoring provides a sense of satisfaction”

e “Mentees follow the lead of the mentor, so you have to always perform at your best”
Camaraderie
The most important aspect of the flight training program may be the camaraderie that was developed and how it
contributed to the learning. The students spent several months (in various time periods) thousands of miles from
their home university. For one student, the initial trip to the flight training program was the first experience flying
on a commercial flight. Although each member of a cohort may just have been an acquaintance at the onset of the
flight training program, they returned as lifelong friends.
Every interviewee stated that they still keep in contact with almost every person in their cohort. The cohorts
professed a range of benefits from the camaraderie, including able to share concerns, learn from another, or just to
socialize with a familiar friend who shares the same passion. One interviewee indicated meeting up with a cohort to
“practice flying together.” All interviewees claimed that the cohort helped facilitate their flight training. As one
student stated, “we can discuss and learn from each other,” while another student stated, “we share the same passion
and support each other.” Although the cohorts were supportive of each other, one did admit that “healthy
competition builds motivation.” Nonetheless, the one absolute consistency in the interviews was the interviewees
perceived the importance of the relationships that were developed in the cohorts.

Conclusion
In January 2012, Vaughn College, New York City, launched a flight training program in partnership with a new
training entity in Texas. Three cohorts of students participated over the next 18 months. While in Texas, these
students flew twice a day five to six days a week, had constant access to simulators and were encouraged to use
them to practice beyond their two flight lessons per day. The simulators provided ample opportunity to practice
their emerging skills, but could have provided greater assistance if the instructors had been trained in a teaching
pedagogy that provided reinforcement to flight lessons in a scenario-centric, structured and goal-oriented format.
Once students acquired a baseline of knowledge and skill, the simulators were more helpful to the training process.

As stated by several members of the group, this was an intense form of training that required commitment, focus and
a strong desire to achieve their goals. As demonstrated in the interviews, the aid of an on-site mentor, someone who
had been both a flight instructor and was a current commercial airline pilot, supported student learning by providing
additional information, advocacy and encouragement through the process. Another key finding is the role that
camaraderie played in further supporting learning in terms of flight knowledge, skills and in sustaining their passion
for flying. That sense of connectedness formed deep bonds between the students that have continued almost five
years later and continue to be a source of information, career advice and friendship.

As compared with conventional flight training, where students are not flying 10 to 12 times per week but possibly
one to three times a week, the advantage for these students was the ability to build flight skills in a focused

setting. However, several students stated that a real deepening and understanding of those skills did not occur until
they pursued their Certified Flight Instructor rating, which occurred in a conventional setting. This would seem to
indicate that while intensive training has a role, in the case of these students it may not have been appropriate for
every level of training. With roughly 67 % of the students currently flying as a profession and 100 % involved in the
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aviation industry, the results indicate that the program assisted students in achieving their goals. Finally, what cannot
be understated is the passion that these students brought to their training and continue to bring to their pursuit of
their goals in aviation. There was a sense across the interviews that the drive, commitment and focus required to fly
is transformative and produces a student who becomes a teacher, while always keeping a “student mindset” to stay
current and maintain their knowledge and skills.

In terms of further study, as part of the interviews students were also asked to rate their experiences on a Likert scale
which will be analyzed later by comparing students to each other and to students pursuing conventional flight
training. In terms of the simulator instruction, this study suggests that further work and training can be conducted to
develop objectives for each simulator lesson tied to the stated outcomes of a particular certificate or rating to deepen
learning and, potentially, reduce the learning in the aircraft. Additional study could be focused on the efficacy of that
work and its subsequent impact on student training.
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Introducing the element of surprise is one of the main challenges in simulator training of
in-flight emergencies. In this simulator study, we investigated the differences in
performance between predictable and surprising circumstances, in order to obtain insight
into the transfer of training between predictable training settings and surprising
circumstances in operational practice. This was done by testing twenty airline pilots who
recovered from an aerodynamic stall in two conditions: one anticipation condition and
one surprise condition. All pilots practiced beforehand using predictable, or non-
surprising scenarios. The results show that pilots had significantly more difficulties in
adhering to components of the FAA-commissioned recovery template in the surprise
condition compared to the anticipation condition. These results suggest that predictable
training may not be enough to prevent serious performance decrements under surprise.

As surprise and startle are considered to play an important role in a significant proportion of
airplane safety events, aviation authorities have mandated the introduction of surprise and/or startle in
upset prevention and recovery training (EASA, 2015; FAA, 2015). Both surprise and startle may occur in
response to unexpected events, although the former relates specifically to a cognitive mismatch between
new information and expectations (Meyer, Reisenzein & Schiitzwohl, 1997), while the latter refers to a
highly physiological, sudden increase in stress (Martin et al., 2015). In the case of surprise, solving the
cognitive mismatch (i.e., sensemaking) may be a mentally taxing and difficult task if one is unfamiliar
with similar situations. It may require an adaptation, or switch, of one’s cognitive “frame” (i.e.,
reframing; Rankin, Woltjer & Field, 2016). Frames are mental structures within which knowledge and
procedures are grouped, and through which information is processed and understood (Klein, Phillips,
Rall, & Peluso, 2007). Surprise is an indicator signaling that one’s presently active frame is unable to fit
with the emerging situation. This mismatch may cause the sensation of a loss of “grip” on the situation,
and the desire to explain and understand it. If the surprising situation is also startling or threatening, the
concomitant stress can be expected to impede the top-down, or goal-directed process of reframing
(Eysenck, Derakshan, Santos & Calvo, 2007), which may further impair one’s ability to respond quickly
and appropriately (Landman, Groen, Van Paassen, Bronkhorst & Mulder, submitted). In contrast, when
an upcoming event is anticipated, sensemaking can occur beforehand. The event is then immediately
understood and less stress-evoking, which facilitates a quick and appropriate response.
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It follows that if a procedure is only trained in highly anticipated conditions, the sensemaking
activities that would be needed to identify and understand the situation before the procedure can be
applied in operational practice, are never really practiced. The current simulator study aimed to test
whether performance on a learned recovery procedure indeed suffers in surprising compared to
anticipated conditions. In addition, the experiment aimed to test whether surprise can be used in simulator
training to provide more challenging and realistic scenarios.

Several simulator studies have been published in which the effect of surprise was tested on pilot
performance of learned procedures. One study (Schroeder, Birki-Cohen, Shikany, Gingras & Desrochers,
2014) showed that adherence to a recovery template suffered when pilots were unexpectedly exposed to a
previously practiced upset (aerodynamic stall). However, the experiment did not include a control
condition, in which the pilots’ performance was re-tested in a non-surprising scenario. Another relevant
study showed that response times were longer when a stall was pilot-initiated versus when it was
unannounced (Casner, Geven & Williams, 2013). However, this study did not include a detailed analysis
of performance. The current study adds to these previous studies by comparing the effect of surprise to
that of anticipation (manipulation check), while measuring several aspects of adherence to the recovery
template.

Method

Participants

Twenty male airline pilots participated in the study (mean age = 36.3 years, SD = 7.88; mean
flying experience: 12.4 years, SD = 5.05; 6986 flight hours, SD = 3804). Experience in operating
medium-size twinjet aircraft types was required. Eight pilots had mainly experience with the A330, five
with the B737, six with the E190 and one with the A320. All pilots were employed at the time of the
experiment, and had been on duty at least once in the week prior to the experiment. Five were currently
employed as captains, eleven as first officers and three as second officers. The pilots provided written
informed consent prior to participation and the ethics committee of the TNO Soesterberg research
institute approved the experiment.

Apparatus

The experiment was performed in the DESDEMONA flight simulator (manufactured by AMST
Systemtechnik), located at TNO Soesterberg. The cockpit mockup was styled after the Boeing 737NG,
and included the primary flight display, navigation display, engine-indicating and crew-alerting system,
and a partial mode control with flight director and autopilot mode controls. There was no overhead panel
or flight management system. Controls consisted of a yoke with control loading on pitch, rudder pedals
with rudder limiter, throttles and a stabilizer with electric trim. Flaps and speed brake were not used. The
aerodynamic model was derived from the SUPRA project (Groen et al., 2012), which extended the
aerodynamic envelope of transport category aircraft (e.g., Boeing 737NG, Airbus A321, into high angles
of attack.

Tasks and Conditions

Pilots were instructed beforehand that the simulator session would comprise two subsequent
sections of circa 20 minutes: one upset recovery section and one spatial disorientation section. They were
told that both sections were aimed at testing the simulator fidelity. In reality, the first section was used for
practice of stall recoveries, while the second section did not take place as described: it was made up to
manipulate the pilots’ expectation before the test conditions. Figure 1 displays an overview of the
experimental design. The order of the conditions was counterbalanced between pilots, and the two
resulting groups were analyzed as one.
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“The disorientation section starts now”

20 min. 20 min. 10 min. 10 min.
Group 1 Briefing Practice Anticipation Surprise
(n=10) condition condition
—-_--—'-
20 min. 20 min. 10 min. 10 min.
Group 2 Briefing Practice Surprise Anticipation
(n=10) condition condition

Figure 1. The experimental design, counterbalancing the two test conditions between two pilot groups.
The groups were added together for analysis.

Pilots received verbal instructions about the simulated aircraft model and the stall recovery
template as advised by the FAA (2015, p. 2. This involves the following steps: “1. Disconnect the
autopilot and autothrottle/autothrust systems. 2a. Apply nose down pitch control until impending stall
indications are eliminated. 2b. Use nose down pitch trim as needed. 3. Bank wings level. 4. Apply thrust
as needed. 5. Retract speed brakes or spoilers. 6. Return the aircraft to the desired flight path.” All pilots
indicated that they were familiar with these steps. The practice session, aimed at decreasing inter-
individual differences in skill level, consisted of the recovery of four different aircraft upsets and four
different aerodynamic stall events. All scenarios in this training session were presented in a highly
predictable and non-surprising manner, i.e., announced and explained beforehand. The final scenario of
these was repeated until the pilot was able to push down quickly and forcefully enough to avoid stick
shaker events, while also avoiding overspeed or excessive g-loads.

Unbeknownst to the pilot, the practice session transitioned into the testing section in which the
same aerodynamic stall was presented in a surprise condition and in an anticipation condition. Each test
condition was preceded and followed by three minutes of manual straight and level flight, with
autothrottle on, at 5,000 ft. and with 220 knots. In the anticipation condition, pilots were told beforehand
that the simulator operator would bring them into an aerodynamic stall when a certain landmark was
crossed. The stall was induced by creating a strong “tailwind” (decreasing the calibrated airspeed (CAS)
with 15 knots per second for five seconds), and by simultaneously adjusting the pitch trim up with 24
percent in 3 seconds time. None of the pilots reported afterwards that they were aware of any changes in
pitch trim. In the surprise condition, exactly the same stall event was induced about five seconds before
another landmark was crossed. In this case, however, pilots were instructed that the spatial disorientation
section of the experiment had started, and that they would have to do a climb-out above the landmark
while paying attention to any over-pitch sensation. In addition, their attention was taken away from the
display at the moment the stall was initiated, as they were asked to give a rating on a sickness scale
displayed to their lower right.

Outcome Variables

Flight parameters were logged from the simulator at a sample rate of 100 Hz. These flight
parameters were twice (forth and back) low-pass filtered using a 2™ order Butterworth filter with a cut-off
frequency of 2 Hz. A script was used to determine the moment of tailwind onset and the start of several
control actions in terms of autothrottle, trim, pitch, aileron and rudder control inputs. Since pitch was
continuously adjusted before stall onset, a deviation above 5 SD from the mean (taken from the preceding
period of straight and level flight) was determined to be a significant pitch control input. Using these data,
we checked whether pilots did or did not meet each of the four performance criteria (see, Table 1).

Table 1.

039



Description of the four measured performance criteria, with the corresponding FAA (2015, p. 2) recovery

template principles.

Corresponding

Variable FAA principle Description

C1. Disengage 1 Disengage the autothrottle at least 2.0 s before

autothrottle first significant yoke or pedal inputs.

C2. Start with pitch 2a,3 Give priority to pitch down control by starting the

down control recovery with pitch down control inputs. Strong
aileron inputs (> 50% of max) may not occur at
around the same moment (within 2.0 s) of pitch
down control to meet this criterion.

C3. Unload 2a, 6 Respond (within 2.0 s) to stick shaker events with

sufficiently significant pitch down control and maintain
significant pitch down control during stick shaker
activation. Or, apply sufficient pitch down control to
avoid any stick shaker events. Keep the aircraft
sufficiently unloaded until CAS increases in order to
avoid secondary stick shaker events. Stick shaker
events were defined as secondary if they occurred
subsequent to an earlier stick shaker event, or if they
occurred after the first unloading action, i.e.,
following the first peak of pitch down control.

C4. Apply pitch 2b Using the pitch trim to aid in pitch down control

down trim during the recovery.

Besides measuring adherence to the recovery template, we performed a manipulation check by
asking the pilots to rate their level of surprise caused by the tailwind on a 0-10 point Likert type scale.
This was done after both conditions had ended, so as to not cause suspicion about the goal of the

experiment in the second condition.

Statistical Analysis

The effect of Condition (anticipation or surprise) on the binary performance variables, i.e.
meeting the criteria, was tested using generalized estimating equations (GEE) models of logistic
regression. To protect against an overestimation of significant differences, the outcomes were corrected
using Holm’s sequential Bonferroni correction for multiple comparisons.

The effect of Condition on the pilots’ subjective level of surprise was tested with a paired-

samples T-test.

Results

Table 2 provides an overview of the statistical differences between conditions for each of the four
performance criteria that were measured. All differences are statistically significant, with effect sizes (d)
varying from medium to large in strength, i.e., in or above the range of 0.5 to 0.8. Despite the verbal
instructions beforehand, it seems that meeting the criteria in the anticipated condition was already quite

difficult, as the proportion of pilots who adhered to the criteria was around 50-80%. Nevertheless, in the
surprise condition the proportion of pilots who met the criteria decreased with 20-30%, and with 50% in
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the case of ‘start with pitch down control’. In sum, the surprise manipulation caused a significant decrease
in adherence to several aspects of the recovery template.

The manipulation check confirmed that surprise was significantly higher in the surprise condition,
8.44 points, SD = 1.50, than in the anticipation condition, 1.39 points, SD =2.00, A=7.06,t=12.35,p <
.001. This difference constituted a large effect size, i.e., Cohen’s d = 3.99.

Table 2.
Criteria met in the two conditions. Effect sizes (d) are calculated by transforming the odds ratio, i.e.
exp(B) from the GEE analysis, conform: Chinn (2000).

Anticipation Surprise N* Aa X2 p Cohen’s

(met/unmet) (met/unmet) d
C1: Disengage autothrottle
early 11/9 6/14 20 5% 510 .024 .69
C2: Start with pitch down
control 16/4 6/14 20 -10* 13.41 <.001 1.23°
C3: Unload sufficiently 10/10 5/15 20 5% 394 047  61°
C4: Use trim 9/11 3/117 20 -6* 7.07 .008 .85°

* Significant after Holm-Bonferonni correction.
Discussion

The results of this simulator experiment show that the unexpectedness of an simulated
aerodynamic stall effectively surprised the pilots, and negatively affected their recovery performance as
measured using four criteria derived from the FAA stall recovery template. Our results suggest that
significant decreases in adherence to learned procedures can be expected in operational practice compared
to predictable training conditions, which is in line with previous similar studies. Our control condition
shows that there is indeed a decrease in performance when pilots are surprised, thereby adding to the
study of Schroeder et al., 2014. Also, adding to the study of Casner, Geven and Williams, 2013, our
detailed measuring of performance indicates that several aspects of the recovery procedure were not
followed in the surprise condition, while our manipulation check suggests that this was caused by our
manipulation of surprise.

In the surprise condition, pilots were particularly more likely to incorrectly start their recovery
with aileron control inputs. Perhaps this was influenced by an increase in lateral instability (wing drop)
due to later responses in the surprise condition. Nevertheless, it suggests that ignoring a change in roll
angle and giving priority to pitch control (step 1 in the FAA template) may be highly counter-intuitive
and difficult to suppress, meaning that proper adherence to the FAA template in surprising situations may
be very difficult.

Overall, the results suggest that skills trained under predictive conditions may not transfer to
conditions containing an element of surprise. Hence, it may be useful to induce an element of surprise or
unpredictability when designing training methods, which allows pilots to practice with sensemaking and
switching frames and to increase their “cognitive flexibility” (Kochan, 2005). This conclusion is in line
with ICAQ’s recommendation for scenario-based recurrent training: “Wherever possible, consideration
should be given towards variations in the types of scenario, times of occurrences and types of occurrence,
so that pilots do not become overly familiar with repetitions of the same scenarios.” (2013, 11-1-5). By
practicing procedures under less predictable conditions, trainees learn to use the information presented by
the situation itself to identify problems, and to apply solutions. Indeed, in the training domain it has been
shown that experiencing examples of a concept in different contexts may strengthen the understanding
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(frame) relating to this concept and is thought to increase the trainee’s ability to apply the concept in
similar or novel situations (Van Merriénboer, 1997).
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Realer Than Real: The Quest for Immersive Realism in RPA Virtual Training
Matt J. Martin, Lt Col, USAF (ret)
L3 Link Simulation and Training
Arlington, TX

Aviation simulation, including that used for military aircrew training, has typically focused on
stick-and-rudder tasks. But while great strides have been made over the years in the fidelity of vir-
tual aviation environments, enterprise training efforts have lagged in areas of environmental im-
mersion (physical, social, cognitive, etc.). Specifically, more work is needed on aircrew interac-
tion with command and control, supporting ground units in near-pear scenarios, and building the
skills needed to maintain a high level of situational awareness in complex scenarios. This has of-
ten left practitioners in the position of having to rely on live-fly training and accumulated experi-
ence to fill in the gaps—even when that experience can only be gained during the actual employ-
ment of the weapons system with all of its associated risks.

Recent developments in Live-Virtual-Constructive (LVC) training, Distributed Mission Opera-
tions (DMO), and high-fidelity mission simulation could change that. Focusing on the USAF MQ-
1/9 training enterprise as a case study, this paper outlines the promise, potential, and reality of in-
tegrated RPA training.

Since the RQ-1 Predator first took flight to support military operations in Kosovo,
Irag, and other places, the public perception of remotely-piloted aircraft (RPA) has been
repeatedly quick to invoke the video game analogy. The common presumption is that the
experience of piloting an aircraft from thousands of miles away must obviously create a
sense of detachment such that the pilot experiences no physical, mental, or emotional
connection to the aircraft or to the players on the ground. This attitude can quickly lead
the layperson to the conclusion that the RPA pilot might have a cavalier approach to civil-
lan casualties or other tragic outcomes. What's more, the video game notion may lead one
to assume that training and cognitive skill is not a particular problem for RPA crews,
since the aircraft must employ a high level of automation with little human input.

However the experience of practitioners—now with over two millions hours
logged of combat time—has been the exact opposite. The massive expansion of military
RPA capability and capacity over the past 15 years has borne out the following conclu-
sions: that effective employment of RPA systems at the tactical level requires a high level
of physical, mental, and emotional engagement on behalf of the crew; that a certain set of
mental and physical skills must be well-developed for success, and that the ability to pro-
duce an immersive and complex training environment in order to reproduce the experi-
ence of operational employment has proven difficult using live-fly training and elusive in
the simulator.

This paper will focus on the third conclusion of the RPA employment experi-

ence—the need for a truly immersive and effective training experience. It will begin with
a review of the training approaches and practices used to date, discuss the various exper-
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iments to move the employment experience to the range and the sim, and suggest im-
provements to future of immersive virtual training for the military RPA enterprise.

From its inception, the RQ-1 Predator (which later took on the multi-role designa-
tion of 'MQ-1" after the addition of weapons and a combat laser), was unlike the pro-
curement of other Department of Defense major weapons systems. Initially acquired off-
the-shelf as an Advanced Concept Technology Demonstrator (ACTD), its development
and refinement over time took place in the midst of operational employment. In fact the
tactics needed to employ every major innovation—from the use of satellites for beyond-
line-of-sight (BLOS) operations, to the use of Hellfire missiles, to the global distribution
of video and data for intelligence exploitation, were developed and inculcated during
combat sorties (Whittle 2014). This meant that even crews employed these tactics in the
field, there was no codified set of tactics, techniques, and procedures (TTPSs) that could
be incorporated into a syllabus or training courseware for the expanding Initial Qualifica-
tion Training (IQT) effort. In fact even though Predator combat operations began in 1995
(Whittle 2014), there was no formal system of advanced tactics development, incorpora-
tion, and standardization until 2003 (McCurley 2015).

While a dedicated IQT forum was soon established in the form of the 11th Recon-
naissance Squadron schoolhouse at Indian Springs Auxiliary field, there was no figh-
fidelity simulator available until the acquisition of the L3 Predator Mission Aircrew
Training System in 2006 (L3 2006). Prior to the time there were part-task trainers that
allowed for familiarization and "switchology,"” but all mission training had to be done via
live-fly on the Nellis range subject to the normal challenges and attrition factors of live-
fly training such as weather, aircraft maintenance, and airspace availability (Colucci
2004).

During those live-fly events in the early days of the 11 RS, integrated mission
training was a rare event. The procedures for conducting multi-ship and dissimilar live
training had not yet been established. There was no formal system of identifying and
synchronizing training requirements between Predator crews and crews of manned air-
craft. And due to ongoing operations in Iraq and Afghanistan, there were no forward air
controllers or other complementary training audiences available conduct integrated train-
ing with Predator crews. It was therefore up to instructors to “role-play” these roles
while simultaneously performing instructor duties (McCurley 2015).

There was one integrated training event that was a regular feature of early MQ-1
IQT—Killer scout weekend (Martin 2010). Taking advantage of the training cycle of
various F-16 Air National Guard units, the instructor cadre at the 11RS were able to ar-
range quarterly—sometimes monthly—visits by F-16 aircraft to conduct the “Killer
Scout” Strike Coordination and Reconnaissance training events in the 1QT syllabus. In
this aerial interdiction scenario, MQ-1 students could locate targets on the range, conduct
“talk-one” to verbally guide the F-16 pilots to the targets, practice the integration and de-
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confliction techniques to conduct a coordinated attack, and then debrief those simulated
engagements after the mission alongside the F-16 pilot who had participated. These
events provided an invaluable opportunity for MQ-1 crews to work with other strike as-
sets prior to meeting them on real-world combat missions. Figure 1 below shows an op-
erational view of a typical MQ-1/F-16 killer scout training event.

F-16

< — = Aircrait Control
«“—> UHF Voice

Figure 1 — Early Live-Fly “Killer Scout Integrated Training Mission

But these types of integrated events were quite rare—as were all other types of
live tactical events in MQ-1 IQT training. In fact it was not uncommon for MQ-1 crews
to become qualified to fly in combat, transition to an operational squadron, began flying
missions, and then be called upon to employ live ordnance from another aircraft against
live targets, having never had the opportunity to perform a live weapons employment in
training. In fact, due to safety rules on the range and the lack of a high-fidelity training
system, many crews never even conduct the switch actuation in training (Martin 2010).

To help alleviate this lack of live integrated training opportunities, Air Combat
Command hired several companies since 2008 to act as live forward air controllers, range
targets, and stand-ins for live aircraft during IQT and Continuation Training Events. As
contractors, these role-players bring the advantage of having no training objectives of
their own. Likewise they can be dedicated to the RPA schoolhouse so that they are al-
ways available to insure all student crews have the opportunity to train with them. Since
the inception of this contracted, live, role-playing capability—while there have been
some limitations in capacity—every IQT crew has had the benefit of multiple tactical
training events with live controllers and love-role players prior to graduating from the
course. (Moore 2009)

With the advent of a high-fidelity simulator as part of the MQ-1/9 program of rec-
ord—which is designed and managed to provide a certified, software concurrent, and
technically realistic compliment to live-fly training—it became possible starting in 2010
to mirror this live role-playing capability in a virtual environment. The same contract
forward air controllers who supported live-fly events on the range were brought into the
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simulator to perform those same roles for virtual training events. This brought the ad-
vantage of not only expanding student exposure to live-quality integrated training, but
allowed for the transition of live-fly events into a virtual environment enabling savings in
cost and efficiency by reducing attrition due to weather, aircraft maintenance, and air-
space availability. It further allowed the inclusion of other operational elements in the
virtual space including command and control, intelligence, and blue forces, to immerse
the students in a highly-complex operational environment. Figure 2 below depicts an op-
erational view of integrated virtual training in the PMATS simulator via role-playing.
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Figure 2 — The PMATS Role-Playing Set-up for RPA 1QT

Beyond the intuitive, there is good data to back up the notion that virtual mission
elements, and virtual scenario players, which place realistic limitations on mission execu-
tion when transposed to the real world, would lead to the development of the same cogni-
tive skills that are importation to mission success in the real world. In fact, both the data
and the experience of practitioners show that training to develop skills related to judge-
ment, decision-making, and tactical leadership, can be trained to, and practiced in, a vir-
tual environment with a high degree of effectiveness. Training these types of skills in
simulators may be even more important than developing the physical stick-and-rudder
skills that are the focus of traditional flight simulators.

For example, numerous studies of medical students have shown that scenario-
based simulation training is superior to interactive problem-based training to develop crit-
ical assessment, coordinated team action, and management skills (Steadman et. al. 2006).
Likewise, in civilian aviation, the Federal Aviation Administration has long recognized
that scenario-based training is a far more effective way to develop judgement and deci-
sion-making skills among pilots than the old approach of focusing and physical aircraft
control skills. The FAA has also accepted the concept—and helped implement it within
commercial aviation—that pilots and crews can train entirely within simulators so long as
they are of sufficient fidelity and complexity (FAA 2014).
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The USAF has also moved more mission training into virtual environments, owing
to the rising costs and restraints of live-fly training using 4"- and 5"-generation aircraft
the shrinking size of the fleet, and the difficulty of reproducing sophisticated threats in a
live environment. Even premier large-force training events such as Red Flag and the
Weapons School integration phases, have relied more and more on virtual and construc-
tive elements to replicate the true complexity and sophistication of high-level conflicts.
This has allowed the integration of intelligence, cyber, and electronic warfare elements to
make live-fly training even more complex and challenging (Bultman 2017).

What would such an approach look like for the MQ-1/9 enterprise? For starters the
basic elements of software concurrency, accurate aeromodel, replication of malfunctions,
weather, imagery, and weapons effects have to be of the highest possible quality. Any
inaccuracy or “simism” will not just distract students from the realism of the scenario, but
has the danger of teaching contrary or negative skills.

With a realistic weapons system baseline, automated and manual mission tools can
be added such as command and control links, weaponeering tools, communications tools,
and a datalink picture that would replicate picture used by crews during operations. Inte-
gration of these tools are essential to train not just their operation, but to train the cogni-
tive skills of situational awareness, 3-diminension comprehension, attention and focus
management, and crew coordination.

Finally, there has to be a wealth of red, blue, green, and white forces available so
that students will be immersed in a truly complex mission environment. These can be
provided by live players in networked sims, automated entities, or white cell role-players.
The use of live players is particularly useful since it allows student to cooperatively, plan,
brief, and debrief training events in the same manner and with the same emotional poten-
cy of real-world operations.
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Figure 3—Total Integration for Virtual Training Events
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In conclusion, highly complex mission training for RPA crews has been long in the
making and is still not quite a reality. But based on the lessons of the past, both from
USAF experience employing the still-growing RPA force, and from other virtual training
applications, the goal can be achieved. And when virtual training is “realer than real,” the
RPA crew force can declare victory and focus on what really matters—the mission.
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TOWARD IDENTIFYING RISK IN OPERATIONAL PERFORMANCE OF ATC PROCEDURES

Paul Krois
Julia Pounds
Federal Aviation Administration
Washington, D.C.

Managing operational performance to reduce risk in the execution of air traffic control (ATC)
procedures depends on understanding human performance in relation to patterns established in
procedures. Procedures specify performance requirements meant to minimize unintended
variation that is outside expected performance criteria and tolerances. We define human
performance risk as unintended variation outside the envelope of applicable procedures.

Managing human performance to reduce risk in the execution of air traffic control (ATC) operations is
predicated, in part, on understanding the human performance prescribed by operational procedures. A procedure is
defined as “an established or official way of doing something”, and as “a series of actions conducted in a certain
order or manner” (Oxford Dictionary). Procedures specify requirements for how work is to be done. Procedures
represent the standard technique or techniques to be followed and applied each time a particular operation or
situation occurs.

Procedures are the cornerstone for a high reliability organization to provide safe services. Procedures
establish air navigation requirements such as for pilot-controller communications (e.g., phraseology), airspace
design, and airport arrival and departures. Similarly, procedures are critical to the Technical Operations workforce,
flight crew operations and aircraft maintenance.

Our goal for this paper is to propose an approach for identifying where risk is introduced in the human
performance of ATC procedures. This approach identifies unintended variation in execution and uses unintended
variation as an observable and measureable dependent variable.

In this approach, unintended variation in human performance can be considered a potential hazard to future
operations and can be characterized using available information and data. For example, information that has been
entered into voluntary safety reporting systems or recorded radar and voice data can be used to identify human
performance that varies from expectations given the procedural requirements.

Procedures represent management controls that specify how work is to be done and prescribe work using
the following dimensions:

o Either required (must be performed, i.e., steps in sequence) or discretionary (may be performed, i.e.,
judgment over which steps to perform)

Required management controls prescribe the steps of a process to be performed, e.g., the sequence
of steps for a procedure, how a decision support tool is to be used, etc. Discretionary management
controls pertain to situations where judgment is allowed and execution is optional. Judgment is
used to choose which steps are needed to best fit the operational situation.

e Either a standard (performance must meet a single point criterion) or a tolerance (performance must
be within a range).

Required management controls can stipulate that human performance must meet a particular
standard or that it must be completed within certain tolerances, e.g., based on altitude or distance.

e Either a process (how to perform an operation), an output (the result of an operation) or an outcome
(ensure safe separation).

Required management controls can establish a standard for an outcome from a process, such as
mitigating the risk of fatigue (outcome) as a result of shift scheduling (the minimum staffing
requirements per shift, minimum number of hours between shifts, etc.).
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Defining Unintended Variation

We discussed risk as unintended variation in more detail elsewhere (Davis and others, 2015, 2016). In
brief, unintended variation in human performance means that performance is outside approved management controls
for the procedure relative to any standard or criterion that human performance must meet. Unintended variation can
occur despite management controls established to constrain or prevent it. Procedures are developed to mitigate
unintended variation.

Human performance refers to “the performance of jobs, tasks, and activities by operational personnel —
individually and together” (EUROCONTROL/FAA, 2010). The relationship between these terms is that human
factors is the scientific discipline whose sole purpose is to enhance human performance, that is, human performance
can be ensured by applying human factors science.

Unintended variation can occur in operational processes, outputs, or outcomes. A procedure can be
specified as a process: a series of steps to be executed either in sequence or in parallel. Unintended variation is
introduced when a step is skipped (an error of omission), a unrelated step as added (an error of commission), or
steps are completed out of sequence.

Unintended variation can occur in the output or the outcome of the procedure or both. It may result, for
example, because of a unique operational context the procedure did not adequately address. This can produce a
result that is out of tolerance. In terms of human performance, this likely would be classified as a human error.

Common statements used by people to explain their actions can reveal unintended variation in a procedure
and responses to it:

e “l' wasn’t trained for this situation so my first thought was this situation looked like A so I did B and
expected it to work,”
o “l expected X but the situation turned out to be Y. I hadn’t seen Y before so | did what | always do for

X and expected it would work,” and
e “When a situation like this occurs | know from experience that | can take a shortcut and get the
expected result.”

Defining risk as unintended variation is different from the traditional approach to defining risk that uses
consequence and likelihood, or probabilities. Use of probabilistic human reliability analysis to assess human
performance failure in aviation has proven to be difficult.

ATC Procedures

There are two key FAA Orders that contain operational ATC procedures, Order 7110.65 and Order 7210.3.
From time to time these procedures are updated to accommodate changes and introduction of new procedures.
Updates are currently denoted with a suffix letter and previously with a change number.

FAA Order 7110.65W (change 2 effective December 10, 2015), Air Traffic Control — This Order
documents the ATC procedures and phraseology required to be used by controllers who have the necessary expertise
as it pertains to their operational responsibilities, e.g., en route or terminal. Controllers are required to exercise their
best judgment if they encounter situations not covered by it. The Order covers all aspects of ATC operations
including flight plans and flight progress strips, communications, terminal procedures, Instrument Flight Rules (IFR),
radar and nonradar procedures, visual operations, offshore/oceanic procedures, special flights, emergencies, and
decision support tools.

FAA Order 7110.65W is 784 pages in length. The Order was first published on January 1, 1976. When
Order 71110.65, Change 7, became effective (July 1, 1977) it was 343 pages in length. Comparison between the
1977 and current versions provides some general observations, as follows:
e The 1977 version was organized so as to contain 1,773 numbered procedures.
e There are paragraphs in the 1977 version that no longer appear in the current version, e.g., removing
procedures associated with ATC software capabilities that have been replaced by new systems.
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e The 2015 version added numerous procedures for new operations and capabilities such as related to
wake turbulence applications (for aircraft category, intersection departures, and intersecting
runway/intersecting flight path operations).

The current FAA Order 7210.3Z (effective December 10, 2015, change 2 effective November 10, 2016),
Facility Operation and Administration — The order contains direction and guidance for everyday operations of
facilities and offices. The order currently spans 628 pages. Topics include familiarization/currency requirements
for en route, terminal, and system operations facilities, watch coverage and supervision, national automation
programs, flight service stations, and the traffic management system.

Other procedures pertain to various aspects of the National Airspace System (NAS). FAA Order 3120.4P
(effective December 10, 2015), Air Traffic Technical Training — The order has instructions, standards, and guidance
for training. The order addresses Academy qualification training, on the job training (OJT) for position certification,
training of OJT instructors, and controller-in-charge training.

Additional FAA Orders address topics important to the NAS including contractions (7340.2), flight
services (7110.10), location identifiers (7350.9), airspace (7400.2), Notices to Airmen or NOTAM (7930.2), special
military operations (7610.4), traffic counting for determining facility classification levels (7210.57), the voluntary
safety report program (7200.20), and occurrence reporting (7210.632).

Required and Discretionary Procedures

Procedures specify required and discretionary actions for what is intended for a particular operational
situation. Required procedures prescribe that when a particular situation occurs there are certain actions that must
be taken. Discretionary procedures recognize there is more than one course of action that can be taken. With
discretionary procedures, there can be more than one pattern that is expected to occur. Discretionary management
controls typically use such phrases as “the operator may discontinue the alerts if ...” and “the documentation should
include ...” compared to required management controls indicated by such phrases as “the operator must discontinue
the alerts if ...” and “the documentation must include ...” Discretionary procedures allow use of judgment to select
the action to be taken.

Both required and discretionary procedures place limits on the actions so the pattern is predictable and
consistent. By specifying the actions to be taken and any tolerances that are permitted, procedures intend to
eliminate the potential for errors of omission (e.g., leaving a step out of the procedure) or commission (e.g., adding a
unexpected step in the procedure), or that no action will be taken. The difference between required and
discretionary procedures is shown in Table 1.

Table 1.
Comparison of required and discretionary procedures

Required Procedure Discretionary Procedure
Performance Within Performance fits within one permitted  Performance fits within one of multiple
Tolerance pattern permitted patterns
Performance Outside Performance does not fit the one Performance does not fit within any permitted
Tolerance permitted pattern pattern

Changes to procedures occur such as when new procedures are developed for changes to existing or
implementation of new NAS capabilities. New procedures are developed in response to the emergence of
operational conditions or situations not addressed in current procedures. New procedures can also be developed in
relation to the occurrence of safety-related operational conditions.

Procedures are sometimes executed through use of control techniques. For purposes of this paper, control
techniques are defined as local facility methods for executing procedures contained in FAA Order 7110.65. With
control techniques, procedure steps are aligned with local agreements, airspace design, local software adaptation,
and other potential considerations. The patterns expected with required and discretionary management controls in
7110.65 extend to the patterns provided by control techniques.
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There are numerous ways human performance can involve unintended variation. Bias in decision making
can interfere with correct identification of patterns such as through expectation bias, confirmation bias, association
bias, frequency bias, and coincidence bias. These types of bias can change performance that goes outside of
tolerance. During multi-tasking, attention shifts back and forth among tasks allowing unintended variation to occur.
As attention shifts between tasks the potential for errors of omission and commission can increase. Unintended
variation can result from tunnel vision in which attention is focused on a particular situation and other situations are
not addressed according to procedures. Distractions detract from fully recognizing an operational situation and
determining the appropriate procedure. Training intends to build knowledge and skills for consistent problem
solving in applying the right procedures to operational situations.

Patterns of Variation

Conceptually, human factors studies examine patterns in operational performance and assess changes to
these patterns from unintended variation. Patterns are established through procedures, airspace design, traffic flows,
training, equipment design, staffing, and other human factors considerations. Patterns are measured through
laboratory and field studies that show how advanced concepts and new capabilities intersect with human capabilities
and limitations. Required and discretionary procedures define the steps to be followed so that patterns are
maintained. Recognizing and establishing patterns within a system can provide predictability and insight into the
relationship between performance and tolerance.

Examples demonstrate how unintended variation from procedures can occur. These examples include that
facilities may show differences in use of new capabilities. Facilities may also show differences in operational
practices. Controllers may use new capabilities when discretionary procedures permit judgment on how those
capabilities are used.

Unintended variation with use of a new capability was demonstrated with initial implementation of the
User Request Evaluation Tool (URET) at three facilities (Bolic & Hansen, 2005). Discretionary procedures
permitted facilities to adopt its use during implementation. For example, one facility had a discretionary procedure
that when both the Radar and Data controllers were trained on URET, they could use the tool and disregard paper
strips. These facilities had been using URET prototypes for different numbers of year. Training on URET across
facilities ranged from 36 to about 70 hours. Qualitative data were collected at each facility using exploratory open-
ended interviews with Subject Matter Experts. Results showed that different sector teams used URET in different
ways and in many instances URET usage differed from what was intended. The three facilities used URET display
functions for electronic flight strips to replace paper strips and the associated manual workload from handling the
paper strips. Two facilities found amending routes was useful when severe weather occurred. A key finding was
that facilities developed their own control practices in relation to unique operational conditions. Discretionary
procedures permitted this variation.

Variation in operational performance was shown through past ATO research trials of the Normal
Operations Safety Survey (NOSS). NOSS is an observational technique for collecting safety data in everyday ATC
operations. Controllers volunteered and were trained on conducting sector position observations and classifying data.
Controllers also participated in aggregating data at the facility level. NOSS uses the threat and error management
taxonomy to classify observations of external threats to the controller, errors the controller may make, and
mismanaged threats and errors that may challenge safe operations. An example of unintended variation was
demonstrated involving the Transfer of Position Responsibility (TPR). TPR involved a step-by-step process with
controllers following a checklist in which the Relieving Specialist previewed the position, the Specialist Being
Relieved provided a verbal briefing, and the two Specialists completed the assumption of position responsibility
(reviewing the position including signing in and checking information and equipment). TPR data were collected at
two facilities over a standardized one-hour observation period. As shown in Table 2, the two facilities varied in
completing the TPR checklist. Unintended variation occurred when required management controls were not
followed. At the time research was conducted with NOSS, data showed unintended variation occurred both at the
individual controller level and at different frequencies across facilities. At Facility A, many instances of the TPR
checklist not used and not completed were associated with airspace having seasonal effects with low traffic counts.
By the time Facility B trialed NOSS, the ATO was using a challenge and response technique to reduce TPR
checklist not used and incomplete checklist use. Also, controllers memorize the TPR checklist through repeated use
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and not manually refer to a printed checklist. It is important to note NOSS data showed that none of the unintended
variation with TPR involved unsafe conditions. Also, NOSS research did not evaluate individual controller
performance but rather intended to examine patterns of operational performance.

Table 2.

NOSS trends for Transfer of Position Responsibility

Facility Total One-Hour Number of TPRs Checklist Not Used Checklist Not
Observations Completed

A 90 96 47% 10%

B 147 220 10% 4%

Unintended variation has been examined in the laboratory with use of new capabilities. Kraut and others
(AIAA, 2013) conducted a simulation studying how controllers applied a route planning tool to manage arrival
traffic. Controllers used discretion to begin aircraft descent from cruise altitude before handing off the aircraft to a
low altitude sector. A primary goal was to deliver aircraft to the meter fix within a parameter time of the scheduled
time while maintaining standard separation. Results showed controllers used the tools and automation in both
strategically and tactically different ways and this diverged further during high traffic demand situations. For
example, when demand increased, some controllers deferred to manual control because it resulted in quicker action
than the strategy of using the route planning tool. A conclusion from this paper was that tool designers should be
concerned with how and when tools will be used and the training needed for their use.

Studies of advanced concepts and new capabilities often focus on assessing system benefits compared to
baseline operational conditions. Unintended variation can be a useful perspective to examine how performance may
vary from intended use with consequent limitations on intended benefits.

Future Directions

In the future, specific methods should be developed to more closely examine when and where unintended
variation occurs and the circumstances associated with it. Once identified, the effects of unintended variation on
operations can be examined and better understood. Methods could include use of radar and voice tapes, and
systematic observation of ATC operations.

Patterns in unintended variation can also be examined in use of advanced capabilities. For example,
simulation studies could assess patterns and variance in operational performance using within subjects experimental
designs. Also, training and human-centric design of ATC automation should be examined for their effect on
mitigating unintended variation.

Key challenges that can be addressed include whether and how unintended variation in operational
performance can be identified. This includes whether unintended variation in operational performance would be
minimized by limiting use of discretionary procedures. Another challenge is whether differences in control
techniques for the same procedure can lead to unintended variation.

In a laboratory setting, safety is sometimes considered and measured using such measures as losses of
separation, controller ratings, and anecdotal evidence. In contrast, examining variation in human performance
provides increased understanding and insight into unintended variation and how it influences safety in the design
and use of prototype capabilities. Consistency and predictability of ATC operations can be complicated by
individual control techniques for executing a procedure. That is, a controller may adapt a control technique they
have used successfully many times before to a new capability even if that technique is not well suited to the
capability and operational condition. This can introduce unintended variation and may result in performance outside
tolerances for that procedure.

Conclusion
Unintended variation must be identified before it can be managed. The evidence for recognizing

unintended variation can be derived through field and laboratory measurements. Unintended variation acts as a
marker of performance risk. Establishing management controls for required performance in executing an operational
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procedure creates shared expectations of consistent and predictable performance. Management controls keep human
performance within expected performance tolerances.

This paper proposes to use the concept of unintended variation to better understand risks to NAS safety.
Unintended variation in human performance can create risk to the safety of NAS operations. Examples of three
areas were provided where unintended variation in human performance creates potential for risk. Further work is
needed to develop and validate measures as indications of human performance risk.

In future studies, researchers and engineers should consider methods to identify unintended variation in
human performance and its relationship to operational processes and outcomes. As a result of this approach,
implications for training and human-centric design of ATC automation can be identified along with potential risks in
system design.
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OPERATIONALIZING THE DEFINITION OF RISK AS VARIABILITY!

Julia Pounds', Paul Krois?, Barry C. Davis' and Melissa Wishy*
LAir Traffic Safety Oversight Service
“NextGen Human Factors Division
Federal Aviation Administration?
Washington, DC

Maintaining safety requires acknowledging risk. However, one’s definition of risk
can depend on whether the word is being used in everyday conversation or by
safety practitioners or by domain experts. Not having a commonly agreed-upon
definition poses problems for those charged with identifying, reducing, and
communicating about risk. In an effort to standardize the definition, the
International Organization for Standardization defined risk simply as the effect of
uncertainty on objectives. Still, this general definition lacks enough specificity to
describe uncertainty’s positive or negative effects. Relevant information can
reduce uncertainty’s potential effects if it’s not ambiguous, unreliable,
incomplete, or unavailable.

The global aviation community strives to continually increase the level of safety and relies on a
highly procedural system of systems to maintain flight safety.Rules and regulations for all
airspace users specify procedures for executing safe operations. For example, specific words
distinguish required performance: must, must not, shall, shall not.' For example, “At tower-
controlled airports where radar coverage does not exist to within 1/2 mile of the end of the
runway, arriving aircraft must be informed when radar service is terminated” (FAA, 2012). This
mandatory procedure is executed to reduce risk. If 10 out of 100 arriving aircraft are not
informed, then there is variation from the required standard.

Maintaining safety requires acknowledging risk. However, “risk” is used as a very plastic
concept. One’s definition can depend on whether the word is being used in everyday
conversation or by safety practitioners or by statistical experts. Not having a generally agreed-
upon definition can pose problems for those charged with identifying, reducing, and
communicating about risk. As either noun or verb, it can be used to characterize a variety of
situations. Aviation safety professionals seem to have developed an unspoken requirement to use
“risk” concepts in every document.

Variability and Risk

In aviation, risk characterizes a future when consequences are unknown. “In general, risk
considers uncertain and undesired future occurrences and it is typically assessed by combining
probability and severity levels of future occurrences. Note that there is no risk involved in
runway incursion events as such, since they did occur and their consequences are known”
(Stroeve, S., van Doorn, B., Bakker, B., & Som, P. 2015).

The opinions expressed in this paper are those of the authors and do not reflect FAA policies or positions.
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Efforts to identify future safety risks typically rely on stochastic methods but the complexity of
situations may disguise risk, making its prediction difficult. Jaeger (2000) proposed that
prediction methods may reveal financial risk but not describe the nature of it and too much
reliance on quantitative forecasting tools can lead to trouble. For example, financial risk
industries predict price volatility but risk is uncertainty, not volatility. Jaeger believed that
difficulty measuring risk could lead to improvements in one’s ability to manage risk. To
quantitatively oriented financial experts, variance is a commonly used substitute for risk. (Chang,
Lin, & Zhu, 2008).

“Given the ubiquity of risk in almost every human activity, it is surprising how little consensus
there is about how to define risk” (Damodaran, A. 2008). In an effort to standardize the
definition, the International Organization for Standardization (ISO) defined risk simply as the
effect of uncertainty on objectives (ISO 31000, 2009; 1SO Guide 73). Uncertainty is generally
viewed as undesirable vagueness, or ambiguity, that is unintended and to be avoided. An
overview how uncertainty relates to variability was discussed in Davis et al, (2015).

We discuss variability as a simple solution for the complex problem of defining, identifying,
measuring and mitigating safety risks by defining risk as unintended variation. This can be
operationally useful when defined using recognized indicators of deviation from a standard. We
hypothesize that safety can be supported by recoginzing and reducing sources of unintended
variation.

Rather than trying to forecast potential adverse events, a method we examine to address these
considerations is to re-conceptualize uncertainty, risk and outcome in terms of variability. We
are examining methods from other areas as means to operationalize, measure, and mitigate
current safety hazards. Early detection and mitigation of hazards can block risk in future
operations.

Variability and Safety Controls

The concept of variability is not new. This definition can be tested using methods to measure
variance that are familiar to most safety professionals. Reducing variation is a standard
manufacturing tool for improving consistency in production. However, to our knowledge it has
not been used to re-conceptualize uncertainty. This definition can be tested using methods to
measure variance that are familiar to most safety professionals using frequencies distributions.
We don’t presume that this is a predictive, stochastic method for forecasting outcome, only that
it is a way of identifying deviation from an expected standard.

Safety compliance with the appropriate standards is required to control known risks.

e Variability that is known to the controlling organization and permitted is classified as
“intended” and thus is an acceptable uncertainty that the controlling organization has
judged does not need to be controlled.

e Variability that is known to the controlling organization and not permitted is classified as
“unintended” and thus is unacceptable uncertainty that the controlling organization has
judged needs to be controlled.
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Risk management with appropriate mitigations in place as controls is needed to control unknown
risks.

e Variability that is unknown to the controlling organization but could be present is
classified as “unintended but discoverable.” Because it is unknown to the controlling
organization, it is classified as “unintended.”

e Variability that is unknown to the controlling organization and cannot be imagined is
classified as “unintended and unimagined.” This type is difficult to discover and control,
if needed, because it is unimagined.

By using present variability instead of estimated future states, this approach can describe how
and when known and unknown variability occurs, whether it is intended or unintended, what
influences it, whether a mitigation reduces it, etc. In short, using this approach can provide an
objective method for managers of safety organizations in government and industry to address the
present potential for future risk by recognizing the hazard of unintended variability.

To explore the implications of this, we used the metaphor of an iceberg metaphor, with intended
safe outcomes at its top (Figure 1). Whatever the desired performance (e.g., an accurately
executed procedure), the organization’s safety controls can reduce variability and increase the
potential of a process achieving its intended outcome (i.e., to maintain separation) or objective
(e.g., safety). Moreover, any practitioner will recognize that there are situations when variability
occurs as expected; but in some cases, variability occurs and is unexpected.

Safe
Outcomes
VAN
VAR
- / \
/ \
Safety Compliance ,f'"f \
Uses Controls for == \
Known Variation .. f A ..
Intended Variation Unintended Variation
- Known and Peﬁ}l{ﬁﬁd- - K\J-{cnwn but not permitted.

Risk Management
Uses to Control for
Unknown Variation

Unintended Variation
- Unknown but discoverable.

Unintended Variation

n - Unknown and unimagined.

Figure 1. Types of intended and unintended variation in safety compliance and risk management.
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This approach can be used to recognize how and when variability occurs, what influences it, if a
mitigation is effective in reducing it, etc. In short, using this approach provides an objective,
measurable method for safety practitioners to address potential risk.
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COGNITIVE CONSTRAINTS FOR AUTOMATION ON FLIGHT TESTING

Diogo Silva Castilho
Massachusetts Institute of Technology
Boston - MA

The first flight of a new aircraft is still a dangerous event. Despite all simulations
and software predictions, test pilots face many unknowns when a prototype leaves
the ground for the first time. The cultural celebration of first flights masks the
concerns of many stakeholders about the technical challenges of the new
equipment. The pilot extensively prepares to react properly to unexpected
situations and often bring a new story to tell, but in a time when remotely piloted
and autonomous aircraft fly every day, the question about how to use their
technologies to save a test pilot life arises. This study investigates the technical
advantages of using specific autopilot modes and remote or autonomous controls.
It also discusses the disadvantages of relying on airborne sensors instead of using
pilots cognitive capabilities and judgment. The analysis on the data collected by
students in a Flight Testing Course supports that there are clear advantages of the
suggested new approach. The control stick input technique to explore the
longitudinal stability of an aircraft is used as an example of human limitations on
measuring quantitative variables. The results are extended to the critical phases of
the campaign and the analysis points to new safety constraints that cannot be
ignored.

Humans and machines progressively share the control of numerous vehicles and this
symbiosis has reached a level of maturity that makes it a main topic of research. Aviation
pioneered the use of automation for decades, but human pilots are still manually controlling
aircraft in dangerous and precise situations.

Despite the fact that machines execute many tasks more precisely and faster than humans,
according to Fitts List, humans are more versatile, innovative and better for error correction and
judgment (de Winter and Dodou, 2014). Automation is not able to autonomously support
strategies to manage complexity, anticipate the dynamics of cross-adaptive processes or to deal
with tradeoffs and dilemmas (Woods and Sarter, 2000). However, as algorithms become more
reliable and versatile, increases on the levels of automation in flight controls happen through
improvements on autopilots modes.

The activity of Flight Testing (FT) must safely verify the accomplishment of
requirements and validate the product for certification. If automation can reduce costs, time of
development, or make it safer, then manufacturers must explore related technologies using new
devices and techniques.

FT campaigns of fixed-wing aircraft designed to be piloted by humans can improve the
use of automation in two different ways. The first is a human-machine partnership providing a
more efficient investigation of aircraft characteristics with inputs precise in timing, frequency,
and amplitude. The second is the remote operation of the aircraft to execute dangerous test
events.
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The Benefit of Precision

Handling qualities (HQ) events test for longitudinal and latero-directional stabilities. The
FT crew measures the natural frequency of an aircraft oscillation and the damping after an input
on that axis (IPEV, 2015). Test pilots are trained to investigate many different frequencies and
amplitudes on each axis trying to induce a pilot-aircraft coupling. If it ever happens, it causes
changes in the design or reduced operational limits.

An analysis of data collected during the 2016 Brazilian FT Course, focusing on the
technique applied to the excitation of the Short Period mode, proved that automation would
provide a more efficient investigation of the handling qualities than traditional methods. There
are several different techniques to investigate the Short Period. All of them have an input
followed by the observation of the aircraft’s reaction.

Figure 1 shows the stick input followed by the natural response of the aircraft in angle of
attack (AoA) and pitch angle. The first input that the pilot provided is a frequency sweep
followed by multiple short duration inputs to investigate the Short Period. In this sweep, the pilot
starts cycling the control stick longitudinally in a low frequency while maintaining a relatively
constant altitude (+/-20ft) and air speed (+/-2kt). For doublet applications, the pilot memorizes
the frequency in which reactions have more amplitude. The two inputs before 100s in the x-axis
of figure 1 are longitudinal doublets.
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Figure 1. Recorded flight data of short period test events

The pilot performs the first doublet at a small amplitude to avoid exceeding load factor
limits. If the response in pitch is safe, i.e., not resulting in pilot-aircraft coupling, the next must
have more amplitude, but with the same frequency.

Flight test engineers analyze the relation between the input on the flight stick and the
reaction of the aircraft to build aerodynamic models of the aircraft considering the technique
applied by the pilot as standard. The same issues observed in this analysis happen directionally
for the investigation of the Dutch Roll.
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The data was collected from the flights of three pilots. As a result of training, in theory,
there should be only a small variation in input frequency among them. However, pilots applied
doublets with frequencies varying from 0.45 to 1.25Hz and this variability on the input, just after
the frequency sweep, leads to uncertain conclusions made by engineers. The analysis of pilot’s
inputs showed a cognitive pattern as they all have a similar but wide spread in input frequencies.
This proved that it is incorrect to assume that the test pilot input frequency is always precise.
When the precision of input is critical, a specific autopilot mode could provide inputs on a flying
stick or yoke that are precise in amplitude and frequency. It would eliminate the uncertainties
and characterize the response of the aircraft more efficiently. Other phases of FT campaigns
could also take advantage of the precision provided by automation, including fixed decelerations
for stall (e.g.: 1 kt/s) and windup turns (e.g.: dg/dt = 1g every 5s).

Merging the natural advantages of humans and machines in a cockpit, in 2016, Aurora
Flight Sciences developed for DARPA a concept program called ALIAS (Aircrew Labor In-
Cockpit Automation System). This system has portable hardware and software that can be
configured in less than one month to operate any different type of aircraft. The goal of this
system is to reduce crew requirements by the robot replacing the copilot in the right seat. The
machine reads the gauges using machine vision and its arms operate the yoke and the throttle
levers. The combination of the strengths of humans and robots in the cockpit supposedly provide
less workload for the pilot and enforce the execution of all procedures. The system has no
Artificial Intelligence to be predictable and reliable for the pilot.

Similar systems might be developed to test aircraft that have mechanical flight controls,
including the hydraulically boosted ones. The idea of applying the inputs on the yoke and pedals
is to include all the looseness and inflections of the control system on the analysis. For aircraft
with fly-by-wire controls and autopilot, a simple autopilot mode might be implemented
exclusively for testing.

All of these experimental solutions would be applied before certification. Thus, the risk
analysis of the FT campaign must address malfunctions and systemic issues. Woods and Sarter
(2000) named the following new problems caused by automation: over automation, human error
and bad man-machine coordination. The solution to deal with all of these is training because the
use of intermediate levels of automation with inaccurate mental models are a source of new
unsafe control actions (Leveson, 2012). All mode confusion in regular operation characterize
scenarios that were not sufficiently explored during FT and other development phases.

Risk in FT

Robots are easier to replace than humans. Cost and time to train a professional limit the
replacement of highly qualified human operators. After manufacturing new hardware and
loading the latest version of the software, the robot is ready to face the unknown again.
Moreover, technology is getting cheaper and more accessible. Thus, the replacement of human
operators by automation for dangerous tasks becomes more attractive.

Some activities could already use robots as the preliminary tester. However for social
purposes, the presence of the human is still essential, despite the implicit danger. For example,
sending an astronaut to explore Mars is more socially relevant than doing the same with robots
receiving orders from earth. Similarly, facing the unknown behavior of a new aircraft, test pilots
face adversities and human presence on the first flight of a prototype is still the target for
historical pictures and the cover of magazines.
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To open the flight envelope of an experimental piloted aircraft means flying at extreme
speeds, altitudes and load factors to explore and enhance the performance of the aircraft. The
pilot must work together with the FT engineer to determine the operational limits that will be
followed during the entire life of the product. The exploration of these limits often provides
amazing stories about things that went wrong, including losing the control of the aircraft or
losing its parts. Most test pilots learn about mishaps that marked the development of important
aircraft. In each of these stories, there was one common fact: the life of the pilot was in danger.

There is a big expectation for the first flights of new aircraft. When test pilots and FT
engineers execute a long campaign plan, they are so concerned about not adding complexity to
the first flight that many times they don’t even retract the landing gear or change the flaps
position. That happens not only because it is a technical milestone. First flights are also a media
event loaded with cultural celebration.

On the other hand, the subsequent flights explore critical features, such as the
aerodynamic flow during the stall, handling characteristics or the aircraft controllability when
aborting a takeoff run. On many of these flights, the pilots know from the risk analysis that the
probability of finding undesired vibrations or controllability issues is higher during specific
events. The pilot prepares his mindset to react to surprises using emergency procedures that
might include ejecting from the prototype. He flies because he was taught to do it. He flies
because the adrenaline of facing the unknown makes him feel good. He flies because he seeks
personal glory (O’Mara, 2011) by being the main character of stories to be told.

Each test has a piloting technique and its execution has a series of cognitive demands; all
of which have safety impacts. The first type of investigation deals with finding operational
performance limits, including stalling and maximum speed, the maximum load factors, and the
maximum altitude. The second type relates to the handling qualities, e.g. sources of pilot-aircraft
coupling and spins. Finally, system testing also has critical events, like the weapons separation
from pylons, launch rails, and bomb bays.

The Performance phase extends the flight envelope using the build-up approach® to
investigate unknown behaviors. The exploration of high speeds might find a buffet on the
structure with potential loss of parts. At the other end, lower speeds explored during stall
investigations might cause the pilot to lose control of the aircraft. Both situations require
complex sensing, diagnosis and judgement of the test pilot to determine operational limits.

While chance of structural issues due to excess load is very small, if it happens there is
no time to react. The signals that the structure is about to collapse are cognitively perceived by
the pilot as noises and vibrations different than usual. If the positive or negative limit is high, as
in fighter aircraft, the senses of the pilot are affected by the g-force and his or her judgment is
compromised. Automation would not suffer such restrictions and the combination of acceleration
and vibration sensors, and microphones would provide the recording of the phenomena and a
basic reaction.

For high altitudes, risk is related to pressurization issues, such as noises and the increase
in cabin altitude. Pilots have a better judgment than automation about diagnosing off-nominal
situations with the structure or sub-systems when the aircraft struggles with huge differential
pressures. But for first climbs, the effects of hypoxia and decompression explosions are

! Build-up approach means that the event starts at a safe initial condition and the parameter is
increased gradually and at a constant rate. This rate depends on how unpredictable the behavior
of the system is to that extreme condition.
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extremely dangerous to humans. In this case, a first flight to the maximum altitude without a
human on board would reduce drastically the severity of this test event on the risk analysis.

Adding external payloads in pylons require an investigation of the effects of flutter, a
resonant vibration of wing tips and stabilizers. If the oscillation is divergent, the test might be
catastrophic. Even after using software and wind tunnels, this test is still important. Devices
designed to produce these oscillations are installed on the trailing edge of the surfaces and the
aircraft take off with a chase aircraft to record videos of the test. Accidents caused by flutter are
not common, but their severity is often high. Thus, automation would be welcome for the same
reasons as in load factor.

For handling qualities, the spin is one of the most critical maneuvers on a FT campaign
of training and combat aircraft. The pilot must explain the behavior of the aircraft while reading
speed, attitude and altitude. After the recovery, the pilot classifies the spin according to a metric
chosen for the test. The maneuver itself take less than one minute, but the workload and
dizziness are close to the human limitations. The remote control of a spin would be challenging
because its implicit delay in communication interfere with the successful exit from spinning.

Finally, among all sub-systems tests, first-time weapon separations on military aircraft
is critical because it might cause damage that interferes with the aircraft’s controllability? and
demands a fast decision about ejection. Remote operation would provide better chances of
recovering the prototype, but as with spins, the delay would limit a proper reaction on controls.

The technology necessary to remotely control an aircraft with a seat and controls for a
human pilot already exists. The QF-16 is an adaptation on the flight controls of a regular F-16
that enables it to be controlled remotely. The system has been flying since 2013 and reached
operational capability as aerial target in 2016.

The challenge of building a machine to autonomously react properly and timely to all of
these dangerous situations is the core of a cognitive paradigm, because the sum of
methodological and theoretical approaches to all aspects of human psychology such as instincts,
motor skills, memory, speech, values, personality, and problem-solving is too complex to be
reproduced by software.

The safety improvement on aviation statistics with automation leads us to believe that,
little by little, Intelligence Augmentation (1A) will reduce workload and increase autonomous
properties up to the moment that Artificial Intelligence (Al) will take over and reduce the remote
control to emergency modes of operation. In the light of the hexagon of cognitive sciences
(Miller, 2003), the use of 1A and the safe substitution of the human by Al is a multidisciplinary
endeavor. This evolution must respect social phenomena and consider user’s behavior when
reacting to scenarios of automation failures and mode confusion.

In October 27", 2016, Uber Technologies Inc. released a white paper picturing an aerial
vision for urban transportation, envisioning that “pilot aids will evolve over time into full
autonomy, which will likely have a marked positive impact on flight safety” (Uber, 2016). The
initial certification process and operation of these new machines will be as piloted aircraft. Thus,

2When a bomb is launched from a pylon, one or two explosive charges are used to initiate the
movement of the bomb away from the aircraft. Depending on many aspects, such as the charges
sizing, sideslip, angle of attack, speed, attitude, and altitude, the bomb might present unstable
separation and collide with the aircraft. Self-propelled weapons, such as missiles and rockets, use
launch rails or launchers, but they are equally susceptible to separation issues like limited time
for reaction.
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the first generation of this urban VTOL (Vertical Takeoff and Landing) will pass on a regular FT
campaign with the same performance and HQ issues discussed on this paper. It it will be an
opportunity to prove the value of using higher levels of automation building statistical proof for
users and regulators.
Conclusion

This paper discusses the main advantages and challenges of using different levels of
automation on piloted and remote/autonomous control on fixed-wing aircraft designed to be
piloted by humans. The use of machines acting on flight controls or devoted autopilot modes for
precision on FT techniques along with the remote operation on dangerous events are new
applications of automation with potential to make FT campaigns safer and more efficient. These
applications are restricted to the FT events that do not require complex perception or judgment.

Intermediary levels of automation as a new autopilot mode require the adjustment of the
test pilot’s mental models to the limitations of the system. This means that more preparation is
necessary to avoid surprises. When the aircraft is fully autonomous or remotely operated for
dangerous events, those sources of confusion diminish and the risk comes from the
incompleteness of software or delayed communications link. The development of such systems
will bring unforeseen accidents that must be addressed in the FT campaign risk analysis.
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EVALUATING SPATIAL-AUDITORY SYMBOLOGY FOR IMPROVED PERFORMANCE
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For decades, spatial auditory displays have been considered to be a promising
technology to help fight pilot disorientation and loss of SA. Inherently heads-up,
these displays can provide time-critical spatial information to pilots about
navigational targets, air and runway traffic, wingman location, and even the
attitude of one’s aircraft without placing additional demands on the already over-
tasked visual system. Unfortunately, currently-fielded auditory displays often
suffer from poor spatial fidelity, particularly in elevation, due to their use of a
one-size-fits-all (i.e., non-personalized) head-related transfer function (HRTF),
the set of filters responsible for creating the spatial impression. The current study
investigated the utility of combining a spatial cue (non-personalized HRTF) with
one of two auditory symbologies, one providing both object and location
information, and the other only location information. In one case, ecologically-
valid sounds were paired with a particular class of visual object, and spatial cues
indicated a plausible target elevation (e.g., a squeak indicated the target was a rat
on the floor). In the other condition, the cue was a broadband sound, the repetition
rate of which indicated target elevation (i.e., the cue provided only location
information, not object information). Results indicate that target acquisition times
were lower when meaningful (i.e., ecologically-valid) cues were added to non-
personalized spatial cues when compared to the case in which the source-based
cues provided no information about the target source. These results indicate that
careful construction of auditory symbology could improve performance of
cockpit-based spatial auditory displays when personalized, high-fidelity spatial
processing is not practical.

Background

Because of its natural function as the body’s “early-warning system,” the auditory system
provides an intuitive channel for portraying time-critical information. Many auditory displays
leverage a listener’s natural ability to rapidly identify different sound sources, and use source
identification (ID) as way to alert a user to not only when, but also what type of event has
occurred (e.g., different alerts for low altitude vs. traffic warnings).

Several experiments have also shown the benefits of spatial audio cues provide in visual
search tasks, specifically, a reduction in visual search times compared to visual-only search
conditions (Bolia et al., 1999, Perrot et al., 1996). In general, these studies have also shown that
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auditory-aided visual search is largely unaffected by the number of visual distractors, leading to
large performance benefits for more complex visual scenes.

Displays that aim to take advantage of this spatial cueing are referred to as Virtual Audio
Displays (VADs) or sometimes referred to as Spatial or 3D-Audio Displays. These displays rely
on the creation of a perceptual illusion that headphone-based sounds actually originate from real-
world locations in 3D space. If properly designed, VADs can have application to aircraft threat
avoidance, station keeping, and navigation (Simpson et al., 2005), as well as, the more traditional
use as a tool for radio speech intelligibility improvement. Despite their promise, VADs have not
yet made a large impact in the aviation market, due mostly to the difficulty of achieving robust,
high-fidelity spatial audio imagery on a commercial scale.

The signal processing that underlies a VAD is done by filtering a single-channel, non-
spatial sound source with a pair of head-related transfer functions (HRTFs). That filtering
operation results in left- and right-ear signals, which when presented over headphones can result
in the perceptual illusion that the sound source was presented from a physical location out in
space. Unfortunately, HRTF filters are both position- and listener- specific, meaning high-
fidelity virtual auditory space can only be achieved by making electro-acoustic measurements on
each listener from a large number of spatial directions. This means that commercial VAD
systems, which often need to have one-size-fits-all convenience, typically have poorer fidelity
than a personalized system. While lack of personalization is the major drawback of most
commercial VAD technology, other compromises have also been made to save on processing
power and/or battery life in some resource-constrained, real-world systems.

When non-personalized or low-fidelity HRTFs are used in a VAD, typical problems
include: the perception that sources originate from inside your head (a.k.a., lack of
externalization), a compression of perceived sound source elevation, and an increase in the rate
of front-back reversals (the perception that sources presented in the front came from the back and
vice versa) (Wenzel et al., 1993). In most applications, these perceptual shortcomings result in a
decrease in the effectiveness of the VAD to accurately support its intended purpose.

The current study was designed to investigate whether the robustness of a listener’s
sound source identification ability could be leveraged to improve performance in an auditory-
aided visual search task, when the fidelity of the spatial rendering was low.

Methods

In order to investigate whether source-1D cueing could provide a benefit for VADs with
low-fidelity spatial rendering, an auditory-aided visual search task was conducted in a virtual
environment with varying levels of spatial rendering quality and two auditory display
symbologies that provided ID-based spatial cues.

Experimental Conditions

Ten paid listeners with normal hearing and vision participated in 24 experimental blocks
over the course of three weeks. Each block consisted of 120 auditory-aided visual search trials
with a fixed audio cueing condition. The audio cueing condition for each block was selected
randomly from a 2 by 3 by 4 condition matrix composed of cue duration (250ms single burst,
continuous), audio source type (Noise, Ecological, Click Train) and spatial rendering type
(Enhanced, KEMAR, Panning, Diotic).
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Figure 1. Virtual saloon scene used in the A/V search task (top) along with example targets from each
object class (bottom).

The broadband noise stimuli were bandpass filtered between 200 Hz and 16 kHz and
were independent, but statistically identical, for all target object types. This type of cue therefore
provides no source-1D-based spatial information, in contrast to the ecological and click train cue
types that follow. The ecological stimuli were constructed to resemble the type of auditory event
a listener might expect from each of the four visual objects; electrical sparking of a light, rattling
of a bottle, clanking of a barstool, squeaking of a rat. In general, all of the ecological stimuli
contained spectro-temporal features sufficient to provide localization accuracy on par with the
broadband noise stimuli. Conversely, random-phase click train stimuli were constructed to allow
audio identification of target object classes without having any ecological validity, meaning
subjects would have to learn the association between each click-train type and visual object
class. The click trains were constructed by modifying the random phase click rate (100, 141, 200,
and 283 Hz) and a sin? temporal modulation window (2, 4, 6, and 8 Hz) for each class of object
(rats, stools, bottles, lights, respectively). In general, these random phase click trains contain
sufficient information to allow good localization; however, due to an implementation error, the
click-train stimuli were lowpass filtered at 8 kHz, meaning some of the important cues for sound
source localization above 8 kHz were not available.

To generate spatial audio cues, an HRTF specific to the current spatial rendering
condition was loaded into slab3D and a pre-generated .wav file of the appropriate source type
and duration was played through the engine. The KEMAR condition utilized a conventional non-
individualized HRTF, recorded on the KEMAR mannequin as described in Romigh et al. (2015).
The Enhanced condition utilized the same KEMAR HRTF after being pre-processed to
exaggerate spectral cues as described in Brungart & Romigh (2009). The Panning HRTF was
constructed to provide stereo panning between the left and right headphone signals based on the
sound source’s head-relative lateral angle. This setup means only the inter-aural level difference
(ILD) cues that were relevant to sound source lateralization were present, without any high
frequency monaural spectral cues, which are critical for elevation. The Diotic HRTF was
constructed so that the original source signal was passed directly to both ears without any
processing. This manipulation provided no spatial information, since in this condition all sound
sources should appear as though they originate from the center of the listener’s head.
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Task Environment

Listeners were seated on a rotating stool in the Spatial Hearing Anechoic Research
Chamber (SHARC) at Wright Patterson AFB, OH. An audio-visual virtual environment was
presented via an HTC Vive VR headset and a pair of Sennheiser HD280 headphones. The Vive
allows 6-DOF motion and also includes a tracked wand to enable cursor-based pointing within
the scene. Spatial audio rendering was accomplished using slab3D (Miller & Wenzel, 2002)an
open-source audio rendering engine that allows incorporation of custom HRTFs and has been
shown to produce virtual sound sources that permit localization accuracy on par with free-field
sources (Romigh et al., 2015).

The virtual environment was created in Unity3D, a game engine for developing
interactive 3D virtual environments. The environment resembled a 360° saloon scene (top panel
of Figure 1) and consisted of a cylindrical room partitioned into four distinct regions in elevation
(i.e., floor, bar, wall, ceiling). In each elevation region, 30 instances of a single class of object
were scattered randomly throughout the region at all azimuths; light objects occupied the ceiling
region from +36 to +18 degrees in elevation, bottle objects occupied the wall region from +18 to
0 degrees in elevation, stool objects occupied the bar region from 0 to -18 degrees in elevation,
and rat objects occupied the floor region from -18 to -36 degrees in elevation.

Experimental Task

Each trial started when the listener pulled the trigger to “shoot” the large bullseye in the
front of the visual scene by aiming a wand-slaved crosshair cursor. Then, a visual target was
presented in the form of a semi-transparent bullseye placed randomly in front of one of the 120
scene objects. The transparency of the target bullseye was manipulated to subjectively equalize
the salience of all target objects and make it less likely that a visual target could be identified in
the visual periphery. Simultaneously, a virtual audio cue was presented from the location of the
visual target, and the task of the subject was to locate and shoot (aiming a wand-slaved crosshair)
the visual target as quickly and as accurately as possible. The first shot aimed within 10 degrees
of the visual target scored as a hit and the timing of the shot was recorded as the response time.

Results and Discussion

Auverage response times for all conditions are shown in Figure 2. Results for short
duration, “Burst” stimuli and continuous stimuli and shown in the left and right panels,
respectively. In general, response times for the burst and continuous stimuli were similar. The
biggest differences appear to be for Noise stimuli and/or the Panning rendering condition. This
suggests that when some cues for sound source elevation are available (i.e. in the Enhanced and
KEMAR rendering conditions and/or with Ecological or Click Train stimuli) the additional
information provided by dynamic head-motion cues and a longer observation window do not
reduce search times.

With the Noise stimuli, response times increased with decreasing spatial rendering
quality, as expected, rising from 2 seconds in the Enhanced condition to over 6.5 seconds in the
Diotic condition. In contrast, the Ecological stimuli were less affected by rendering condition,
increasing from just under 2 seconds in the Enhanced condition to roughly 4 seconds in Diotic
condition. The Click Train stimuli fell in between the Noise and Ecological conditions, which
could have resulted from both decrease in localizability caused by its reduced bandwidth, or
because the mapping of the click train parameters to elevation (or source type) was less intuitive
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that the Ecological stimuli. The fact that a difference is seen between the Ecological and Click
Train stimuli in the Diotic condition suggests the latter.
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Figure 2. Average response times for each experimental condition. Error bars represent their 95%
confidence intervals.

Comparing the results across the conditions, it appears that providing source-1D based
elevation cues can provide increasing benefit in terms of reduced search times as the fidelity of
the spatial rendering cues goes down. The largest benefit is therefore found when no rendering-
based elevation cues are available (e.g. in the Panning and Diotic conditions); however, since the
performance benefit between Noise and Ecological stimuli goes up from the Panning to the
Diotic condition, it suggests another non-spatial cue is being used (e.g. a benefit from a reduced
valid set-size).

Figure 3 shows head-tracking elevation data for all Burst trials. Each panel represents a different
experimental condition, as indicated, and colors are used to identify the target object type and
target elevation range (Purple-Lights, Cyan-Bottles, Yellow-Stools, Red-Rats). Dramatic
differences are apparent for the Ecological and Noise stimuli. Even in the Enhanced rendering
condition where average response times are fairly similar, the ecological stimuli clearly resulted
in more definitive head movements, as can be seen by the clear separation of tracks with
different target object types (i.e., tracks with different colors). This suggests very different
search strategies are employed when different sources of spatial information are available.

Conclusion

The current study investigated the benefit of providing source-1D based spatial cues in
addition to traditional spatial rendering cues in an auditory-aided visual search task. Response
time results indicate that the benefit of adding source-1D cues goes up with decreasing fidelity of
the spatial rendering, and may not be influenced by stimulus duration and/or presence dynamic
head-motion cues. Head tracking results indicate that different search strategies are employed
when source-1D based cues are available.
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Figure 3. Headtracking data for all trials from the short duration “Burst” trials. Tracks show the elevation

component of the head-orientation as a function of time. Each panel shows a single experimental

condition. Colors indicate the target object type (Purple — lights, Cyan — Bottles, Yellow — Stools, Red —

Rats).
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Airborne surveillance operations present challenging environments for tactical operators and
for the technologies that support these activities. Information from multiple sources is
currently presented on 2D displays, but the influx of data has made it difficult to represent
this information using traditional technologies. Recent innovations in VR have laid the
groundwork for a promising solution to this problem by allowing users to immerse
themselves in 3D representations of the real world with embodied tracking capabilities. The
present research examined the feasibility of transitioning two common tactical operator tasks
from a 2D to a 3D/VR user interface. Naive participants searched for targets amongst a set of
non-targets on a traditional 2D interface and on a custom-built VR interface rendered on an
Oculus Rift. Participants reported a target’s geographical coordinates or the distance between
two targets. Search difficulty and search specificity were manipulated. Results and future
directions are discussed.

Airborne surveillance operations require the visual integration of multiple streams of data from
ground, air, and maritime sources. The ever-increasing availability of real-time sensor data, fused track data,
and environmental data has surpassed the capability of traditional 2D displays to provide the operator with a
coherent visual representation of the operational environment. Consequently, the operator must devote
considerable mental effort to navigate multiple layers of cluttered displays in order to maintain effective
situation awareness. The limitations of 2D displays have accelerated the need to develop human machine
interfaces that can leverage recent innovations in virtual reality (VR) and augmented reality (AR) technologies.

A potential benefit of VR/AR interfaces is that the user can view and interact with one-to-one
mappings of an environment in virtual 3D space (VR) or with synthetically rendered/enhanced objects in the
environment itself (AR). This offloads the operator’s task of mentally re-mapping a 2D plan-view to
encompass a vertical dimension (e.g., Carswell & Wickens, 1987; Wickens, Merwin, & Lin, 1994). The
benefits of 3D over 2D visualization have also been shown in the context of “tunnel in the sky” displays
(Haskell & Wickens, 1993) and for conflict avoidance on air traffic displays (Ellis, McGreevy & Hitchcock,
1987). There is, however, evidence showing that 2D displays are better than 3D displays in certain contexts
(e.g., Boyer, Campbell, May, Merwin, & Wickens, 1995; O’Brien & Wickens, 1997; Tham & Wickens, 1993;
Wickens & May, 1994). One limitation of many 3D displays is that they only provide the user with one
viewpoint, which can result in closer objects obscuring distant objects (e.g., Ellis et al., 1987). The
immersiveness of VR interfaces circumvents this problem by providing the user with a potentially infinite
number of viewpoints.

The purpose of the present work was to examine the impact of a 3D/VR user interface on tasks that
are representative of what a tactical operator would commonly perform using a 2D interface. To this end,
participants performed a visual search task in which they were to locate target objects amongst distractors.
Participants reported a target’s location (latitude, longitude or altitude) or the distance between two targets.
Participants performed these tasks using an in-house prototype 3D/VR interface and a commercial-off-the-
shelf 2D interface. The difficulty of the search task was manipulated by having either 18 or 36 objects in the
search environment. Further, search specificity was manipulated by providing the target object’s domain
(airborne, surface, sub-surface), its classification (friendly, neutral, enemy), or by not providing any
domain/classification information. An object’s domain was visually represented in 2D/3D as a
triangle/pyramid, square/cube, or circle/sphere for airborne, surface, or sub-surface objects, respectively. An
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object’s classification was visually represented by the object’s color — green, yellow, or red for friendly,
neutral, or enemy objects, respectively.

It was hypothesized that the one-to-one mapping of the search environment provided by the 3D
display, coupled with the ability to change viewpoints in VR (i.e., participants could move along the x, y and
z-axes) would yield better performance than the 2D display. It was further hypothesized that the performance
benefit when using the 3D/VR interface would be magnified for difficult searches. It was also hypothesized
that the anticipated benefits of the 3D/VR would be more evident when the target object’s domain (air, surface,
sub-surface) was specified because the vertical separation of the objects can be visually represented in 3D/VR,
but not in 2D.

Method

Participants

A total of 17 Carleton University undergraduate students (12 females) participated in exchange for
$20. All participants had normal or corrected-to-normal visual acuity and normal color vision. Three
participants were unable to complete the experiment due to VR-induced motion sickness and were therefore
excluded from the sample.

Design

A 2 (Interface: 2D vs. 3D/VR) x 2 (Search Difficulty: 18 objects vs. 36 objects) x 3 (Search
Specification: No Specification vs. Domain Specified vs. Classification Specified) repeated measures design
was used. Interface was blocked and counterbalanced across participants. Search difficulty and search
specification were mixed factors, with the six conditions created by crossing these two factors randomly
presented with the constraint that there were an equal number of trials per condition. A total of 72 trials were
presented — 36 in the 2D condition and 36 in the 3D/VR condition.

Apparatus and Stimuli

2D interface. The operational enviroment — a surface area of approximately 150 km? off of the coast
of Halifax — and search instructions were displayed on two LCD monitors with a 1920 x 1200 resolution. An
overhead plan-view of the search environment (see Figure 1, left panel) was shown on one monitor while the
search instructions (e.g., “What is the altitude of object ID #1?”") and a countdown timer were displayed on the
other monitor. Input devices were a standard Microsoft keyboard and mouse. The visuals and user interface
were driven by VR Forces (Version 4.4) software produced by VT MAK. The environment was populated
with 18 or 36 objects, depending on the search difficulty for that trial, that were represented as icons created by
crossing three shapes (triangle, square, circle) with three colors (green, yellow, red). Each object was labeled
with a unique numerical identifier (i.e., the digits 1 to 18/36), which was located adjacent to the icon. The
countdown timer appeared with the search instructions and started at a predetermined time based on the task
and search difficulty. If time elapsed, the message “TIMEOUT” was displayed and a buzzer sounded.

3D/VR interface. The same computer used in the 2D interface condition was used to render the
search environment on an Oculus Rift CV1 head-mounted VR display (see Figure 1, right panel), which
tracked participants’ head movements such that the environment was always in view. The field of view was
approximately 110° vertically and horizontally. A Leap Motion hand tracker was affixed to the front of the
Oculus Rift and used IR tracking technology to fit a kinematic model to the user’s hands in order to track and
visually represent hand/finger movement in real time. Input devices consisted of a SpaceNavigator
3Dconnexion 3D mouse, which allowed users to move along the x, y, and z-axes in 3D space and a virtual
number pad. The visuals and user interface were controlled by custom in-house software built on the Unreal
gaming engine platform (Version 4.13). The objects in the search environment were volumetric equivalents of
the icons in the 2D condition. The size of the objects was scaled according to the distance between the
participant’s current location and the object. The search instructions and countdown timer were identical to

072



those in the 2D condition, but were displayed on a virtual screen that was located on the right side of the search
environment and maintained a set size and position relative to the participant’s current location.

Figure 1. Search environment in the 2D conidition (left) and mthe 3D/VR condition (right)

Procedure. The 3D/VR condition consisted of a 10-minute training session to familiarize participants
with the VR-specific apparatus, 12 practice trials, and 36 experimental trials. The 2D condition consisted of 12
practice trials and 36 experimental trials. Half of the participants received the 3D/VR condition followed by
the 2D condition and the other half received the reverse order. Trials began with the presentation of the search
task instructions, which specified the target object’s unique identifying number, the target object’s domain or
classification (except on no-specification trials), and whether the participant was to report the target object’s
latitude, longitude, altitude or distance from another target object. Participants entered their responses on the
keyboard’s number pad in the 2D interface condition or on the virtual number pad in the 3D/VR interface
condition. Correct responses always consisted of four digits.

In the 2D interface condition, participants accessed an object’s location by clicking on the target
object, which activated a drop-down menu. Participants selected an option on this menu that activated a
secondary menu that displayed the target object’s location. To find the distance between two objects,
participants clicked on the two target objects and then used the mouse to drag and drop the end points of a
distance measurement tool onto the activated targets. Participants then right clicked the measurement line,
which activated pop-up menu that displayed the line’s current length (i.e., distance between the two targets).

In the 3D/VR interface condition, participants accessed an object’s location by fixating on an object,
which activated a blue halo that surrounded the object, and then clicked the 3D mouse to activate a pop-up
menu that displayed the object’s location. To find the distance between two objects, participants fixated on the
first target and clicked the 3D mouse to activate it and then fixated on the second target object and activated it.
Participants then made a “pinch” gesture with their left hand on a target, which activated a distance finder tool,
signalled by the appearance of a blue sphere that was displayed in the participant’s virtual left hand. While
maintaining the pinch gesture, participants used the mouse to move to the second target. Participants then
“dropped” the distance finder (i.e., the blue sphere) on the target by releasing the pinch gesture. A
measurement line connecting the two target objects then appeared, with the distance displayed above the line.

Results
Three participants were unable to complete the experiment due to VR-induced motion sickness. Their

data were eliminated from all further analyses, which reduced the sample to n=14. Additionally, 3.5% of the
trials were flagged as mistrials due to data collection failure and were therefore eliminated from the analyses.
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The remaining data were analyzed using a 2 (Interface) x 2 (Search Difficulty) x 3 (Search Specification)
repeated measures ANOVA.

Activation Response Times
Activation response times were measured as the time between the onset of the search instructions and

the activation of the target (location task) or targets (distance task). Only correct response times were included
in the analysis.

Location task. The main effect of interface was not significant, F(1, 13) = 2.17, p > .15, nor was the
main effect of search specification, F(2, 26) = 1.03, p > .35. The main effect of search difficulty was
significant, F(1, 13) = 27.56, p < .001, with faster responses on 18-object trials (M=5.67 s) than on 36-object
trials (M=8.82 s). The interface by search difficulty interaction was not significant (F<1). As shown in Figure 2
(left panel), the interface by search specification interaction was significant, F(2, 26) = 7.62, p < .005. This
interaction was driven by domain-specified targets being activated significantly slower than non-specified and
classification-specified targets in the 2D interface condition, but being activated faster in the 3D/VR condition.
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Figure 2. Location task activation response times (left panel) and entry response times (right panel) as a
function of interface and search specification with 95% confidence intervals.

Distance task. There was a significant main effect of interface, F(1,13) = 19.38, p < .005, with faster
responses in the 2D interface condition (M=9.72 s) than in the 3D/VR interface condition (M=13.82 s). The
main effect of search difficulty was also significant, F(1, 13) = 42.01, p <.001, with faster responses on 18-
object trials (M=8.71 s) than on 36-object trials (M=14.82 s). The main effect of search specification was not

significant (F<1), nor were the interface by search specification or interface by search difficulty interactions
(Fs<1).

Entry Response Times
Entry response times were measured as the time between the onset of the search instructions and the

entry of the 4-digit target object location or distance. Only correct response times were included in the
analysis.

Location task. Neither the main effect of interface (F<1) nor the main effect of search specification,
F(2, 26) = 2.26, p > .10, were significant. The main effect of difficulty was significant, F(1, 13) = 35.67, p <
.001, with faster responses on 18-object trials (M=13.26 s) than on 36-object trials (M=15.88 s). The interface
by search difficulty interaction was not significant (F<1). As shown in Figure 2 (right panel), the interface by
search specification interaction was significant, F(2, 26) = 6.72, p <.005. As in the location task activation
response time data, this interaction is caused by significantly slower responses on domain-specified trials than
on no-specification and classification-specified trials in the 2D condition, but significantly faster responses in
the 3D/VR condition.
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Distance task. The main effect of interface was not significant, F(1, 13) = 1.54, p > .20. The main
effect of search specification was marginally significant, F(2, 26) = 3.28, p < .06, with slower responses on
domain-specified trials (M=29.14 s) than on no-specification (M=27.04 s) or classification-specified (27.34 s)
trials. The main effect of difficulty was also significant, F(1, 13) = 127.74, p < .001, with faster responses on
18-object trials (M=23.83 s) than on 36-object trials (31.84 s). There was a marginally significant interface by
search specification interaction, F(2, 26) = 3.24, p < .06 (Figure 3, left panel). Entry response times were
significantly slower on domain-specified trials than on no-specification and classification-specified trials in the
2D condition, but did not differ in the 3D/VR condition. The interface by difficulty interaction was also
marginally significant, F(1, 13) = 3.29, p < .10 (Figure 3, right panel), with faster entry response times in 2D
than in 3D/VR for 18-object searches, but not for 36-object searches.
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Figure 3. Distance task entry response times as a function of (left panel) interface and search specification and
(right panel) interface and search difficulty with 95% confidence intervals.

Accuracy

Accuracy was recorded as binary data (correct vs. incorrect). In order for a trial to be deemed correct,

the participant had to enter their 4-digit response before the trial timed-out and the response had to match the
target’s true location or distance value.

Location task. The main effects of interface and search specification were not significant (Fs<1).
There was a marginally significant main effect of difficulty, F(1, 12) = 4.11, p < .07, with higher accuracy on
18-object trials (97.4%) than on 36-object trials (94.7%). Neither the interface by search specification
interaction, F (2, 24) = 1.12, p > .30 nor the interface by difficulty interaction (F<1) were significant.

Distance task. The main effect of interface was not significant, F(1, 11) = 1.80, p > .20. The main
effects of search specification and difficulty were not significant (Fs<1). Neither the interface by search

specification interaction, F(2, 22) = 1.28, p > .25, nor the interface by difficulty interaction (F<1) were
significant.

Discussion

The key finding is that the current implementation of a 3D/VR user interface did not yield many
performance advantages over a traditional 2D interface on a visual search task that required the user to report a
target’s location or the distance between two targets. However, one observed advantage of 3D/VR over 2D is
that the 3D/VR interface allowed users to find and query targets faster when the target’s domain (airborne,
surface, sub-surface) was known (see Figure 2). This finding supports the hypothesis that the visual separation

of vertically disparate objects in 3D/VR helps the user effectively constrain their search to include only
relevant objects.
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The search difficulty manipulation had a robust and consistent effect on performance. In contrast,
search specification typically did not influence performance, which indicates that overall, participants were not
using the additional information provided in domain-specified or classification-specified trials to help guide
their searches. One explanation for this finding is that participants simply ignored this supplementary
information when searching for the target because its unique numeric identifier was sufficient. In order to
encourage participants to use this additional information, the search instructions in subsequent experiments
will be modified such that the target’s number will be enclosed in a circle, triangle, or square to indicate its
domain or will be colored green, yellow, or red to indicate its classification.

The fact that there are many experimental differences between the 2D and 3D/VR interfaces besides
the dimensionality of the search environment and how the user interacts with it makes it impossible to pinpoint
why the 3D/VR interface did not yield the anticipated benefits. As a starting point, it was clear that many
participants struggled with the 3D/VR interface apparatus, including the 3D mouse and the virtual number pad.
Future experiments will therefore attempt to level the playing field by having participants in the 2D condition
view the display on a Oculus Rift, navigate using the 3D mouse, and respond using a virtual number pad. It is
anticipated that the continual refinement of the 3D/VR interface’s usability, coupled with the elimination key
experimental confounds between interface conditions will provide a clearer picture of the benefits of
immersive visualization technologies.
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A COLOR-CODE DESIGN TOOL

David L. Post
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The FAA is developing a standard set of colors for use in air traffic control (ATC)
displays. The set will be defined in terms of CIE Yu'v' values, corresponding
SRGB values, and color names. A significant complication is that the ATC
controller population includes people who have color-vision deficiencies (CVDs).
We have written a software tool to assist the FAA in selecting and testing a
suitable set of colors. It accepts a set of Yu'v' values as input and: (1) Draws
graphics and calculates color-related figures of merit to predict whether the set
will be acceptable for color-normal and CVD users; (2) Flags colors and pairings
that violate criteria; and (3) Allows the designer to adjust the colors and see the
results immediately. The tool should be useful for designing other color sets, also.

The Federal Aviation Administration (FAA) is conducting experiments to develop a
standard set of colors for use in air traffic control (ATC) displays in terminal approach, en route,
and oceanic ATC systems. The colors must be discriminable, recognizable, and legible for ATC
controllers, including those with color-vision deficiencies (CVDs). The FAA intends to
incorporate these colors in the ATC displays within new and modified ATC systems.

We have written a Microsoft Excel-based’ tool (named Palette Designer) to assist with
selecting a suitable set of display colors. Palette Designer (PD) allows users to input a candidate
set of colors, expressed as CIE luminances and chromaticity coordinates. It then draws graphics
and calculates figures of merit, derived from human factors research on color perception and
embodied in human factors standards regarding the use of color on electronic displays.

Palette Designer’s Main Table

Figure 1 shows PD’s main table. The first four columns allow the user to input a color
name, CIE 1976 u'v' chromaticity coordinates, and luminance for as many as 25 colors. (Excel’s
Hide Rows function has been used in the figures for the 11-color set shown herein for
illustration.) Luminance is expressed as a percentage relative to the display’s peak white
luminance, i.e., the luminance produced when the red (R), green (G), and blue (B) tuple {255,
255, 255} is loaded to drive the computer’s graphics card.

! palette Designer uses features unique to Excel 2010 for Windows presently. We are eliminating
them so it can be used with Excel 2011 for OSX also. It was developed using federal funds, so it
is available to the public with unlimited distribution. We are developing a website to distribute it
freely. Meanwhile, please contact davepost@woh.rr.com to obtain copies.
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Color name u' v' %Y sR sG sB Pred R Pred G Pred B

White 0.1978 0.4683 100.00 255 255 255 251 237 243
Mustard 0.2092 0.5350 57.60 213 203 90 234 198 100
Rose 0.2500 0.4100 40.64 232 138 224 242 147 223
Dark Green 0.1460 0.5560 42.00 96 196 34 136 193 38
Gray 0.1978 0.4683 22.50 130 130 130 162 139 145
Blue 0.1570 0.3675 35.10 67 164 255 102 170 242
Orange 0.3276 0.5308 31.66 244 115 42 246 120 57
Red 0.4100 0.4800 20.90 245 22 95 246 26 111
Green 0.1350 0.5300 73.00 71 253 134 114 235 149
Yellow 0.1770 0.5470 85.00 203 255 79 228 236 89
Magenta 0.2750 0.3100 24.00 218 45 254 234 65 242
Background 0.1978 0.4683 0.01 0 0 0 0 0 0
Ambient from screen 0.1978" 0.4683 0.38

Stimulus size (arcmin) 20.0‘

Figure 1. Palette Designer’s main table. User input goes in the green cells.

Toward the bottom of the main table, the user inputs the background color’s luminance
and chromaticity coordinates. For the case shown, that color is black, i.e., the color produced for
RGB = {0, 0, 0}, which produces measurably non-zero output typically because most
contemporary displays (i.e., LCDs) emit light even for {0, 0, 0}. If the viewing environment
includes illumination reflecting off the display screen (as in the example shown here), the user
inputs the resulting luminance and chromaticity coordinates produced on the screen. Finally, the
user inputs the size of the alphanumerics, symbology, or other stimuli that will be color coded.

The next three columns show the colors’ corresponding standard RGB (sRGB) values,
which PD calculates according to IEC (1999). The last three columns show the RGB values that
should reproduce the colors accurately on a secondary display for which a characterization file
has been specified in another area of the spreadsheet (not shown). The file contains
measurements of the luminances and chromaticity coordinates produced by the secondary
display’s R, G, and B channels for RGB values ranging from 0 to 255. The calculated RGB
values are obtained using the PLVC method described in Post and Calhoun (1989, 2000). If a
secondary display is connected to the computer that is running PD and a characterization file is
provided, a color-swatch chart will be displayed there using the calculated RGB values so the
user can see a colorimetrically accurate rendition of the current color set.

Color-Swatch Chart (Recognizability)

PD always displays the current color set in a swatch chart on the main display screen
using the calculated SRGB values, as shown in Figure 2. The colorimetric accuracy of the colors
shown there depends on how well the main display conforms to the IEC (1999) sRGB standard.
Ordinarily, the rendition will be at least approximately accurate. The swatches include character
strings so the user can judge legibility, also. Those strings, including their font and size, are user-
specified in another area of the spreadsheet (not shown).

CIELUV Color-Difference Table (Search Time)
As shown in Figure 3, PD computes color differences between all pairings of the current

color set, taking into account the user-specified ambient illumination and symbol size, using
Equation 1, as presented by Carter (1989):
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Flgure 2. Color swatch chart.

AE*uvse wiamblent | White Mustard Rose Dark Green Gray Blue Orange Red Green Yellow
Mustard | 13.594

Rose 21.67 10.99

Dark Green | 21.68 12.05 17.54

Gray | 30.20 17.84 13.04 14.64

Blue | 24.19 16.35 15.12 11.81 11.14

Orange 30.85 20.03 12.02 27.12 15.49 26.08

Red | 40.12 29.71 20.39 35.67 25.09 3285 10.01

Green 15.33 15.38 24.67 12,44 26.12 19,40 35.01 44,40

Yellow 873 11.08 21.60 15.82 27.24 22,32 30.64 40.43 8.05
Magenta 25.09 15.37 5.15 22,26 11.70 15.26 14.50 18.62 30.85 28.52

Figure 3. CIELUV color-difference table with values < criterion (28) highlighted.
AE* e = (KL * AL + (Kys * Au)” + (Kyx * A7), (1)
where AE* ¢ IS the size-corrected color difference, the coefficients K| x, K *, and K+ are

computed as shown below, and AL*, Au*, and Av* are computed in accordance with the
conventions of the CIE 1976 (L*u*v*) color space (CIELUV) described in CIE (2004).

0.15263 - 0.05766A

K »=1.0366 - e for0 <A<60 , 2
Ky* = 0.008991A - 0.0065 for 0 <A<32, (3)
=0.0257A -0.5403 for32<A<60 , 4
Ky* = 0.005446A - 0.042 for 0 <A<32 ,and (5)
=0.031A -0.8594 for32 <A <60, (6)

where A is the visual angle subtended by the stimulus in arcmin. For A > 60 arcmin, K » = K=
= Kv* = 1

Carter (1989) estimated that a difference > 28 is needed to yield asymptotic search times
for color-coded stimuli; therefore, values < 28 are highlighted in the table to alert the user. It can
be seen that many pairs in Figure 3 fail the criterion, but this outcome predicts only that search
times will be suboptimal — not that they will be unacceptable, necessarily. Nonetheless, the user
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should try adjusting the nearest pairs to increase their Equation 1 color differences. Ideally,
experimental testing should follow, to ensure that the search times are acceptable.

It is worth noting that the use of Equations 1-6 and a criterion of 28 is different and more
complex than one sees in human factors color standards. A simpler equation and criterion of 20,
also from Carter (1989), is seen typically. (Sometimes, the simpler equation and a criterion of 40,
based on Carter and Carter, 1981, is seen instead.) We suspect the choice of the simpler equation
that Carter (1989) showed to yield a substantially inferior R* has been motivated by a bias toward
ease of use, which underscores one of PD’s advantages: It eliminates the need for users to
perform or even understand more complex and accurate colorimetric calculations.

CIELAB Color-Difference Table (Discriminability)

As shown in Figure 4, PD also computes color differences between all pairings of the
current color set plus the background color, taking into account the user-specified ambient
illumination, using the equation:

AE* 3 = ((AL%)” + (Aa%)” + (Ab%)*) )

where AE* g, is the color difference and AL*, Aa*, and Ab* are computed in accordance with the
conventions of the CIE 1976 (L*a*b*) color space (CIELAB) described in CIE (2004).

PD’s criterion value in this case is 9.9, which is the maximum that Brainard (2003, p.
203) obtained after computing 95% confidence intervals for the lengths of the major and minor
axes of MacAdam’s (1942) ellipses in CIELAB. The 9.9 criterion is taken here to be a
conservative estimate of the minimum acceptable color difference among spatially adjacent
colors that must be discriminable. All values in Figure 4 meet the criterion; hence, none are
highlighted.

AE* . wfambient White Mustard Rose Dark Green Gray Blus Orange Red Green Yeallow Magenta
Mustard 60.12
Rose 46.71 78.40

Dark Green 88.72 45.60 114.13

Gray 45.14 62.45 38.96 85.39

Blue 62.84 110,39 57.23 129.39 54.04

Orange 83.15 58.76 67.12 100.35 75.06 12037

Red 93.06 98.95 53.39 140,47 80.43 106.73 51.20

Green 82.50 60.70 117.72 30.56 £8.72 121.87 118.73 153.14

Yellow B4.53 37.21 113.16 28.91 92,91 136,45 92.19 135.70 42,62

Magenta 105.93 147.66 69.27 181.49 98.16 75.45 124.83 82.79 182.06 182.09

Background 96.49 95.81 75.61 107.64 51.35 81.88 95,57 94.50 118.16 123.60 113.08

Figure 4. CIELAB color-difference table.

Contrast-Ratio Table (Legibility)

As shown in Figure 5, PD computes the luminance-contrast ratio for each color against
the background color, taking into account the user-specified ambient illumination. The criterion
for this case is 3:1, which is the minimum needed to ensure symbol legibility against the
background according to many sources, such as ANSI-HFES-100 (2007) and MIL-HDBK-
87213A (2005). All values in Figure 5 meet the criterion; hence, none are highlighted.
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Contrast ratio w/ambient White Mustard Rosze Dark Green Gray Blue Orange Red Green Yellow Magenta
Background 257.4:1 148.7:1 105.2:1 108.7:1 58.7:1 51.0:1 B2.2:1 54.6:1 188.2:1 218.9:1 72.0:1

Figure 5. Luminance contrast-ratio table.

Protan, Deutan, and Tritan Confusion-Line Charts for CVD Viewers

As shown in Figures 6 and 7, PD draws a confusion line for each color for protanopic
(red-weak), deuteranopic (green-weak), and tritanopic (blue-weak) viewers, using the copunctal
points from Wyszecki and Stiles (1982, p. 464). It also shows the SRGB chromaticity gamut so
users can see the colors’ spacing within that gamut. The figures show that the Yellow and
Orange lines are nearly colinear for protans, and the Dark Green and Orange lines are nearly
colinear for deutans. These observations indicate that luminance differences must be provided
between those color pairs so CVD viewers will be able to discriminate and recognize them.

Paletts Confusion Lines: Fratan Palette Confusion Lines: Deutan + Tritan

00 01 02 03 04 0s 06 o0 01 02 03 0.4 05 06

Figures 6 and 7. Protan, deutan, and tritan confusion lines for the color set, plotted on the CIE
1976 u'v'-chromaticity diagram with the SRGB chromaticity gamut (inset triangle) included.

Color-Adjustment Tools

PD allows users to adjust each color’s luminance and chromaticity coordinates by making
changes directly in the appropriate cells of its main table or by clicking a color name and then
using the computer keyboard’s arrow keys to change the color’s luminance or move it on the CIE
1976 u'v'-chromaticity diagram. Either way, the results are reflected immediately in all the
figures and tables. This interactive mechanism simplifies exploring ways to improve the
discriminability, recognizability, and legibility of the colors under consideration.

General Utility

Palette Designer aids the design of color codes by automating the calculation of
important figures of merit found in human factors design standards for color use on electronic
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displays and producing helpful graphical representations. Although we created the tool to
facilitate development of a color palette for air traffic control displays, we believe that it could be
useful for any project that involves designing color codes for electronic displays.
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New ATC Technologies and Procedures
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This project provides Federal Aviation Administration acquisition program managers and
system development integration contractors with a standard set of human-in-the-loop
simulation scenarios against which new Air Traffic Control (ATC) technologies and
procedures can be evaluated. We scripted 24 scenarios, eight scenarios for each of three
different types of airspace, including a TRACON arrival sector and both low and high
altitude en route sectors. The scenarios were scripted to re-create real world airspaces that
analyses showed are associated with complex traffic situations. They included
representations of severe weather and high traffic load for the purpose of demonstrating
the performance of new ATC technologies and procedures when challenged by such real
world events. The scenarios were vetted by retired controllers who had experience
working the selected sectors and were provided in a format that allows for input into any
ATC simulation platform.

The Federal Aviation Administration (FAA) evaluates proposed new Air Traffic Control (ATC)
technologies and procedures (henceforth referred to as ATC tools) that have the potential to enhance
safety and efficiency in the United States’ air transportation system. Evaluations that examine human
performance and other aspects of human factors are important in that they produce evidence for benefits
that a new ATC tool may provide along with potential problem areas that will need to be addressed prior
to deployment. The FAA has a long history of using human-in-the-loop (HITL) simulations to evaluate
aspects of ATC (Anderson & Vickers, 1953). Although the use of simulations has limitations and is not
without its own challenges (Buckley, DeBaryshem, Hitchner, & Kohn, 1983), it remains the primary
means of evaluating ATC tools prior to using them with live air traffic and can provide cost savings when
conducted prior to the completion of costly prototypes.

Additionally, new ATC tools should be evaluated against situations as close as possible to those
that are likely to occur in real air traffic operations. Events that perturb the status quo but would not be
considered rare in the context of ATC operations, such as convective weather, medical emergencies,
equipment malfunction and air traffic compression, are sometimes referred to as off-nominal events
(Burian, 2008). Researchers conducting HITL evaluations of new ATC tools should use scenarios
containing off-nominal events, in addition to other scenarios that do not include off-nominal events,
whenever possible.

Proposals to change the ATC system may come from a variety of developers and researchers both
within and outside the FAA. These organizations coordinate some aspects of their development and
evaluation work formally with the FAA, and infrequently with each other, and coordinate other aspects
only occasionally. There are a variety of ATC simulation platforms, including those commercially
available and those developed in house by the organizations. Furthermore, there are multiple accepted
ways to measure many human factors variables such as workload (Stein, 1985, and Hart & Staveland,
1988). The outcome of the situation in the ATC industry has been that the different industry groups that
develop and propose new ATC tools usually do not have access to the same ATC Subject Matter Expert
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(SME) participants, use the same scenarios or even the same airspace, may not use the same ATC
simulation platforms, and may not collect and report the same performance measures as other industry
groups when conducting evaluations. Attempting to compare results from HITL simulations that use
different airspace and air traffic situations and report different types of performance measures presents an
additional challenge to ATC tool evaluators and decision makers at the FAA, in addition to those inherent
to the HITL simulation evaluation method.

This project provides organizations, both within and outside the FAA, with a standard set of
scenarios against which new ATC tools can be evaluated. If organizations that run HITL simulations to
evaluate their proposed ATC tools use these scenarios, it will facilitate comparisons between various
proposed tools going forward.

Methods

This section describes the methods we used to identify airspace suitable for evaluating new ATC
tools, the traffic volume and pattern for the scenarios, the number and type of scenarios created, and the
off-nominal events included in the scenarios.

Airspace Selection

The first step in the creation of scenarios was the selection of airspace in which the scenarios
would take place. The use of generic (designed by researchers) airspace was considered as a possibility as
it has certain advantages. Generic airspace allows researchers to build made-to-order challenges into
sectors and, given that no controller would have encountered the airspace outside of a lab, controller
participants would all have the same level of unfamiliarity with the sectors. However, we ultimately
elected to use real world sectors. There is a finite number of sectors in the National Airspace System
(NAS). It was decided that the benefits of allowing proposed ATC tools to be tested for their ability to
solve real world air traffic issues and the face validity that accompanies the use of a real world sector
would, for this project, outweigh the advantages of using a generic sector. But the benefits of simulating
real world airspace could only be achieved if the airspace selected would provide enough real world
challenges or opportunities to solve real air traffic issues. Therefore, we attempted to identify the busiest
and most complex sectors in the NAS.

Finding a suitable Terminal Radar Approach Control (TRACON) airspace was fairly
straightforward. We used the Air Traffic Activity Data System (ATADS) to identify the airport with the
greatest number of operations annually for the year 2014. It follows that this facility’s TRACON would
also be the busiest. The airport identified was Hartsfield—Jackson Atlanta International Airport (ATL).
We selected the TRACON arrival airspace due to the preponderance of tools proposed for this type of
operation.

We attempted to identify complex en route sectors by contracting an analysis of sectors in the
three busiest Air Route Traffic Control Centers (ARTCCs): Atlanta (ZTL), Chicago (ZAU), and New
York (ZNY). The sector analysis examined air traffic characteristics across a two-year time span (2013 to
2015). Traffic characteristics considered included Average Number of Aircraft in the sector per hour,
Number of Climbing or Descending Aircraft per hour, Number of Potential Aircraft Conflicts per hour,
and Number of Adjacent Sectors with which that sector controller would have to coordinate. Sectors with
an average of fewer than 25 aircraft per hour were eliminated as possible candidates for simulation
because of insufficient activity. The remaining sectors were compared with regard to how many climbing
and descending aircraft and how many potential conflicts occurred per hour. We decided that, to increase
opportunities to evaluate a wide variety of en route ATC tools, it would be necessary to provide scenarios
for both a low altitude and a high altitude en route sector. Low and high altitude sectors have different
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characteristics that may differentially affect the way new tools are used or may differentially affect their
utility for resolving the problem the tools were created to resolve. Certain sectors in both ZAU and ZNY
were comparable in complexity, depending upon how one weighted the selected traffic characteristics. In
ZNY, however, a low altitude sector and a high altitude sector on the candidate list were adjacent to each
other. Since the two sectors were adjacent to each other, selecting them would create the possibility of
simulating traffic through the two sectors simultaneously and, thus, provide an opportunity to collect data
regarding coordination between sectors. The candidate ZNY sectors adjacent to each other were presented
to project sponsors at the FAA who concurred with their selection.

Defining Scenarios and Scenario Events

Events are occurrences of interest scripted to take place during a scenario. We began the
identification of suitable off-nominal events by using an event list collected during a previous project
(Crutchfield & Pfleiderer, 2009). This list was created from the input of controller, pilot, and weather
SMEs across five knowledge elicitation sessions that occurred during 2008. We updated that list using a
hazard analysis of new ATC tools associated with NextGen (Sawyer, Berry, & Blanding, 2010). As our
scenarios are meant to be used during HITL simulations, any event that specified a scripted error on the
part of controller participants was removed from the list although pilot errors or errors on the part of
controllers for adjacent scenarios were retained. Other events that we dropped from the list were events
which we deemed to occur too rarely to be considered off-nominal (e.g., special handling of Air Force 1)
or that would result in such a significant change to operations that the situation might be considered a
better measure of emergency procedures than of a new ATC tool for normal operations (e.g. aircraft
hijacking). Some of the events from the 2008 list required highly similar responses from controllers
encountering them. In these cases a single representative event was selected from the group of similar
events.

It is not likely that ATC tool evaluators will have the resources necessary to see how well a new
tool performs during all of the off-nominal events identified. Furthermore, it was beyond the scope of our
project to provide the number of scenarios necessary to cover all of these events. Therefore, we decided to
select three high profile off-nominal events that should be included, along with a time period with no off-
nominal events, in the standardized scenarios. The scenario that includes a time with no off-nominal
events allows the ATC tools to demonstrate the benefits they can provide under ideal traffic conditions.
The off-nominal events selected were Pop-up Storm, High Traffic Load, and Equipment Failure. Severe
weather occurs somewhere in the NAS on a frequent basis and has the potential to impact traffic flows
across the NAS for many hours. Additionally, evaluators and decision makers are interested in knowing
how new ATC tools will perform in the face of high air traffic loads predicted to occur years into the
future. Concerns about how the ATC system recovers during an equipment failure make it important to
include a failure-related event as well.

We determined that all scenarios should be designed to be 40 minutes in length to minimize the
amount of time controller participants are needed, while providing sufficient time to collect a useful
amount of performance data. We determined that two versions of each evaluation scenario should be
developed for each sector so that one version could be used as a baseline condition while the other could
be used with the new ATC tool(s).

Air Traffic
The scenarios developed for this study were created by a retired controller employed with the
ATAC Corporation using an I-Sim simulator provided by Kongsberg Geospatial. This retired controller

had no experience controlling traffic in any of the three selected airspaces. The SME was directed to
develop 40-minute long scenarios from real world air traffic data recorded in the summer of 2014 for the
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specified sectors using Performance Data Analysis and Reporting System (PDARS). Once the draft
scenarios were created, the SME used WebEx to run them for other retired controllers to review. During
this review, a retired controller from ZNY, familiar with the two selected sectors, reviewed the
corresponding en route scenarios and a retired controller from our selected Atlanta TRACON approach
control sector reviewed the TRACON scenarios. While they watched the scenarios, the retired controllers
noted which flights they believed needed to be changed in some way to achieve the desired degree of
realism in the scenario. The SME who developed the scenarios made changes to the scenarios in response.

Next, we used a second set of retired controllers familiar with the respective airspace and sectors
to run the scenarios again. These scenario runs were conducted using a high fidelity simulation of an En
Route Automation Modernization (ERAM) workstation and of a TRACON (Standard Terminal
Automation Replacement System (STARS) workstation, again provided by Kongsberg Geospatial. The
scenario runs used live pseudo-pilots to perform the associated flight deck/controller communications.
Comments on how to improve these scenarios were collected from this second set of retired controllers
and the scenarios were changed accordingly.

Lastly, we used a third set of retired controllers, one experienced with the ZNY sectors and
another experienced with the selected Atlanta TRACON airspace, to run the scenarios with pseudo-pilots
and make comments. We used these comments to make any final adjustments.

The second and third set of retired controllers were also asked to help us create presentations to
be used in familiarizing controllers naive to the selected airspaces with Letters of Agreement (LOAS),
traffic flows, sector boundaries, and other types of information necessary to be able to control the
simulated traffic. The familiarization material was then presented to retired controllers naive to those
airspaces who subsequently controlled two scenarios from each airspace. These naive controllers were
interviewed afterwards to identify information in the presentations that needed further clarification or
recommend additional information that controller participants would need to be able to successfully
control traffic in these sectors.

Results
Airspace Materials

We identified airspace at Atlanta TRACON A80 and New York ARTCC ZNY10 (a high altitude
sector) and ZNY27 (a low altitude sector) to represent in the standardized scenarios. We developed
Microsoft Excel files that include the sector boundaries, altitude definition, waypoints and fixes, routes,
airports, and winds for each airspace. We also developed materials to familiarize participants with the
airspaces being represented.

Air Traffic Scenarios

We developed and validated six scenarios suitable for use in evaluating TRACON tools, six
scenarios suitable for use in evaluating en route tools in low altitude airspace, and six scenarios suitable
for use in evaluating en route tools in high altitude airspace.

Two moderate traffic load scenarios for each sector were scripted without any off-nominal events.
Two scenarios for each sector represented a moderate traffic load with the addition of a severe weather
system that impacts operations in the sectors. Two scenarios for each sector have a traffic load 15%
higher than the average that occurred in 2014. This traffic level represents what is predicted to occur in
the year 2025 (Federal Aviation Administration, 2016).
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The first 20 minutes of the moderate scenarios without off-nominal events enable new ATC tools
to demonstrate the benefits they can provide under ideal traffic conditions. Our intent is that evaluators
add their own equipment failure event to the second 20 minutes of these two scenarios. It was not possible
to predict all the types of tools that may be evaluated with these scenarios, and selection of an unrelated
type of equipment failure event would result in a less meaningful evaluation. Therefore, we suggest that
evaluators include their own customized equipment failure event directly related to the ATC tool being
evaluated.

Additionally, two moderate traffic load scenarios for each sector were developed as examples of
scenarios that can be used to familiarize controller participants who are naive to a given sector with the
sector operations and traffic flow and also to familiarize them with the new ATC tool(s) being evaluated.
Evaluators are encouraged to create more familiarization scenarios given available time and resources.

Discussion

We intend the scenarios to be used by a variety of organizations, both within and outside of the
FAA, when evaluating new ATC tools. In so doing, this will foster a greater opportunity to compare
controller performance associated with a wide variety of new ATC tools. The scenarios and other
materials provided by this project were designed so that evaluators could either use controller participants
who are familiar with controlling traffic in the sectors represented without any additional training, or use
other participants who are naive to the sectors but who can learn about them through familiarization
materials and training scenarios. When running the HITL scenarios, it is expected that the evaluators will
use a repeated measures design where every participant runs every scenario in turn. It is expected that
evaluators will run one of each type of scenario provided (moderate traffic, weather, busy traffic) as a
baseline using current technologies and procedures and run a second scenario (moderate traffic, weather,
busy traffic) in an experimental condition that includes the use of the new ATC tools. It is further
expected that the order of the scenarios used (baseline vs. new ATC tool) will be counterbalanced across
participants to further control for differences in difficulty level that may inadvertently exist in the
scenarios.

Although our primary goal was to provide scenarios that would allow the evaluation of the
effectiveness of new ATC tools under conditions that might stress them, another goal was to fashion the
experimental scenarios to be independent of any new ATC tool being evaluated. In some cases, the
change to be evaluated may have an impact on air traffic flows into the airspace or on the structure of
airspace objects (such as routes) within the airspace being represented itself. In these cases, it is suggested
that when running the baseline condition, evaluators use the airspace as provided. When running the
condition that uses the new ATC tool, evaluators are justified in changing the sequencing or spacing of
aircraft entering into and operating within the airspace or the routes and/or airspace objects in the
airspace, if the changes are similar to changes that would be made to any airspace using the new ATC
tool. The number, type, and destination of the aircraft should not be changed.

Comparisons of tools evaluated using these standardized scenarios would be facilitated if
evaluators collect and report standardized performance measures as well. Preliminary work to identify
appropriate performance measures was done as part of this project. Further work, however, is needed to
provide evaluators with details required to assure the measures are fully comparable.
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The U.S. Army is seeking to update and expand its use of simulation-based aviation training to
address operational and fiscal concerns that are driving the need for more efficient training
solutions. This has created a need to evaluate whether lower-cost, game-based simulations may
potentially augment higher-cost, traditional simulation-based training for specific aviation training
tasks. However, current approaches to Training Effectiveness Evaluation (TEE) do not address the
complete range of factors to adequately evaluate today’s increasingly sophisticated simulation
training environments. Leveraging recent research and drawing from the tools and techniques of
human performance assessment, instructional science, and phenomenology, an interdisciplinary
approach to performing TEEs is introduced and described in the context of evaluating UH-60A/L
aviation collective mission training. This novel TEE approach optimizes a research-based
evaluation methodology to more fully capture the range of factors that contribute to training
effectiveness in interactive simulation training environments.

The United States continues to face uncertain and unprecedented threats around the world. Increasing acts
of terror by both state and non-state actors, rising global instability, and the need to maintain readiness for both
conventional and unconventional warfare are key strategic concerns. At the same time, technology innovations such
as the expanding role of unmanned aircraft systems (UAS) and the emergence of the cyber-battlefield are changing
the characteristics of modern warfare. Today’s warfighters must be prepared to meet the challenges of highly
dynamic, increasingly technological military operations. To help prepare warfighters to meet those challenges, the
U.S. Army is seeking to update and expand its use of simulation-based aviation training. While the Army continues
to rely on traditional simulation as a proven aviation training method, game-based simulation has become more
sophisticated and may provide viable training options in some applications. The use of game-based simulation to
augment traditional simulation-based training can potentially reduce costs, enhance return on investment, advance
training objectives, and inform future training environment designs.

Operational imperatives are mandating training strategies that produce optimum levels of readiness for a
wide range of mission scenarios. Simultaneously, fiscal concerns are driving the need for more efficient training
methods. This need for optimized training can be addressed for the U.S. Army by investigating whether lower-cost,
game-based simulations may potentially augment higher-cost, traditional simulation-based training for specific
aviation training tasks. Such investigations are typically performed by conducting Training Effectiveness
Evaluations (TEESs). The most popular and widely used methods for performing training evaluations are based on
Kirkpatrick’s Four-Level Training Evaluation Model (1959, 1976, 1994). However, the Kirkpatrick model does not
adequately address the complete range of factors that exist in dynamic training simulations. Additionally, the model
inherently limits the types of questions that need to be answered to effectively evaluate today’s increasingly
sophisticated simulation training environments. It also provides little guidance on how different simulated
environments may be combined to meet evolving training requirements. This paper describes the structure of the
Kirkpatrick model, the reasons for its popularity in the training community, and the contrast between its intended
purpose and its use to address modern simulation training evaluation objectives. A novel, interdisciplinary approach
to evaluating training effectiveness, called Assessing Simulated Systems Empirically for Training, or ASSET, is
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then introduced. ASSET addresses the limitations of TEE methods based on the Kirkpatrick Model by building on a
methodology better aligned with the purpose of modern TEEs. The ASSET approach is then described in the context
of a use case to evaluate whether game-based systems can potentially augment traditional simulation-based U.S.
Army UH-60A/L Blackhawk helicopter collective training.

Training Effectiveness Evaluation Considerations

Kirkpatrick’s Four-Level Training Evaluation Model (1959, 1976, 1994) seeks to evaluate training
effectiveness through an assessment of four hierarchical levels (Figure 1).

e Level 1: Reaction — Evaluates trainees’ reactions to the training event.

e Level 2: Learning — Evaluates changes in trainees’ knowledge, skills, attitudes, and abilities as a result
of the training event.

e Level 3: Behavior — Evaluates the change in behavior in trainees from the training context to the
performance context to determine training transfer and application.

e Level 4: Results — Evaluates the degree to which specific targeted outcomes have been achieved.

Figure 1. Kirkpatrick’s Four-Level Training Evaluation Model

The popularity of the Kirkpatrick Model can be traced to a number of factors: 1) it provides a multi-level
approach to training evaluation; 2) it organizes the complexities of training evaluation into four distinct areas; and 3)
it simplifies outcome measures by reducing the number of variables involved in the evaluation analysis (Bates,
2004). The Kirkpatrick Model is used to conduct TEEs in many different training contexts, but its use to evaluate
modern simulation training is problematic. The original purpose of the Kirkpatrick Model was to gain information
on the value of training programs to help determine instructional improvements and decide if a program should be
continued (Kirkpatrick, 1959). As such, it follows a traditional evaluation methodology and has utility in evaluation
contexts where the intent is to determine whether the training is meeting desired objectives. In other words, the
scope of the evaluation is limited to assessing a single training program in terms of the need it was designed to meet.
Evaluating the effectiveness of training in today’s simulation domains typically extends beyond this concern. While
the imperative to determine if training is meeting its desired objective still exists, this is now generally part of a
much larger evaluation goal that encompasses the need to inform decisions concerning how, what, when, and where
simulation training will be used to meet specific training requirements. These decisions are typically based on
factors unique to simulated environments, such as levels and types of fidelity, the affordances of instructional
interfaces, and the dynamics of the environments themselves.

For simulation training then, TEEs are less concerned about improving a single training program and more
concerned about proving the efficacy of specific individual factors that influence training effectiveness. This focus
on proving instead of improving necessitates the use of a TEE approach based on a research methodology instead of
a standard evaluation methodology. It is from this perspective that the interdisciplinary TEE approach called
Assessing Simulated Systems Empirically for Training (ASSET) was deveoped.

Assessing Simulated Systems Empirically for Training (ASSET)

The ASSET approach draws on the tools and techniques of human performance assessment, instructional
science, and phenomenology to establish a multidimensional, interdisciplinary perspective to performing TEEs. This
approach increases the breadth of the evaluation to more fully capture the range of factors that contribute to training
effectiveness in dynamic, interactive simulation training environments. ASSET follows the procedures and rigor of a
research methodology, with some slight modification to optimize its use to conduct TEEs in simulation training
environments. A condensed version of the ASSET approach is illustrated in Figure 2.
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Figure 2. ASSET Evaluation Approach

The ASSET approach is described in the following sections in the context of a use case to evaluate Army
Aviation training. The U.S. Army Aviation Combined Arms Training Strategy (2016) emphasizes the use of
Training Aids, Devices, Simulations, and Simulators (TADSS) to prepare Army aviation forces for future combat.
This strategy highlights multiple types of environments that encompass a wide range of fidelity and cost. Some
broad examples include game-based systems, moderate-fidelity trainers, and high-fidelity flight simulators. Of these
environments, there is a high level of interest in the training potential of game-based systems. However, the
effectiveness of game-based simulations requires further investigation (Sotomayor & Proctor, 2009; Whitney,
Tempby, & Stephens, 2014). In particular, the use of game-based training as an adjunct to traditional simulation-
based training has not been adequately evaluated.

A TEE was performed using the ASSET approach to conduct evaluations of three simulated training
environments to determine the potential of lower-cost, game-based simulations to augment higher-cost, traditional
simulation-based training. The training environments evaluated in the study were the Aviation Combined Arms
Tactical Trainer (AVCATT; the current U.S. Army Program of Record for aviation collective training), a moderate-
fidelity training simulator that integrates augmented reality helmet mounted displays (HMDs) to blend the physical
cockpit with the virtual environment; the Virtual Battlespace 3 (VBS3) low-fidelity, first-person, games-for-training
system operated on a desktop computer with commercial-off-the-shelf (COTS) flight controllers; and Microsoft
Flight Simulator (MSFS), a commercially available flight simulator game that provides a similar level of fidelity and
operation as VBS3. An operational flight trainer (OFT), a full-motion FAA Level D flight simulator, served as a
real-world analog and was used for evaluation of the training environments.

The ASSET approach began with an identification of the scope and objectives of the evaluation. This was
an essential part of the process, as it established the parameters for performing the rest of the evaluation. For the
present use case, it was determined that the primary objective was to determine how and where lower-cost game-
based training could be used as an equally effective adjunct to higher-cost simulation-based training for a particular
set of aviation collection mission training tasks. Based on this evaluation objective, the following three evaluation
questions were identified to establish the scope of the TEE: 1) Are there differences among the three simulated
training environments?; 2) Are there differences in a real-world analog environment (OFT) based on the preceding
simulated training environment?; and 3) Are there differences in the degree to which each simulated training
environment corresponds to the real-world analog environment (OFT)?

Once the scope and objectives were established, the training scenarios that formed the basis of the
evaluation were developed. The training evaluation scenarios involved a flight of UH-60A/L Blackhawk helicopters
engaged in a collective air assault mission and consisted of a set of operationally demanding tasks and cognitive
decision-making points. Operational tasks focused on mission events that are part of standard operating procedures
or explicit items covered in mission and crew briefings. Cognitive decision-making focused on the pilot’s specific
choices and reactions to changing conditions during the mission scenario. These tasks and decision points directly
related to the ability of the investigated training environments to support their execution and were part of the
mission performance rubrics for the study.
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The next step was to identify, develop, and collect data using a set of specific measures and data collection
instruments that supported the objectives of the evaluation. An interdisciplinary set of empirically validated
measures that contribute to training effectiveness were used. These measures aligned within the disciplinary areas of
psychology, physiology, and phenomenology.

Psychology

Psychological measures included a mission performance rubric and questionnaires. The mission
performance rubric consisted of 12 individual tasks and 5 decision points. Questionnaires from the psychology
discipline were used to record a variety of subjective measures related to immersion, presence, workload, stress, and
simulator sickness.

An Immersive Tendencies Questionnaire (ITQ; Witmer & Singer, 1998), version 3.01, as revised by the
Université du Québec en Outaouais Cyberpsychology Lab, was administered at the beginning of the experimental
session. Immersive tendencies were scored across four subscales: Focus (paying attention to current tasks),
Involvement (interacting with current tasks), Games (becoming engaged within a scenario), and Emotions
(experiencing fear, excitement, or other feelings). A Presence Questionnaire (PQ; Witmer & Singer, 1998), version
3.0, as revised by the Université du Québec en Outaouais Cyberpsychology Lab, was administered at the completion
of each experimental session. The PQ assessed the degree to which participants experienced presence in each of the
simulated environments, as well as the intensity of this experience as influenced by seven individual factors
(realism, possibility to act, possibility to examine, quality of interface, self-evaluation of performance, sounds, and
haptic). A Simulator Sickness Questionnaire (SSQ: Kennedy, et. al., 1993) was used to assess the level of
discomfort experienced by participants in each of the simulated environments. The SSQ consists of items related to
symptoms of simulator and motion sickness (eyestrain, headache, dizziness, etc.), clustered into three factors:
Oculomotor, Disorientation, and Nausea. The Dundee Stress State Questionnaire (DSSQ; Matthews, et. al., 2002)
differentiates 11 primary state factors relating to affect, motivation, and cognition. These primary state factors
support three broader second-order factors: engagement (qualities of interest, motivation, and energy), distress
(feelings of confidence, tension, and control), and worry (levels of self-esteem, self-focus, and cognitive
interference). A short version of the DSSQ was used in the described study (Matthews, Emo, & Funke, 2005). A
pre-task questionnaire was administered at the beginning of the experimental session and a post-task questionnaire
was administered at the completion of each experimental session. The NASA-Task Load Index (TLX; Hart &
Staveland, 1988) was used to assess each participant’s perceived workload during the performance of the mission
scenarios. The TLX is composed of six subscales that measure workload across the dimensions of mental demand,
physical demand, temporal demand, effort, frustration, and performance. A separate global workload score is
computed as the unweighted averages of the six subscale scores. The TLX was administered at the completion of
each experimental session.

Psychological measures provided important data related to training effectiveness that is often overlooked in
traditional TEEs. Factors relating to immersion, presence, workload, stress, and simulator sickness all correspond to
the ability of a simulated training environment to support the positive performance of training tasks. Performance
measures may also provide indications of differences between training environments.

Physiology

Physiological measures consisted of electrocardiography (ECG) and galvanic skin response (GSR). Both of
these measures were captured using a Procomp Infiniti system. ECG is a direct measure of cardiac activity and one
of the most common physiological measures of workload and stress in response to task demands. ECG measures
included Inter-Beat Interval (1BI), Heart Rate Variability (HRV) and Beats per Minute (BPM). Increases in BPM
have been associated with increases in workload and this particular measure is more sensitive to physiological
workload (Wilson & O’Donnell, 1988; Jorna, 1993). HRYV is generally associated with cognitive workload rather
than physiological workload. As such, it reflects engagement in effortful information processing (Jorna, 1993).
Increases in cognitive workload of task demands are associated with decreases in HRV (an inverse relationship;
Mulder, Waard, & Brookhuis, 2004).

GSR is a measure of emotional stress and nervous tension based on the electrical conductance of the skin
(Mundell, Vielma, & Zaman, 2016). Increases in GSR are associated with increases in stress and tension (Shi, Choi,
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Ruiz, Chen, & Taib, 2007). GSR drift, the difference between the upper and lower levels of galvanic skin response,
is a measure of emotional arousal related to stress. Absolute drift, in particular, is the absolute change in raw GSR
from the beginning to the end of a session (Mundell, Vielma, & Zaman, 2016). Absolute drift reveals slow
variations in the GSR signal. GSR Maximum Increase Drift is the absolute difference in raw GSR from the
minimum point to the end of the session (Mundell, Vielma, & Zaman, 2016). Maximum increase drift gives a
measure of trends in the GSR signal existing at the end of the session.

These measures captured the direct, real-time physiological responses of study participant’s as they were
engaged in mission scenarios within the simulated training environments investigated in this study. This provided an
additional dimension of training effectiveness that helped broaden the evaluation effort.

Phenomenology

Study participants were interviewed at the end of each experimental session to collect first-person
experiential data for each simulated training environment. The interview method was based on Petitmengin (2006)
and implemented following the guidance provided by Bockelman, Reinerman-Jones, and Gallagher (2013).
Participant interviews consisted of questions designed to focus the participant’s attention on the real-time subjective
experience of performing the mission scenario in a particular simulation environment. Questions such as “Describe
what it is like performing the mission in the [type of simulator] environment.” and “Tell me your thoughts as you
progress through the mission.” provided opportunities for participants to relate their direct experiences with the
simulated environments. Copilots were also interviewed after each experimental session. Although they were
confederates in the study, data collected from copilot interviews provided an additional source of evaluation
information. These interviews helped capture the ability of the simulated environments to support mission training
tasks in terms of graphics, controls, responsiveness to inputs, and representation of flight and mission characteristics.

Summary

Evaluating the effectiveness of training in simulation domains cannot be adequately accomplished by
standard TEE approaches and methods. The ASSET approach represents a novel method for conducting TEEs in
simulation training environments that transcends the limitations of standard approaches. ASSET is based on the
procedures and rigor of a research methodology, but is specifically optimized to conduct TEEs for simulation
training. Its interdisciplinary focus on human performance assessment, instructional science, and phenomenology
increases the scope of the evaluation effort to more fully capture the range of factors that contribute to training
effectiveness in dynamic, interactive simulation training environments. Beyond its application in the described use
case, the ASSET approach provides a powerful methodology for evaluating simulation training in any context. Its
use becomes essential when the objective of the evaluation extends beyond a determination of the value of a training
program and into the need to inform decisions concerning how, what, when, and where simulation training will be
implemented to meet specific training requirements.

Acknowledgements

This paper was prepared in conjunction with work sponsored by the U.S. Army Program Executive Office
for Simulation, Training, and Instrumentation (CA# W911NF-14-2-001). The U.S. Army Program Executive Office
for Simulation, Training, and Instrumentation nor any agency thereof, nor any of their employees, makes any
warranty, expressed or implied, or assumes any legal liability or responsibility for any third party’s use, or the
results of such use, of any information, apparatus, product, or process disclosed in this report, or represents that its
use by such third party would not infringe privately owned rights. The views expressed in this paper are not
necessarily those of the U.S. Army Program Executive Office for Simulation, Training, and Instrumentation.

References
Army Aviation Training Strategy. (January 2016). U.S. Army Aviation Center of Excellence. Fort Rucker, AL.

Bates, R. (2004). A critical analysis of evaluation proactice: the Kirkpatric model and the principle of beneficience.
Evaluation and Program Planning 27(2004), 341-347.

093



Bockelman P, Reinerman-Jones L and Gallagher S (2013) Methodological lessons in neurophenomenology: Review
of a baseline study and recommendations for research approaches. Frontiers in Human Neuroscience,
7:608.

Hart, S. G. & Staveland, L. E. (1988). Development of NASA-TLX (Task Load Index): Results of empirical and
theoretical research. In P. A. Hancock and N. Meshkati (Eds.) Human Mental Workload. Amsterdam:
North Holland Press.

Jorna, P.G.A.M. (1993). Heart-rate and workload variations in actual and simulated flight. Ergonomics, 36(9),
1043-1054.

Kennedy, R. S., Lane, N. E., Berbaum, K. S., & Lilienthal, M. G. (1993). Simulator sickness questionnaire: An
enhanced method for quantifying simulator sickness. The International Journal of Aviation Psychology,
3(3), 203-220.

Kirkpatrick, D. L. (1959). Techniques for evaluating training programs. Journal of American Society for Training
and Development, 11, 1-13.

Kirkpatrick, D. L. (1976). Evaluation of training. In R.L. Craig (Ed.), Training and development handbook: A guide
to human resource development. New York: McGraw Hill.

Kirkpatrick, D. L. (1994), Evaluating Training Programs: the Four Levels. San Francisco, CA: Berrett-Koehler.

Matthews, G., Campbell, S. E., Falconer, S., Joyner, L. A., Huggins, J., Gilliland, K., et al. (2002). Fundamental
dimensions of subjective state in performance settings: Task engagement, distress, and worry. Emotion, 2,
315-340.

Matthews, G., Emo, A. K., & Funke, G. J. (2005). A short version of the Dundee Stress State Questionnaire. Paper
presented at the Twelfth Meeting of the International Society for the Study of Individual Differences,
Adelaide, Australia.

Mulder, L. J. M., de Waard, D., & Brookhuis, K. A. (2004). Estimating mental effort using heart rate and heart rate
variability. In N. Stanton, A. Hedge, K. Brookhuis, E. Salas, & H. Hendrick (Eds.), Handbook of Human
Factors and Ergonomics Methods (pp. 201-208). Boca Raton, FL: CRC Press.

Mundell, C., Vielma, J. P., & Zaman, T. (2016). Predicting performance under stressful conditions using galvanic
skin response. Retrieved from https://arxiv.org/ftp/arxiv/papers/1606/1606.01836.pdf.

Petitmengin, C. (2006). Describing one’s subjective experience in the second person: An interview method for the
science of consciousness. Phenomenology and the Cognitive Sciences,5(3-4), 229-269.

Shi, Y., Choi, E. H. C., Ruiz, N., Chen, F., & Taib, R. (2007). Galvanic skin response (GSR) as an index of
cognitive workload. In ACM CHI Conference Work-in-progress.

Sotomayor, T., & Proctor, M. (2009). Assessing Combat Medic Knowledge and Transfer Effects Resulting from
Alternative Training Treatments. The Journal of Defense Modeling and Simulation: Applications,
Methodology, Technology, 121-134.

Whitney, S., Tempby, P., & Stephens, A. (2014). A Review of the Effcetiveness of Game-based Training for
Dismounted Soldiers. Journal of defenese Modeling and Simulation, 319-328.

Wilson, G. F., & O’Donnell, R. D. (1988). Measurement of operator workload with the neuropsychological
workload battery test. Advances in Psychology, 52, 63-100.

Witmer, B.G. & Singer. M.J. (1998). Measuring presence in virtual environments: A presence questionnaire.
Presence: Teleoperators and Virtual Environments, 7(3), 225-240.

094



QUANTIFYING PILOT CONTRIBUTION TO FLIGHT SAFETY DURING AN IN-FLIGHT
AIRSPEED FAILURE

Timothy J. Etherington
Rockwell Collins
Hampton, Virginia
Lynda J. Kramer
Randall E. Bailey

Kellie D. Kennedey
NASA Langley Research Center

Accident statistics cite the flight crew as a causal factor in over 60% of large transport fatal
accidents. Yet a well-trained and well-qualified crew is acknowledged as the critical center point
of aircraft systems safety and an integral component of the entire commercial aviation system. A
human-in-the-loop test was conducted using a Level D certified Boeing 737-800 simulator to
evaluate the pilot’s contribution to safety-of-flight during routine air carrier flight operations and
in response to system failures. To quantify the human’s contribution, crew complement was used
as an independent variable in a between-subjects design. This paper details the crew’s actions and
responses while dealing with an in-flight airspeed failure.

Accident statistics like Baker (2001) often cite flight crew error as the primary contributor in accidents and
incidents in transport category aircraft. However, the Air Line Pilots Association (2011) suggests “a well-trained and
well-qualified pilot is acknowledged as the critical center point of the aircraft systems safety and an integral safety
component of the entire commercial aviation system.” This is generally acknowledged but cannot be verified
because little or no quantitative data exists on how or how many accidents/incidents are averted by crew actions.
Anecdotal evidence suggest crews handle failures on a daily basis and Aviation Safety Action Program (2003) data
generally supports this assertion, even if the data is not released to the public. However without hard evidence, the
contribution and means by which pilots achieve safety of flight is difficult to define. Thus, ways to improve the
human ability to contribute or overcome deficiencies are ill-defined.

Method

The pilot contribution to flight safety was investigated by experimentally manipulating crew complement
(single pilot and crewed conditions) during normal and increasingly challenging non-normal airline operations.

Experiment Design

To assess human performance and safety, the experiment contrasted normal two-crew operations to
conditions when one of the crew was absent from the flight deck. If the condition included a temporary absence, it
was designated as reduced crew operations (RCO). If the condition included a permanent absence, it was designated
as single pilot operations (SPO). The experimental independent variables were crew complement and scenario. The
three crew complement conditions were: Two-crew, RCO, and SPO. Two normal scenarios and six non-normal
scenarios were flown. The six non-normal scenarios were grouped into three categories; Category A featured
failures initially unannunciated with the autopilot available, B featured annunciated failures with autopilot available,
and C featured annunciated failures with autopilot not available. Failures were triggered near top of climb (TOC) or
top of descent. This paper details one Category A failure, unreliable airspeed. Etherington et al (2016) details the
entire experimental matrix and details one Category C failure.

The data shown here is taken from the 18 nominal Two-crew and SPO runs, 6 nominal RCO runs (with the
Captain resting), and 6 unreliable airspeed non-normal runs in each of the SPO, Two-Crew, and RCO crew
conditions. For the RCO condition, the non-normal started out with one pilot flying and the other resting in the seat,
isolated in sight and sound from the cockpit. Two minutes after the failure, the resting pilot returned to flying duties
in the cockpit.

Participants

Thirty-six pilots (18 crews), representing five airlines, participated. Each pilot held a current Airline
Transport Pilot certificate and was current in the Boeing 737-800 aircraft. Crews were paired by function (Captain
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and First Officer) and by employer to minimize conflicts in training, standard operating procedures, and crew
resource management techniques. Crews were instructed to bring their company’s paper and/or electronic charts and
checklists with them to further reduce conflicts in standard operating procedures or training.

Apparatus

The research was conducted using the Boeing 737-800 simulator operated by the FAA AFS-440 at
Oklahoma City, OK (See Figure 1). The simulator is Level D certified and yet fitted with experimental controls,
modifications, and recording capability to support research operations. The fidelity of the simulator and the
recording capability were both critical to this research effort. The scenario was an air carrier flight from Denver
International to Albuquerque. Dispatch paperwork was provided and constituted the flight release. Simulated
weather en-route consisted of convective activity along the mountain range to the west of Denver, and weather and
visibility were designed to affect any diversion decisions. Live Air Traffic Control (ATC) and pseudo-pilots
provided interactive clearance procedures, realistic pilot workload, and a level of realism to the scenario. Dispatch
could be contacted on the radio.

Figure 1. FAA OKC Boeing 737-800 Simulator.

Results

The results detailed here describe the major findings of only one of the Category A failure conditions,
unreliable airspeed. This failure emulated an iced-over pitot tube at the cruise altitude of Flight Level (FL) 350
which caused erroneous airspeed readings on the corresponding side. When the pitot tube became blocked, the
airspeed indicator then performed like an altimeter such that increasing or decreasing altitude from FL 350 would
also appear as an increase or decrease in airspeed. The failure is latent and cannot be detected until the aircraft
deviates from the altitude at which the blockage occurred.

At approximately 15 minutes after TOC, the failure scenario was triggered by ATC instructing the
crew/pilot(s) to climb to FL370 from FL350. As the aircraft climbed, the airspeed indicated an increase on the failed
side. At a difference of 5 knots airspeed, the “IAS DISAGREE” amber warning would appear on both pilots’
primary flight displays under the airspeed tape. Eventually the failed side airspeed reached an overspeed condition
and the overspeed warning clacker triggered.

Failure Identification

As a Category A failure scenario, inconspicuous symptoms of failures, impending failures, or non-normal
conditions were evident in the cockpit before a warning triggered; in this case, airspeed would diverge side to side
and the IAS Disagree amber message illuminated before the overspeed warning clacker.
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In the total of 21 non-normal runs, only 11 pilots noticed the IAS Disagree light before the overspeed warning
clacker started. Only 33% of the SPO pilots recognized the failure before the clacker, while more than half (56%) of
the RCO crews and two-thirds (67%) of the two pilot crews did so. One two-crew noticed the failure before the IAS
DISAGEE annunciation.

Flight Path Control and Failure Handling

The average time between IAS DISAGREE and overspeed was 8-10 seconds so even for those that
detected the IAS DISAGREE light, all crews/pilot(s) experienced an overspeed warning clacker. The clacker is
extremely loud and distracting and continues until the overspeed condition is cleared. The clacker sounded for an
average of 1.5 minutes with a range of 30 seconds to 15 minutes.

Because of some high profile accidents, this failure has been extensively trained for the past few years.
Prior to referring to the appropriate checklists, nearly all crews immediately disconnected the autopilot and
autothrottle from memory due to this training and to ensure that the automation was not causing the problem.

A few pilots found the clacker so distracting that they attempted to locate the circuit breaker before
attempting to troubleshoot. As this clacker sounded immediately following an ATC command to climb, the majority
of pilots sought to reverse the most recent action and requested a descent to the previous altitude. When the aircraft
returned to that altitude the majority of the non-normal indications cleared and the aircraft behaved normally until
the crew initiated the descent.

In the midst of the failures, all pilots alerted ATC to an airspeed problem but only 14 crews declared an
emergency. All but two crews requested a descent or block altitude clearance from ATC with an average time of
approximately 45 seconds. If this occurred during the two minute delay in an RCO configuration, the failure effects
were no longer apparent when the resting pilot re-engaged.

Some pilots were erroneous in conceptualization of the flight control warning system and indicated a
concern that the failed pitot would trigger the stick shaker as they descended. The stick shaker system that warns of
aircraft stall conditions is based on an angle of attack sensor and not just airspeed.

Typically, the autopilot was re-engaged to the non-failed side within a minute or less.

Even for this short period of time, there were many control difficulties. At high altitude, there is a small
airspeed range between stall warning and over speed which requires only a small pitch excursion to go from over
speed to stall warning. Eight of the 18 crews experienced one or more stick shaker events that precede a stall. Five
of the 18 crews experienced an actual overspeed because of inappropriate pitch control during the event. At least one
crew received a bank angle warning. Three crews experienced both stick shaker and overspeed during recovery.
Although all crew configurations had at least one event, 67% of single pilot crews experienced a stick shaker or
actual overspeed. Approximately 50% of the total stick shaker events occurring during SPO and the majority of the
stick shaker events during the RCO conditions occurred before the resting pilot was re-engaged. Therefore,
approximately 90% of the total stick shaker events occurred when the pilot flying was essentially performing SPO.
The crew resource management when the other pilot indicates “watch your airspeed” occurs long before the aircraft
warnings.

Checklist Usage

Time to first correct checklist is an indicator of crew understanding of the problem. This data is shown in
Figure 2. Time to complete the checklist is another indicator, as well as how closely the crew follows the checklist
and if they complete additional checklists that apply to the failure.

Checklist use for this failure was complicated by the fact that the first annunciation, IAS DISAGREE,
points to a checklist with the only action “Refer to the unreliable airspeed checklist”, which is the required checklist
for this failure. The checklist has recently been re-designed to handle multiple failures as well as other failures. The
checklist requires qualitative decisions and some of the indications disappear before completing the checklist.

The time to start the checklist was significantly faster in the two-crew condition. The time for the resting
pilot to re-engage in the flight was fixed at two minutes and that is the approximate difference in times between two-
crew and RCO condition. On average, SPO pilots took 50% longer to start the checklist than Two-Crew pilots did.
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This time is essentially a reflection of not being able to delegate any tasks like talking to ATC, gathering weather
information, talking to dispatch, and maintaining aircraft control.

Time to Start Unrelaible Airspeed Checklist
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Figure 2. Time to first starting the Unreliable Airspeed Checklist.

Diversion Decision

The diversion decision is an indicator of how well the non-normal was handled and includes many factors
in the decision making process. Airspeed failures, especially while in the clouds, can become critical. The diversion
decision includes factors like icing potential and location of the nearest suitable airport with good weather.

The weather at Denver (DEN) and Colorado Springs (COS) was configured to be similar and relatively
bad, with DEN being especially problematic. Weather at Albuquerque (ABQ) was okay and weather at Grand
Junction (GJT) was good. Crews, in general, knew what the weather was like at Denver and Albuquerque but had to
ask specific questions of ATC or dispatch to get other weather. The flight management system was already
configured for a landing at ABQ.

Figure 3 shows diversions by airport and crew configuration. For RCO where the first officer is initially
flying (RCO-CP) and doesn’t make any diversion decisions until the captain is back active on the flight deck, only
one of six crews diverted to other than the destination. When the Captain was flying the SPO condition (SPO-CP),
they always diverted and the majority found the good weather at Grand Junction, but for First Officers flying an
SPO flight (SPO-FO), only one in three diverted. For two-crew condition, half diverted to Denver. These data
suggest a correlation between the perceived criticality and crew experience in the diversion decision. Not all crews
considered the airspeed failure a critical problem and when flying two crew decided the risk of weather less
important than the expediency of the closer airport, Denver. For single pilot Captains, the failure was critical enough
that they all diverted and they felt that getting to better weather was a priority.

Workload

Overall workload was measured using the NASA Task Load Index (TLX) presented to the pilots immediately after
completion of each run (Figure 4). There was an increase in workload for airspeed failure compared to the nominal
runs but this difference was not found to be significant. Overall workload increased more for the first officer.
Analysis of the TLX components found a significant difference in the temporal subscale (F=3.24, p= 0.035) likely
due to time pressure of the first officer while completing the checklist items.
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Diversion by Airport and Crew Configuration
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Figure 3. Diversions by Airport and Crew Configuration.
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Figure 4. NASA Task Load Index Workload

Perceived Level of Safety

Post-run the crews used a Likert scale to self-assess their perceived level of safety for the airspeed failure by crew
configuration and crew member, captain or first officer. The first three data columns are crew configuration as
perceived by the Captain (CP) and the last three columns are crew configuration as perceived by the first officer
(FO). A safety level of 1 is completely acceptable, 4 is neutral and 7 is completely unacceptable. Although a blocked
pitot tube is a simple failure, RCO and SPO crew configurations rate this as unacceptable.

099



Perceived Level of Safety

Airspeed Failure

| i

TN -

Crew Configuration RCO-CP SPO Two RCO-CP SPO Two
c FO

Safety Level
-

Figure 5. Perceived Level of Safety for the Airspeed Failure by Crew Configuration and Crew Member.

Conclusion

Although relatively benign, the Pitot tube failure presented some challenges that were especially problematic as the
crew complement was reduced from the nominal two-crew condition. Unreliable airspeed is a well-trained event.
Many crews had the initial procedures memorized; however, crews still had difficulty with aircraft control as stick
shaker, overspeed, and overbank warning were common. Time to identify and begin to work the correct checklist
was double for SPO compared to two-crew. Data analysis for this failure (and the other five, including nominal
runs) is being used to establish quantitative baseline levels of performance and safety during nominal crew
configuration. These data are being used to assess the performance and safety decrement in reduced crew and single
pilot crew configurations using current-day flight deck design and certification. From this baseline, technology
requirements will be identified that may inform future normal two crew operations and may eventually help enable
reduced crew or possibly even commercial single pilot operations.
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DEVELOPMENT OF A MODEL OF ‘SEE AND AVOID’ IN PARACHUTING

Victoria Cutler and Saskia Revell
Royal Air Force Centre of Aviation Medicine
Henlow, UK

The UK military undertakes in-depth investigations of serious parachuting accidents,
which have recently included two mid-air collisions. The analysis of these accidents
identified that collision avoidance in parachuting uses similar processes to the see-and-
avoid task performed by aircraft pilots. However, no research was identified that had
explored see-and-avoid when parachuting. Accordingly, a model of parachuting see-and-
avoid was developed which consisted of six stages which must be performed in sequence
for a collision to be avoided successfully. Each stage of see-and-avoid was associated
with key errors, the likelihood of which was influenced by a range of factors within the
individual, their operating environment, and equipment. The model of see-and-avoid can
be applied to identify human factors influences in a parachute accident and in the
development of initiatives to improve parachuting safety.

Parachute jumping represents an area of injury and fatality risk in aviation. Accordingly, the
Royal Air Force Centre of Aviation Medicine (RAF CAM) was tasked to provide Human Factors (HF)
support to the investigation of parachuting accidents involving UK military personnel. Two recent
accidents involved a collision between two parachutists while under canopy control in the late stages of
the descent. These collisions were unintended and led directly to the injuries sustained in the accident.
Therefore, the investigation undertaken by RAF CAM aimed to identify why the parachutists collided,
what HF issues may have increased the likelihood of the collision, and what could be done to reduce the
likelihood of such collisions in future.

The British Parachuting Association (BPA) Operations Manual (1998) states that “throughout the
descent parachutists should be aware of other parachutists and, if necessary, take avoiding action”. As
such, collision avoidance relies on the parachutists maintaining adequate look out, which reflects the
pilot’s task to see-and-avoid other air traffic.

While a number of detailed studies have characterised the pilot’s see-and-avoid task, no research
has been identified that has explored see-and-avoid during parachuting. Therefore, the aim of this work
was to review the applicability of see-and-avoid aviation research to collision avoidance during
parachuting, and use this to develop a model of Parachuting See-and-Avoid (PSA).

Method

Literature regarding see-and-avoid in aviation was reviewed in relation to the parachuting
environment. The literature review included journal articles, aviation accident investigations, technical
reports, and advice from regulators. The stages of see-and-avoid that have been specified for aviation
were identified from the literature, and compared against the parachuting task to provide an initial model
of PSA. For each stage in the initial model, key errors and HF issues which would prevent that stage
from being effective were described. The completed model was reviewed informally within the team, and
further refined through application in two parachuting accident investigations.
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Results

The PSA model is presented in Figure 1. The left hand column in Figure 1 outlines the stages of
see-and-avoid, and the right hand column outlines key errors which would prevent that stage from being
effective. Each stage in the left hand column must occur successfully for a collision to be avoided.

Search visual field and
detect target

¥

Recognise nature of target

Target incorrectly
recognised

.........

¥

Assess collisionrisk

arget not perceived as
collision risk

¥

Decide on avoiding action fe=---+*

Choose an ineffective
avoiding action

¥

Operate parachute
controls

Controls not operated
effectively

y

Parachute changes path

Technical fault or
parachute lag time

Figure 1. Model of see-and-avoid in parachuting.

Search, detect, and recognise target

---------------------------------------

As shown in Figure 1, the first stage of PSA is to search the visual field to detect the target. The
target may be another parachutist, but could refer to any other collision hazard. In the second stage the
nature of the target is recognised. These initial stages are fundamental for see-and-avoid to be successful,

but can be influenced by a wide range of factors.

Position within visual field. For a target to be detected, it must be present within the visual
field. The ability to detect a target that is within the visual field will then depend on its position at the
centre or periphery of the visual field, the apparent size of the object, and any relative movement (Scott

and Wright, 2016).

Visual contrast. The contrast between a target and the background against which it is viewed is
a key determinant of the ease with which it is detected (Scott and Wright, 2016). Particular

considerations in parachuting are the canopy colours,

differentiation between the canopy and the

sky/ground, and the background complexity. Environmental conditions such as light levels, visibility,
and glare can all influence the visual contrast of the target and so the ease with which a target can be

detected (Kroemer and Grandjean, 1997).

Alerting equipment. Where there are no tools available to alert the individual to a target, visual
search will be non-directed and associated with a lower level of success (Australian Transport Safety
Bureau (ATSB), 1991). While alerting systems are common place in commercial aviation, such systems
are not used in parachuting. In parachuting, an alert may be provided by another parachutist giving a
warning or an instructor or safety officer giving talk down instructions.
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Equipment obstructions. The parachute canopy and risers, and the parachutist’s goggles and
helmet could limit field of view. Scratches or marks on the goggles could also reduce visibility.

Time to search visual field. Given the range of movement possible in parachuting, potential
targets could be in a large proportion of the airspace and so even with the application of a highly efficient
visual search strategy it could take considerable time to perform a complete search of the visual field.

Attention and distraction. Attentional resources are limited and so if a parachutist's attention is
targeted at one particular area this is likely to be at the expense of other areas; so if attention is directed
away or distracted from the target, then it may not be detected.

Workload and stress. Parachuting is perceived as a high stress task and so has been used as an
experimental context for research on physiological responses to stress. This research has shown that
physiological stress responses are found before, during, and after parachute jumps (Chatterton, Vogelsong
and Hudgens, 1997) and that stress from parachuting could reduce cognitive performance (Taverniers,
Smeets, Lo Bue, Syroit, Van Ruysseveldt, Pattyn and von Grumbkow, 2011). However, there have been
few studies into the effect on performance and there is no evidence to indicate if workload and stress
varies through the jump, between different types of parachuting, or between parachutists.

Environmental stressors. Stressors such as hypoxia, noise/wind rush, vibration, and
temperature could influence target detection during parachuting. However, there has been relatively little
research to characterise the impact of these factors in the parachuting environment. For instance, while it
is known that hypoxia can lead to impairments to decision making, reaction times, and vision, as well as
changes in attitude to risk (Hodkinson, 2011; Petrassi, Hodkinson, Walters, and Gaydos, 2012) there have
been no studies exploring the effect of hypoxia on performance during the dynamic environment of a
parachute jump. Overall noise levels have been measured in civilian parachuting, indicating a noise level
of approximately 105dB across all phases of the jump (aircraft flight, free fall and under canopy; Penman
and Epstein, 2011); however, no study has been identified which measures the noise levels at each stage
of the jump. No research has been identified to determine the levels of vibration found when parachuting.

Diffusion of responsibility. Diffusion of responsibility is "The process by which individual's
may fail to act in a situation requiring intervention as a result of the presence of other people” (Stratton
and Hayes, 1999). The scope for diffusion of responsibility to influence see-and-avoid behaviour has
been considered in relation to piloted aircraft (ATSB, 1991) and may be applicable to parachuting.

Assess collision risk

Once detected, the parachutist must determine if the target poses a collision risk. This task
involves assessment of the other’s trajectory and speed in relation to the parachutist’s own flight path.
Many of the same factors which reduce the likelihood of detecting and recognising the target could also
influence this task — particularly the visibility of the target, workload, and environmental stressors.
However, there are also HF issues specific to the decision process.

Nature of the flight paths. The parachutists may only be on a conflicting path for a short period
of time which could limit the opportunity for the collision risk to be assessed. Unpredictable movements
by either of the parachutists would also make it difficult to assess the risk of collision.

Judgement of speed, trajectory, and size. Assessment of own and other’s speed, trajectory and

size during a parachute descent is purely visual and so subject to a range of visual illusions and
misjudgements which could lead the parachutist to believe that a collision was less likely than it was.
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Gathering additional information to reduce the likelihood of misjudgement takes time and so reduces the
time available to take avoiding action.

Decision time. The time required to recognise a collision will vary depending on a wide range of
factors including the clarity of information regarding the collision risk, training, and experience. FAA
Advisory Circular 90-48D suggests five seconds is required to recognise a mid-air collision risk, although
the extent to which this applies to decision making while parachuting is not known.

Training and experience. It is not known if training in assessing collision risk could improve
parachutist’s judgement. However, a greater level of training and experience at the tasks being performed
could improve decision making at critical times.

Decide on avoiding action

Having identified that there is a risk of a collision, the parachutist must choose an appropriate
avoiding action. Workload, environmental stressors, training, experience, and decision time could
influence this task, alongside three factors specific to this stage of PSA.

Procedures. Where procedures are available for the parachutist to adopt to avoid the collision,
and the parachutist is aware of those procedures, it may be possible to achieve a reliable level of
performance.

Diffusion of responsibility. Responsibility for collision avoidance is placed with the upper
parachutist during a descent (BPA, 1998). This clear specification of roles is beneficial in preventing
confusion when deciding on an avoiding action, but could lead the lower parachutist to delay making a
necessary avoidance decision due to a perception (conscious or otherwise) that the upper parachutist
would take the action.

Freezing response. Although response to emergency situations has often been characterized as
“fight or flight’, the response to freeze - or take no action - has also been observed. Leach (2004)
characterizes the freezing response as reflecting a situation in which "no behavioural schema" exists and
the person perceives that the time to choose the appropriate behaviour is longer than the time available.
Such a response could be anticipated in a PSA if the parachutist does not feel able to select and
implement a suitable response in the perceived time available before the collision.

Implement avoiding action

The final two stages of the PSA model reflect the human and system tasks to implement the
avoiding action. As with the previous stages, the operation of the controls could be influenced by
workload, environmental stressors, training, and experience. However, the nature of the tasks associated
with implementing avoiding action introduces novel influences.

Equipment usability. The design of the controls for adjusting the canopy could impact on the
ease with which actions are implemented.

Reaction time. Simple reaction times (for a simple motor action to a stimulus) can be as short as
0.15 secs, and for a simple choice between three options it has been estimated that reaction time could be
as fast as 0.4 secs (Kroemer and Grandjean, 1997). This figure is in line with the FAA Advisory Circular
90-48-D which uses a reaction time of 0.4 secs once a course of action has been selected. However, no
data was identified which recorded the time taken to operate parachute controls.
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Physical characteristics. The size, shape, and other physical characteristics of the parachutist
can impact on their ability to operate the parachute controls. In particular, the anthropometry of the upper
body and the parachutists’ strength are relevant to the task of taking action to avoid a collision. Injury,
either pre-existing or sustained during the jump may also impact on the parachutist’s ability to implement
the required actions.

Lag time. There will be a lag time between the parachutist operating the control and the
parachute changing direction which could influence the ability to avoid the collision.

Discussion

RAF CAM has developed an initial model of PSA which has been adapted from models of
similar tasks undertaken by aircraft pilots. The PSA model has been applied during the investigation of
two parachuting accidents. In these investigations, the use of the model enabled the investigator to
characterise which stages of PSA had been successful, and where shortfalls may have occurred. As such,
the model contributed to understanding what happened during the accident.

The inclusion of the factors that could influence each stage of PSA within the model was
particularly beneficial during the investigation process as it enabled a wide range of factors to be
considered and provided a framework against which the available evidence could be compared. By
reviewing the evidence against these factors, the PSA model contributed to understanding why the
collision avoidance process was unsuccessful. In doing so, the analysis identified changes which could be
made to improve safety and reduce the likelihood of recurrence. The two HF investigations produced a
total of 23 recommendations which covered issues including training, parachuting equipment, and talk
down practices.

In developing and applying the PSA model it has become apparent that there were a number of
areas where adequate research was not available to determine if a factor could influence the risk of a
collision. In particular, further research is required to determine the impact of workload and stress,
hypoxia, noise, and vibration on performance during parachuting tasks. Further work is also required to
conduct full scrutiny of the PSA model. To date the model has only been applied to two parachuting
accidents, both involving military personnel; therefore further assessment would be required to determine
the suitability of the model for both military and civilian parachuting. However, the initial work
presented in this paper suggests that the application of the PSA model could be beneficial to improving
safety and reducing the risk of mid-air collision in parachuting.
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This paper addresses the landings on wrong runways/ at wrong airports happened between
03/26/1992 and 05/08/2012. The visibility, intended landing runway heading, accident landing
runway heading, pilots’ flight hours, and the ages of those pilots are studied to test whether they
have correlations with the number of personnel injury, the number of personnel death, and the
degrees of aircraft damage. Some significant findings are: the most likely angular difference between
the supposed landing runway headings and wrong runway headings among wrong runway/airport
landings is 180 degrees, and there is a weak negative correlation between aircraft damage and pilot
flight hours. All the data used in the paper was collected from the National Transportation Safety
Board (NTSB) database.

Introduction

Ever since first manned flight, the people have been enjoying the freedom of flight, and they must land back on
earth. However, landing is not always so easy. The legendary pilot Chuck Yeager once said, “If you can walk away
from a landing, it's a good landing. If you use the airplane the next day, it's an outstanding landing ('Yeager, 2016,
p.1).” The researchers of this research analyzed total of 84 accidents and incidents due to landings on wrong
runways or wrong airports between 1992 and 2012 in the States. There are many studies that have been focused on
landings at wrong airports regarding spatial disorientation and aviation physiology, but few existing research studies
available based on empirical data based on the perspectives of pilots. In the study, the researchers reviewed the
accident and incident reports from the NTSB database to conclude what pilot-related factors may cause landings on
wrong runways or wrong airports. After a series of search and discussions, the researchers narrowed down these
variables in this study: visibility, supposed landing runway heading, accident/incident landing runway heading, pilot
in command flight hours, the age of the pilots, the degree of aircraft damage, andthe numbers of injuries or deathes
and their injury conditions.

Literature Review

Mismatches between external world reality and the “internal world” aircrew mental picture relative to the
real world would cause landings at wrong airports. In other words, the pilots misjudged the time, speed and distance,
finally misidentified the wrong airport as the correct ones through the distortion of the facts of the reality (Antuano
& Mohler, 1989). Landings on wrong runways or at wrong airports can be considered as the instances of
disorientation on the part of the pilot. The pilots who become disoriented, are inadequately informed by the the
external visual environment, deceived by the force environment, or both effects (Stott, 2012). The main cause of
such accidents or incidents can be listed as perceptual error under errors under unsafe acts of pilots by Human
Factors Analysis and Classification System (HFACS) (Shappell & Wiegmann, 2000). It is noteworthy that the
NTSB is calling on the FAA to issue new rules requiring controllers to withhold a landing clearance until after an
aircraft has passed all other airports that may be confused with the destination airport (Croft, 2015). This terse news
shows that the aviation safety investigation body come to realize that other than pilot errors, there are more things
can be done outside the cockpit. From renowned researcher Dr. Douglas Wiegmann, it has been learn that aviation
accidents; especially general aviation accidents, usually happen when pilots fly VFR (Visual Flight Rules) into
instrument meteorological conditions (IMC), and the reason behind that can be from the pilots don’t realize the
dangerous transition between VFR and IMC during the flights, or they are overconfident in their piloting skills and
don’t fully appreciate the risks of flying into the adverse weather (Wiegmann & Goh, 2002). According to the
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Aircraft Owners and Pilots Association (AOPA), “since 2002, more than 86% of all fixed-wing VFR-into-IMC
accidents have been fatal” (AOPA, 2016). Even before this alarming number found in 2016, there was a research
paper suggested ground all VFR (Visual Flight Rules) flights when there are Marginal VFR weather conditions
because it had shown that restricted visibility was the leading cause or a contributing factor in the fatal accidents
when those accidents materialized in Marginal Visual Flight Rule (MVFR) or Instrument Flight Rule (IFR)
(Pearson, 2002).

On average, there are more than ten incidents of commercial operations involved with landings on the
wrong runways every decade domestically and internationally combined since 1960s (Silversmith, 2016). Even
though commercial pilots are better trained compared with general aviation counterparts; however, they would land
on the wrong runways, and even wrong airports in perfect weather conditions. A research team from Purdue
University found that runway incursions occur at a more frequent rate for airports with intersecting runways
compared to airports with no intersecting runways after they analyzed the data from the 30 busiest airports with
intersecting runways and the 30 busiest airports without intersecting runways were compared in USA between 2009
and 2013 (Johnson, Zhao, Faulkner, & Young, 2016). In the research, two independent variables: the flight hours of
the pilots in command, and the age of pilot, which could be counted as liveware in the SHELL (Software, Hardware,
Liveware, Liveware) model proposed by the International Civil Aviation Organization (ICAO) in ICAO Circular
216-AN31. The model put emphasis on the connection between liveware and either one of rest four components,
and it shows that any breakdown of two or more components can lead to human performance problem (Australian
Government, 2014).

Mr. Voogt and Mr. Doorn recommended comparison of airports near the destination airport and the use of
GPS to the identification procedure to prevent landing at wrong airports after they did an analysis of 54 incidents
and 11 incidents happened between 1981 and 2004 (De Voogt & Van Doorn, 2007).

Research Questions

The researchers of this study addressed the following questions:

What is the most likely angular difference between the supposed landing runway headings and wrong
runway headings among wrong runway/airport landings? (descriptive statistics)

What is the flight hour distribution of the pilots in command from the wrong runway/airport landing?

What is the most likely visibility when the wrong runway/airport landing? (descriptive statistics)

What is the correlation between the degree of aircraft damage and the flight hours of the pilot, age of the
pilot? (MLR)

What is the correlation between the degree of personnel injury and the flight hours of the pilot, age of the
pilot? (MLR)

What is the correlation between the number of personnel loss and the flight hours of the pilot, age of the
pilot? (MLR)

Methodology

The data is from NTSB (National Transportation Safety Board) aviation accident database, and the
database is accessible to the public. The query is constrained to wrong runway or wrong airport, broad phase of
flight: landing, and Injury Severity: all. There are entirely 82 NTSB accident or incident reports generated. In other
words, there is a total valid sample size of 82 (n=82). The accidents/incidents happened between March 26", 1992
and May 8", 2012.

Most of the independent variables in the research are directly from the NTSB report, the visibility, the
mislanded runway heading, and the flight hours of the pilot, and the age of pilot.

For the dependent variables in the research, there are aircraft damage, the number of people injured, and the
fatality number directly from the NTSB report. And the researchers can either determine the supposed runway the
pilot should land at from reading the description of accident or incident in the NTSB reports or get it directly from
the description from the NTSB report. In order to do a multilinear regression, the degrees of aircraft damage have
been converted to numerical variables like 0, 1, 2, 3 in respect to none, minor, substantial destroyed. And for the
same reason, the researchers combined the degree and the number of personnel injury together, and the new
indications are 0, 1, 2 in respect to nobody injured, one person with minor injury, one person with serious injury.

Results

The angular difference between supposed landing runway heading and mislanded landing runway heading
distribution is shown below:
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The graph shows that the most frequent (59/82) angular difference between the supposed landing runway
headings and wrong runway headings among wrong runway/airport landings is 180 degrees.

The flight hour distribution of the pilots in command having the wrong runway/airport landing is presented
in histogram shown below:
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The histogram indicates that the absolute majority of the pilots in command from wrong airport/runway
landings are in low flight hour range.

The visibilities of accidents and incidents are recorded below:
Count of Visibility
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From the graph, the researchers found out the most likely visibility in the wrong runway/airport landings
are 10 statute miles (SM). And the average visibility in the wrong runway/airport landing is 14 SM.

The Multilinear Linear Regression (MLR) is used to test the correlation between the degree of aircraft
damage and the flight hours of the pilot, age of the pilot.

By using MLR, the researcher found out that there is a correlation between the degree of aircraft damage and the
flight hours of the pilot, age of the pilot because the whole model Pr value is 0.002, which is smaller than the alpha
value 0.05. However, after a further examination, it has been found out that Pr value of age of pilot is greater than
0.05, hence the researchers used Bonferroni method to remove the independent variable age of pilot, and made a
new single linear regression (SLR) to show the correlation between the degree of aircraft damage and hours of
flight.

By using the SLR analysis, it shows that there is a correlation between the degree of aircraft damage and
the flight hours of the pilot. And it can be expressed as the following equation:
Y =-0.00003330 X +2.13139

Y: Degree of aircraft damage, and X: Hours of Flight.

The MLR is again used to test the correlation between the degree of personnel injury and the flight hours
of the pilot, age of the pilot. By using the MLR, the researchers found out that there is no correlation established
between the degree of personnel injury and the flight hours of the pilot, age of the pilot because Pr value of the
model is 0.3963 and it is bigger than the alpha value.

Finally, the MLR is used to test the correlation between the number of personnel loss and the flight hours
of the pilot, age of the pilot. The researchers found out that there is no correlation established between the degree of
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personnel injury and the flight hours of the pilot, age of the pilot because Pr value of the model is 0.2639, and it is
greater than the alpha value 0.05.
Discussion

There were total 82 observations of the angular difference between mislanded runway heading and
supposed runway heading, but there are only 80 valid observations because two observations are lack of supposed
landing runway headings and mislanded runway headings. The absolute majority of the angular difference is 180
degrees. In other words, most of the pilots in the wrong runway/airport landing accidents landed in the tail wind.
They were either unware of tail wind situations or making the risky landings with the knowledge of the tailwind, all
of those corresponded with the fact that most of the pilots were low-flight-time pilots in the research. And the next
most frequent angular difference is 0 degree. It entails the following situations: landings on the parallel runways in
the same airports, landings on the parallel runways in different airports, or landings on the same runways in the same
airports.

Against the findings of many previous spatial disorientation studies, the accidents/ incidents in this research
happened on excellent weather condition in terms of visibility (average visibility 14 SM). One possible reason is that
the accidents/incidents pilots are low hour pilots and they were apt to flying in Visual for Reference (VFR) weather.

There is only one weak negative correlation existed between the degree of aircraft damage and the flight
hours of the pilots in command, which makes sense because more experienced pilots can make better judgments so
that minimize the damage to aircraft in accidents/incidents.

There is no correlation between the degree of personnel injury and the flight hours of the pilot, age of the
pilot. And there is no correlation between the number of personnel loss and the flight hours of the pilot, age of the
pilot. One reason is that there were not enough samples with the personnel injury or loss so that it is impossible to
establish statistical significance.

According to the NTSB, most of the accidents are attributed as “WRONG RUNWAY - SELECTED -
PILOT IN COMMAND?”. However, this study tends to find out what has caused these pilots, even the more
experienced ones to commit such error? It is deemed that to choose a right runway regarding wind condition is the
basics of pilotage skills. As stated by Wiegmann and Shappell (Wiegmann & Shappell, 2001), various human
factors could play a role in these accidents and NTSB’s report may not be comprehensive enough for covering these
factors behind.

Human Factors Analysis and Classification System (HFACS) is a framework developed by Dr. Weigmann
and Dr. Shappell based on Reason’s Swiss cheese model in 1990. HFACS framework allows investigators to
identify Human causes in aviation accidents. Developed from the Swiss cheese model, HFACS has gone further
from just identifying latent and active failures. The framework was initially developed for the U.S. military use, but
it has also now been applied outside the military. HFACS categorized human error into four levels of failure, namely
I) Unsafe Acts of operators, I) Preconditions for unsafe acts, 111) unsafe supervision and 1V) organizational
influences.

From studying the final report of each case in the NTSB’s database, it revealed that rarely did NTSB
indicate how the pilots achieve weather information. Most of the information is factual and does not disclose why
and how the pilots make such mistake in selecting the wrong runway. According to HFACS classification, selecting
the wrong runway is probably a decision error or a skill-based error, if not a violation. Regrettably, the factual
information in NTSB’s report is too scarce to deduce what are the human factors that caused pilots errors, as all of
the 78 cases showed no mechanical failures in the aircraft.

The results of the regression analysis revealed that there is a correlation between flight hours of pilot and
aircraft damage: the higher the flight hours obtained by the pilot, the lesser damage is to a plane. Such result is in
line with previous similar research on crash rate (Li, et al., 2003). Although the rate of wrong runway landings does
not change significantly across pilots’ age, flight experience as measured by total flying hours does have a
correlation with wrong runway landings. Li, et al. (2003) in a similar study found that flight experience has a
protective effect against the risk of crash decreases as flight experience increases until a certain threshold, which is
5000 hours of flight. It can be regarded that as pilots built their flight experience, they are exposed to a variety of
risks and probably have learned how to handle different risk through experiencing them. Such risk handling skills
enable pilots with more flight experience to choose the runway correctly when wind information is presented.

On the other hand, the age of pilots may not necessary be associated with the degree of aircraft damage.
Although pilots are more vulnerable to health problems through aging, FAA’s rigorous health standards on the pilost
are not interrelated with applicants’ age. If a pilot can obtain FAA’s airman medical certificate, it denotes that
his/her health is up to an airman standard and are deemed fit to fly and not jeopardizing flight safety. If a pilot’s
health function is disqualifying, he/she would be declined in the issuance of airman medical certificate, leaving only
those who are medically fit in the skies. Our research, in fact, reflects that a wrong runway landing is more related to
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the pilots’ ability to make a right decision rather than aircraft maneuvering skills. Such ability is part pf the pilots’s
situaton awareness which is not correlated with age, but experience.

From the study statistics, most accidents being studied happened at day time rather than night time. In fact,
only 5 cases (6.7%) and 1 case happened at night and dusk respectively. It is suggested that it is because pilots are
more vigilant at night and more likely to verify information in a meticulous manner. At night, windsocks can hardly
be identified and may cause pilots to stay cautious to weather information. This results are in line with FAA’s (Lee,
2012) findings in 2011. Pilot’s attitude toward risk and their risk perception should not be overlooked. This research
shows that pilots committing wrong runway landing varied drastically in terms of flight experience, ranging from
student pilots to airline transport pilot. The least experienced student pilot clocked 22 hours, while the most
experienced pilot had 19306 hours of flight. This suggested that with ample of flight experience, a pilot can still
make basic mistakes if they are not vigilant enough.

Based on NTSB data for U.S. rotorcraft accidents from 2001-2010, over 88% of the accidents occurred in
daylight conditions and over 95% occurred in visual meteorological conditions. Interestingly, 60 of all 78 (77%)
accidents happened in between 1992-2002, and only 18 (23%) of them happened in between 2002-2012. Such huge
difference in accident rate has aroused our attention. One probable reason for such discrepancy may be attributed to
the technology advancement and a deeper understanding on aviation human factors. Glass cockpit on light aircraft
wasn’t something new. In 2003, Cirrus Design Corporation began to use glass cockpits in Federal Aviation
Administration (FAA)-certified light aircraft as electronic primary flight displays (PFD). The company quickly
standardized electronic PFDs on their SR20 and SR22 models subsequently. These electronic PFDs also as known
as glass cockpit displays, are integrated with a lot of functions which are necessary to pilots, such as terrain and
traffic avoidance, synthetic vision, and autopilots and global positioning systems(GPS) (National Transportation
Safety Board, 2010). Glass cockpit has proven very useful in commercial aviation by relieving pilot’s workload. It is
thus deduced that the glass cockpit when coupled with integrated weather update service, have greatly reduced the
chances of wrong runway landing, particularly the 180 degree ones (i.e. landing on the opposite direction) either by
directly navigating or giving cues to pilots to land on the right runway.

The other reason for less accidents reported during 2002-2012 perhaps may be the deeper understanding
and emphasizes of human factors and safety in aviation. The airlines started to look into human factors and
employed crew resources (CRM) training after the 1977 Tenerife airport disaster after two Boeing 747 collided.
Human factors have been studied greatly. In 1980, several authorities including the European Joint Aviation
Authority (now EASA) have incorporated quality assurance program in their management system, and FAA quickly
followed them as well.

10-15 years later, in the 1995 aviation safety summit which comprises of about a thousand representatives
from the aviation sector, FAA’s administrator David Hinson advocated to work towards a goal of zero accidents in a
large, international scale. In the summit meeting, FAA formed a new office of system safety and issued an aviation
safety action plan with 173 initiatives. These are regarded as stepping stone of the current safety management
system(SMS) which is required by ICAO to be implemented by aviation service providers in 2006 (Britton, 2016).

The introduction of the notion of safety in human factors and implementation of SMS in general aviation
have been raised the pilots” concern for safety training. Now, it is an order from FAA (FAA, 2016) to develop and
implement SMS in certain providers, such as flight schools in the United States. Under the implementation of SMS
on flight schools, training organizations and airline operators, it is thought that pilots’ attitude and understanding
towards aviation safety have been improved. Pilots may have been benefited by going through a more rigorous
training and thus lowered the chance by committing errors.

In Weigmann and Shappell’s study (2001), it revealed that skill based and decision errors have accounted
for over forty percent of all the accidents which associated with human errors. In this study, 62 out of 75 (83%)
cases have landed on the opposite runway. Presume these errors are made by pilots out of decision error by
wrongfully selected the opposite runway, it is believed that decision errors and skill-based error are easily being
made in the landing phrase. In fact, according to FAA, there are more than 250 accidents happened during the
landing phase in 2014 and were accounted for the largest portion of accidents by flight phases. Decision errors
denote when an operator implements a plan which is unsatisfactory in achieving the desired outcome and results in
an unsafe situation and skill-based error entails an error which occurs in the execution of a routine procedure by an
operator (Wiegmann & Shappell, 2001).

In our study, most pilots select the wrong runway under daylight with good visibility and weather
conditions. Although NTSB did not provide sufficient factual information, we suspected that the pilots committed
these errors either by not understanding wind components and intentionally chose the wrong runway (decision error)
or simply mixed up the runway and landed wrongly (skill-based error). Landing phase is the busiest phase of a flight
and pilots would be busy setting up an aircraft for landing configuration. Such high workload could distract pilots’
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concentration on their decision-making process and makes them feel tired and disorientated, especially when the
pilots are landing at somewhere with which they are not familiar. We, therefore, advocate that pilots are easier to
commit skill based and decision error during the landing phase.

It must be stressed that HFCAS is much more than just skilled-based and decision errors. There are also
other latent factors, such as environmental factors and physical conditions of operators and supervision factors.
However, because of not having enough the factual information from the NTSB, we propose the most probable
reason for wrong runway landing by cross referencing Weigmann and Shappell’s data.

Conclusion

Wrong runway landings can be lethal if not handled properly. When pilots are flying into an uncontrolled
airport, it is pilots’ duty to ensure flight safety by choosing the most suitable runway based on factors inside and
outside cockpits. This paper studies the correlation between flight experience, the age of pilots, personnel injury,
aircraft damage and visibility and the results are tabulated and presented. Findings show that there is a correlation
between flight experience and degree of personal injury and aircraft damage, and the possible cause of such
correlation is discussed. It is hoped that through such study, more attention would be given to pilots’ training in
Aeronautical Decision-Making(ADM) and wrong runway landing awareness in the future.
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Aircraft accidents are generally the end result of a number of latent conditions
arising in the organizational and managerial sectors. These conditions frequently
permit or even motivate the unsafe acts by the flight crew. The Human Factors
Analysis and Classification System (HFACS) is a system safety tool for the
investigation and analysis of underlying human causal factors in aircraft
accidents. Using the HFACS framework, four researchers classified the human
factors identified by the Brazilian Aeronautical Accidents Investigation and
Prevention Center (CENIPA) during the investigation of a mishap (PR-AFA) that
happened in Brazil in 2014. CENIPA argued that errors and violations by both
pilots contributed to the accident. Results of this study indicate that inappropriate
decision making by upper-level management had an adverse effect on the
performance of the PR-AFA pilots. Most importantly, safety strategies to mitigate
unsafe acts by crewmembers should receive significant attention from the highest
managerial levels of the organization.

Approximatelly 80% of aircraft mishaps are associated with human errors (Wiegmann &
Shappell, 2003). The terms human error and procedural violations may have limited value in
preventing future accidents (Reason, 1997, 1998). These factors could indicate where the
breakdown occurred, but provide no guidance as to why an accident occurred or how to prevent
one from occurring in the future (ICAQO, 2013; Reason, 1998; Wiegmann & Shappell, 2003).
Several accident causation models have been developed to assist in mitigating human errors and
violations. The Human Factors Analysis and Classification System (HFACS) describes four
levels of failure (Li, Harris, & Yu, 2008; Wiegmann & Shappell, 2003) proposed in the Reason
model (Reason, 1997, 1998). HFACS is a system safety tool that can be used within aviation
sectors to systematically and effectively examine underlying human causal factors during the
investigation of aircraft accidents. This tool facilitates the development of data-driven investment
safety strategies to enhance aviation safety addressing areas where the benefits will be the
highest.

A Cessna Citation CE-560XLS+, registered as PR-AFA, crashed in Brazil in August
2014, claiming the lives of seven people, including a Brazilian presidential candidate during the
political campaign. The Brazilian Aeronautical Accidents and Prevention Center (CENIPA)
thoroughly investigated this accident (CENIPA, 2014) in accordance with the ICAO Standards
and Recommended Practices (SARPs) (ICAO, 2016). Weather conditions were below flight
minimums at the destination airport. The crewmembers performed an instrument flight rules
(IFR) procedure and missed approach with a profile different from the one prescribed in the
aeronautical chart. In addition, CENIPA (2014) presented other human factors issues that could
have contributed to the accident, such as fatigue, spatial disorientation, and poor team dynamics.
Using the HFACS framework, the purpose of this case study was to analyze the human factors
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elements, including errors and violations, which may have contributed to the accident. Findings
were expected to suggest new insights to mitigate the risk of aircraft accidents due to human
factors.

The Human Factors Analysis and Classification System

Safety professionals have used organizational and systemic models during the
investigation of aircraft accidents as well as the development of the ensuing mitigation strategies
since the 1990s (Reason, 1997, 1998). Human factors models such as the “Swiss Cheese”, also
known as Reason’s model (Reason, 1997; 1998), and the HFACS model (Wiegmann & Shappell,
2003) provide a better capture of the complexity of organizational and social-technical systems.
Therefore, they enable safety professionals to have a greater understanding of the factors that
may contribute to aircraft mishaps (Shappell et al., 2007). Reason’s model, the most popular
accident causation framework, describes the interactions between active failures by frontline
personnel and latent conditions. According to Reason (1997, 1998), it is inadequate to attribute
accidents to individual operator performance. Human errors and violations are the end result
rather than the cause of mishaps, and just the starting point of the safety investigation process.
Accident investigators must focus on events beyond the Unsafe Acts by pilots to latent
preexisting conditions, which are usually induced by fallible decisions made on managerial
levels.
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Figure 1. The HFACS Framework. Adapted from the “Human error approach to aviation
accident analysis: The human factors analysis and classification system” by Wiegmannn, D. A.,
& Shappell., S. A. (2003). Burlington, VT: Ashgate Publishing Limited.

The HFACS framework was drawn upon the concept of latent conditions and active
failures by Reason (1997). It bridges the gap between theory and pratice by providing safety
professionals with a scientifically tested framework designed to investigate the active failures by
operators. Additionally, it also encourages safety experts to investigate the latent conditions
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upstream in the organization (Shappell et al., 2007; Wiegmann & Shappell, 2003). The HFACS
model succesfuly describes human errors at four levels: Unsafe Acts of Operators, Preconditions
for Unsafe Acts, Unsafe Supervision, and Organizational Influences. The HFACS framework is
presented diagrammatically in Figure 1.

Each lower level is impacted by the higher levels in the HFACS framework (Li et al.,
2008). The HFACS model goes beyond the identification of unsafe acts by frontline employees,
and provides a better understanding of the latent conditions that permited or even prompted
Unsafe Acts by human operators. Human errors and violations are viewed as consequences of
systemic failures, and are the starting point of an investigation process (Wiegmann & Shappell,
2003). The use of the HFACS framework during the investigation of mishaps facilitates the
identification of the contributing factors to the accident, the elaboration of hypotheses, and the
development of safety recommendations designed to mitigate latent conditions and Unsafe Acts,
greatly improving aviation safety.

The PR-AFA Accident

The PR-AFA, a Cessna Citation CE-560XLS+, was on a non-scheduled flight from
Santos Dumont Airport (SBRJ) bound for Santos Aerodrome (SBST), in Brazil, on August 13,
2014. At the time of the accident, the destination airport was operating under severe weather
conditions with mist and rain significantly affecting both visibility and operational ceiling. The
crewmembers informed the Aerodrome Flight Information Service (AFIS) their intention to
perform a non-directional beacon (NDB) instrument flight rules (IFR) approach procedure to
land on runway 35. However, they did not follow the profile of the Echo 1 IFR procedure.
CENIPA raised the hypothesis that the captain used the aircraft flight management system
(FMS) to intercept a direct approach to land at SBST, even though the aircraft manual warned
the crew that the FMS visual approach mode must not be utilized in instrument meteorological
conditions (IMC) as a substitute for IFR approaches. The pilots discontinued their approach, but
did not follow the profile prescribed in the aeronautical chart. The PR-AFA crashed into the
ground at a high negative pitch angle and at a high speed, killing two pilots and five passengers,
including a well-known Brazilian politician who was campaigning for president. The mishap was
thoroughly investigated by CENIPA (CENIPA, 2014).

In addition to the aforementioned factors, CENIPA (2014) posited in its final report that
both pilots had not had the adequate and prescribed training while transitioning to the CE-
560XLS+ (they were not qualified in that aircraft model). CENIPA (2014) also argued that other
human factors issues could have contributed to this mishap. For example, at the time of the
accident, there was a self and organizational pressure on the pilots relative to flight schedule due
to the political campaign of a passenger. Analysis of the copilot’s voice, speech, and tone
indicated compatibility with fatigue and somnolence. Moreover, both pilots had difficulties in
applying crew resource management concepts. CENIPA (2014) also postulated that the first
officer operational capabilities (e.g., cockpit and operational routine management, provision of
support as a pilot-not-flying [PNF], effectiveness in the execution of procedures) were
inadequate. Those conditions degraded the crewmembers’ aeronautical decision making process
(ADM).

Following CENIPA (2014), the captain had previously utilized the FMS resources (visual
mode) for making direct approaches and very likely used the FMS for reducing the time spent in
the Echo 1 IFR procedure. Because the pilots did not follow the profile of the Echo 1 IFR
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procedure, and due to a tailwind, the crewmembers had difficulty in maintaining a stabilized
approach. Thus, they had to perform a missed approach. Yet, after the missed approach the flight
crew attempted to maintain visual meteorological conditions (VMC), despite the bad weather
conditions. CENIPA (2014) also claimed that the inadequate training, the conflicting relationship
and synergy between crewmembers, and the pilots’ personal characteristics (e.g., captain
authoritarian, first officer passive) hindered the dynamics of the crewmembers, and greatly
increased their workload. Moreover, such conditions favored the onset of spatial disorientation of
an incapacitating type during a high-risk flight-condition.

Methods

CENIPA is a Brazilian Air Force organization responsible for the investigation of aircraft
accidents and incidents involving civil and Brazilian Air Force aircraft in Brazil, all in
accordance with the ICAO SARPs. The final report of the PR-AFA, the unit of this case study,
was available at the CENIPA website. Using both tabular and narrative data from the PR-AFA
final report, each human causal factor was classified using the HFACS framework (Wiegmann &
Shappel, 2003). One researcher, who had previous HFACS training and experience using the
model during the investigation of aircraft mishaps, made the initial classification. After that, the
remaining members of the research team, all with experience in aviation safety and human
factors, reviewed potential classifications independently until all researchers reached an
agreement. Considering the high inter-rater reliability found in previous studies using the
HFACS model (Li et al., 2008; Shappell et al., 2007; Wiegmann & Shappell, 2003), consensus
classification was deemed appropriate for the study.

Findings and Discussions

The current study presents an analysis of the accident involving the PR-AFA, a Cessna
Citation CE-560XLS+, using the final report by CENIPA (2014) and the HFACS tool
(Wiegmann & Shappell, 2003). The HFACS model provides safety investigators with an
empirically tested framework that bridges the gap between theory and practice, and assists in
identifying and classifying human errors and violations in aircraft mishaps. In addition, it helps
safety professionals to focus on latent conditions, active failures, and their interrelationships
(Wiegmann & Shappel, 2003). Most importantly, it permits the identification of the underlying
causes of Unsafe Acts by crewmembers.

The analysis of this accident started with the level most closely tied to the mishap:
Unsafe Acts of operators (Wiegmann & Shappell, 2003). In the first level, researchers agreed
that the following actions by the crewmembers could be classified as:

1. Execution of the Echo 1 IFR procedure by the flight crew even though the weather was

below the minimums for the procedure (Exceptional Violation);

2. Probable use of the aircraft FMS by the pilots to make a direct approach (Routine

Violation);

3. Nonconformity with the profile established in the aeronautical chart during the

procedure (Routine Violation) and ensuing missed approach (Exceptional Violation);

4. Attempt to maintain VMC during the missed approach (Decision Error); and

5. Inadequate response to spatial disorientation (Percpetual Error).
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Latent conditions, arising in the managerial and/or organizational levels, such as failing
to provide crews with proper training, are unavoidable components of the aviation system. They
could combine with local triggering conditions and allow or even induce unsafe acts by frontline
personel (Reason, 1997, 1998). Unsafe acts of crewmembers can reduce safety margins and lead
to mishaps. However, it is paramount to investigate the second level of the HFACS framework,
Preconditions for Unsafe Acts, in order to better prevent future accidents. For example, both
pilots had not received the prescribed training to transition to the Citation CE-560XLS+
(Personal Readiness). Therefore, they did not have the adequate knowledge and skills to safely
operate the aircraft, or the adequate experience for the complexity of the situation (Mental
Limitations). In addition, such conditions reduced the pilots’ situational awareness (SA) and
demanded more cognitive efforts during the IFR procedure, especially the missed approach. The
copilot’s fatigue and somnolence were Adverse Physiological States that also reduced the
crewmembers’ SA, thus precluding their ADM process and the safe operation of the aircraft
(CENIPA, 2014). In the final report, CENIPA argued that both pilots had difficulty in applying
CRM concepts. Even more, they had an unfriendly relationship before the accident. Hence, this
situation led to poor coordination, confusion, low SA, and inadequate ADM by both pilots (FAA,
2016). Moreover, these factors most likely contributed to the spatial disorientation of the flight
crew. The researchers agreed that loss of SA, complacency, and overconfidence (Adverse Mental
States) were factors that adversely influenced the pilots’ performance and ADM. The operational
environment, the deteriorating weather before and during the time of the accident, also had an
adverse effect on the Unsafe Acts by the flight crew. First officer operational weaknesses as a
crewmember (Mental Limitations) also was a precondition for the unsafe acts committed by the
flight crew.

The Unsafe Supervision level of the HFACS framework connects Unsafe Acts by pilots
to the level of the front-line supervisors. The role of front-line supervisors is to provide their
personnel leadership, training, guidance, and the adequate tools to perform their jobs efficiently
and safely (ICAQ, 2013; Shappell et al., 2007). At the supervisory leadership level, researchers
identified actions and inactions that had an adverse effect on the safety of the PR-AFA. For
instance, both pilots were neither provided with nor required to undergo the adequate and
prescribed training before operating the aircraft. Leadership also failed to provide proper CRM
training for both crewmembers. Middle management failed to identify and correct risky
behaviors by the captain (e.g., inappropriate use of the aircraft FMS; poor CRM skills), by the
first officer (e.g., lack of aptitude and skills to act as a crewmember), and the unfriendly
relationship of the crewmembers. Additionally, front-line supervisor(s) failed to provide
adequate rest in order to mitigate fatigue (Inadequate Supervision). The fourth level of the
framework describes the contributions of fallible decisions in upper-levels of management that
have a negative effect on the lower levels of the model. Corporate-level decision-making for
organization resources, including monetary and human resource management (e.g., inadequate
CRM training), played a role in this accident (Resource Management). A poor safety culture
(Reason, 1997, 1998), and ill-defined safety policies (ICAO, 2013) contributed to the mishap
(Organizational Climate). Finally, organizational pressures due to the presidential campaign
(e.g., time; schedule), and inadequate safety programs to mitigate safety hazards were latent
conditions that allowed and prompted unsafe acts by the crewmembers (Organizational Process).
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Conclusion

Human errors and violations in aviation are elusive and complex to investigate. The
accident involving the PR-AFA was analyzed using the HFACS framework. This analysis,
demonstrated that actions and inactions at the highest organizational levels can promulgate
throughout lower levels. Moreover, those actions and inactions could allow or even motivate
Unsafe Acts by crewmembers on the aircraft flight deck. Furthermore, it indicated that the
HFACS framework could provide accurate information that should be used for the development,
implementation, and the quantifiable assessment of effective safety intervention and mitigation
strategies addressing the highest organizational levels. The most cost-effective strategies with the
greatest improvement in safety should target these areas (Li et al., 2008; Reason, 1997, 1998;
Shappel et al., 2007; Wiegmann & Shappell, 2003).
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The National Aeronautics and Space Administration (NASA) Flight Operations Center —
Unified Simulation (FOCUS) lab at Middle Tennessee State University (MTSU) is a high-fidelity
simulation of a regional airline’s flight operations center. During a simulation, a team of senior
undergraduate aerospace students must work together across disciplines to manage 24 simulated
Canadair Regional Jet— 200 aircraft and resolve real-world scenarios. After the simulation, the
lab’s staff evaluates the team’s performance, which is discussed during its After Action Review
(AAR). The AAR allows the team to establish strategies and an action plan to improve its
performance and skills during subsequent simulations. Overall, as the lab continuously increases
in standardization and fidelity through various ways, such as the utilization of WSI Fusion and
WSI Fusion Replay, the lab’s simulations help MTSU’s aerospace students improve their problem
solving, teamwork, coordination, and communication skills while also helping the lab’s staff
conduct reliable research on teamwork.

Every position in the aviation industry, such as flight dispatchers and pilots, operates in a complex
environment requiring effective teamwork, communication, coordination, and problem-solving (Helmreich, 2000).
Without these elements, accidents and incidents can occur, which can lead to a tremendous loss of life (Helmreich,
2000). Unfortunately, a gap still exists between the information and skills that students learn in the classroom and
the effective application of the skills and information in the real-world setting (Sleeper & Thompson, 2008). As a
result of the massive increase in computing power and various types of technology over the last decade, there has
been an increase in the development and use of high-fidelity simulations in aviation to resolve this issue (Beaubien
& Baker, 2004; Miller, Crandall, Washington, & McLaughlin, 2012).

A simulation is technology that is designed in such a way as to virtually reproduce one aspect of the
working environment (Maran & Glavin, 2003; Sleeper & Thompson, 2008). Simulations can be classified into three
different types of fidelity (Beaubien & Baker, 2004; Maran & Glavin, 2003). Fidelity is defined as the extent to
which a simulation’s behavior and appearance match the appearance and behavior of the replicated aspect of the
working environment. The first type of fidelity is called physical fidelity (Maran & Glavin, 2003). Physical fidelity
is the extent to which a simulation replicates the physical aspects of the actual working environment. Although
increasing the physical fidelity of the simulation helps participants slightly improve their performance and skills, an
increase in physical fidelity can cost a significant amount of money. The second type of fidelity is called equipment
fidelity, which means the extent to which a simulation replicates the sensory information, such as the motion and
visual cues, of the actual work environment (Beaubien & Baker, 2004). The third type of fidelity is called
psychological fidelity (Maran & Glavin, 2003). This type of fidelity means the extent to which a simulation
replicates the actual work environment’s tasks and responsibilities. The level of psychological fidelity of a
simulation depends on the task being replicated and the skills that participants need to be able to transfer to the
actual working environment. For example, simulations replicating complex work environments, like the aviation
industry, need to have a high level of psychological fidelity to help participants improve their skills and prevent
them from experiencing a negative transfer of training (Maran & Glavin, 2003).

There are several advantages of using simulations that are high in all three types of fidelity. First, teams and
individuals in simulations can practice the knowledge and skills that they have learned (Beaubien & Baker, 2004).
Second, after applying or not applying their knowledge and skills to a situation in a simulation, teams and
individuals can observe the positive or negative consequences of their action or inaction while in a safe
environment. Third, simulations allow teams and individuals to face and respond to emergency scenarios that are
impossible to train for in actual work environments (Beaubien & Baker, 2004). Fourth, simulations provide an
opportunity to train teams and individuals on human interaction skills, such as coordination, communication,
problem-solving, and teamwork (Shapiro et al., 2004). Finally, simulations that are immediately followed by a
debriefing process allow participants to understand how they performed, identify their strengths and weaknesses,
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and learn how they can improve their teamwork and human interaction skills in subsequent simulations and the real-
world environment (Fanning & Gaba, 2007; Hunt, Shilkofski, Stavroudis, & Nelson, 2007; Shapiro et al., 2008)

However, there are also some negative aspects of simulations that are high in all three types of fidelity. For
example, the teams and individuals participating in the simulation can be reluctant to participate, which can cause
them to put little effort into the simulation’s scenarios and tasks (Sleeper & Thompson, 2008). Also, if unrealistic
scenarios are implemented into a simulation, the teams and individuals participating in the simulation can learn
inappropriate skills and information. In addition, teams and individuals participating in a simulation may feel
overwhelmed by the stress, time pressure, and scenarios if they have never had an opportunity prior to the
simulation to practice their knowledge and skills (Beaubien & Baker, 2004).

In conclusion, high-fidelity simulations are critical tools for training teams and individuals in the aviation
industry. Although there are possible weaknesses associated with high-fidelity simulations, they have many
strengths. For example, high-fidelity simulations allow teams and individuals to apply their knowledge and skills
toward real-world scenarios in safe environments and learn how to improve their skills and performances during
debriefing sessions. However, one of the most important strengths of simulations is that they train teams and
individuals on human interaction skills, such as coordination, communication, teamwork, and problem-solving
skills, that are crucial for working in the aviation industry.

History and Concept of the NASA FOCUS Lab

Before 2010, Middle Tennessee State University’s (MTSU) Aerospace Department was teaching students
in their specific aerospace concentrations, or educational “silos.” This means that students in one aerospace
concentration at MTSU were only taught the skills and information that they needed to succeed in the aviation
industry and never truly interacted with students from the other aerospace concentrations. For example, the students
in the flight dispatch concentration at MTSU only took classes and interacted with students in the flight dispatch
concentration. This was a major problem for the department because aviation professionals from every aerospace
concentration must effectively communicate, coordinate, problem-solve, and work together across disciplines 24
hours a day, seven days a week in the industry in order to conduct legal, safe, and efficient operations. In addition,
several experts in the aviation industry have found that it can take up to 10 years for newly-hired aviation
professionals, such as recent aviation graduates, to truly understand the big picture of the aviation industry and how
their decisions and performances impact the aviation company that they work for and, ultimately, the aviation
industry. In response to these issues, Dr. Paul A. Craig, an MTSU aerospace professor, decided to apply for two
National Aeronautics and Space Administration (NASA) grants to build a simulation lab that could bring all of
MTSU’s aerospace students from every aerospace concentration together in order to break down the aerospace
department’s educational silos, reduce the amount of time it takes for recent MTSU aerospace graduates to
understand the big picture of the aviation industry and how their performances impact the industry, and help
MTSU’s aerospace students enhance their teamwork skills that are critical for working in the aviation industry. In
2010, Dr. Craig was awarded both NASA grants, and he used them to create the simulation lab called the NASA
Flight Operations Center — Unified Simulation (FOCUS) lab.

The NASA FOCUS lab is a high-fidelity simulation of a Part 121 regional airlines’ flight operations center.
Every MTSU senior undergraduate aerospace student enrolled in the “Aerospace Senior Capstone Lab” are placed
into teams of 10 to work a three-hour “shift” in the flight operations center for the virtual airline called “Universal
E-Lines.” Also, each team’s students are placed into one of the following positions that are directly related to their
aerospace concentrations: Flight Operations Coordinator (FOC), Maintenance Control, Maintenance Planning and
Scheduling, Flight Operations Data 1 (FOD 1), Flight Operations Data 2 (FOD 2), Crew Scheduling, Weather and
Forecasting, Nashville International Airport (BNA) Ramp Tower / Duty Pilot, and Canadair Regional Jet (CRJ) —
200 Flight Crew. For example, if one student on a team is in the flight dispatch concentration, then that student will
be placed in the FOC position. During a three-hour simulation, the students on a team must coordinate,
communicate, problem-solve, and work together across concentrations to manage Universal E-Lines’ 24 simulated
CRJ-200 aircraft. These aircraft operate approximately 80 flights in the southeastern United States along a hub-
spoke system to 14 spoke airports, such as McGhee Tyson Airport and Tampa International Airport, and two hub
airports, which are Nashville International Airport and Jacksonville International Airport.
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However, the previously-mentioned positions are not all in a single location at MTSU. These positions are
in one of three locations that are utilized during every simulation. The first location is the NASA FOCUS lab, which
is home to Universal E-Lines’ flight operations center. The positions located in the flight operations center are the
FOC, FOD 1, FOD 2, Weather and Forecasting, Maintenance Control, Maintenance Planning and Scheduling, and
Crew Scheduling. The second location is the BNA Ramp Tower, which is in a room adjacent to the lab. The BNA
Ramp Tower is home to the BNA Ramp Tower / Duty Pilot position where he or she manages Nashville
International Airport’s arriving and departing aircraft and reroutes all cargo and passengers that missed their
connecting flights at Nashville International Airport. The third location is the MTSU Simulator Building at
Murfreesboro Municipal Airport (KMBT). The MTSU Simulator Building is home to MTSU’s Federal Aviation
Administration (FAA)-certified Level 5 CRJ-200 flight training device (FTD). During every simulation, two
students from a team are sent to the MTSU Simulator Building to fly the CRJ-200 FTD as three of Universal E-
Lines” simulated flights. One additional location that is not home to a student’s position is the office across the hall
from the NASA FOCUS lab. In this office, a lab staff member plays the role of the pilot-in-command for every
Universal E-Lines’ simulated flight, except the flights operated by the CRJ-200 Flight Crew.

In addition, during a three-hour simulation, the NASA FOCUS lab staff, which consists of professors,
graduate students, and undergraduate students from MTSU’s Aerospace Department and Industrial and
Organizational Psychology program, implements real-world scenarios into the simulation, which gives students on a
team the opportunity to enhance their skills and apply the knowledge that they have gained throughout their
undergraduate aerospace education to resolve the scenarios. After a team creates and carries out a solution for each
scenario, the team immediately learns how its solution impacted Universal E-Lines through simulated financial data
and immediate feedback from the lab’s staff. Also, while a team is managing Universal E-Lines’ flights and
resolving real-world scenarios, the lab’s staff conducts various measures and takes detailed notes about the team’s
performance. These measures and notes are used to give the team constructive and concrete feedback on their
performance at the After Action Review (AAR), which is a facilitated debriefing process that helps a team identify
how it can improve its performance and skills in subsequent simulations.

Implementation and Standardization of Real-World Scenarios

During a simulation, the NASA FOCUS lab staff implements real-world scenarios, or triggers, that vary in
difficulty into the simulation. Before 2016, the lab’s staff would implement a different number of triggers that varied
in difficulty into the simulations for each team. However, during 2016, the lab’s staff decided to standardize the
triggers. This means that every team now faces the same number and difficulty of triggers, which increases the
reliability of the data collected during each simulation. Also, after the lab’s staff implements the triggers into a
simulation, the team must resolve the triggers in a legal, safe, and efficient manner. After the team creates and
implements a solution into the simulation, the lab’s staff evaluates and determines the effectiveness and
appropriateness of the solution. If the solution was not legal, safe, and efficient, then the team faces negative
downstream consequences, such as a simulated financial penalty and missed passenger connections. Overall, the
implementation of negative downstream consequences allows MTSU’s aerospace students to understand how their
decisions and performances impacts the virtual airline and, ultimately, the aviation industry.

High-Fidelity Components of the NASA FOCUS Lab

The NASA FOCUS lab relies on both specially developed and commercially available technology and
software to provide MTSU’s aerospace students a realistic simulation that will enhance their teamwork knowledge,
skills, and abilities (KSASs) and prepare them for working in the aviation industry.

At every position in the NASA FOCUS lab and the BNA Ramp Tower, there are new Dell Optiplex 7040
desktop computers with 22-inch dual monitors that provide each student the capability to access multiple sources of
information without any delays and the necessary space to organize the multiple sources of information. In addition,
interactive Microsoft Excel documents have been developed for each position in the lab and BNA Ramp Tower that
students can manipulate on their computers to gather the information that they need to complete their positions’
tasks and responsibilities. The students also manipulate the Excel documents to gather the information that they need
to share with their team in order to resolve real-world scenarios. Every position in the lab and BNA Ramp Tower
has Plantronics headsets connected to their computers for direct verbal communications with any team member or
lab staff member.
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In addition, each position and the lab’s staff utilize two computer applications called Join.Me and Skype in
order to manage and communicate information to one another. “Join.Me” is a screen-sharing application that allows
the lab’s staff to view each position’s desktop screen and analyze and record each student’s performance during a
simulation on a mobile-device that has internet capabilities, such as a laptop computer or tablet. Also, Skype allows
every student in the lab and BNA Ramp Tower to communicate information verbally and through text messages to
one another in order to manage Universal E-Lines fleet. The staff also uses Skype to communicate with the students
at the positions in the lab and BNA Ramp Tower to provide them with technical assistance and respond to the
team’s solutions to the real-world scenarios that are implemented into the simulation.

Every position in the lab and BNA Ramp Tower has access to three new 65-inch Sony Ultra High
Definition televisions on both sidewalls of the lab that display three specific sources of information. The first source
is the Universal E-Lines’ flight schedule. The flight schedule displays every simulated flight’s number, departure
airport using its International Civil Aviation Organization (ICAQ) identifier, departure time, destination airport
using its ICAO identifier, and arrival time. The flight schedule also has five status lights for each simulated flight to
inform the students in the lab and BNA Ramp Tower when the flights are about to reach their scheduled departure
time, due, in progress, delayed by more than 15 minutes, and delayed by more than 30 minutes. These five status
lights are automatically updated throughout the simulation by comparing each flight’s departure time to the current
Zulu time. The flight schedule also displays each team’s average arrival and departure performance, total time of
delays, delay loss, and daily revenue, which are automatically updated when a Universal E-Lines’ flight is released
from its departure airport or arrives at its destination airport. The second source of information that is displayed on
the televisions in the lab is the radar screen. The radar screen displays all of Universal E-Lines’ simulated flights and
the flights being operated by the CRJ-200 Flight Crew that are in progress, so the students in the lab and BNA Ramp
Tower can monitor the progress of each flight. The third source of information displayed on the televisions in the lab
is the weather radar, which displays the weather in the southeastern United States.

In the room adjacent to the lab, the BNA Ramp Tower consists of three 55-inch LG televisions, four
control stations, and 12 servers. The 12 servers operate the Computer Sciences Corporation and Frasca software that
provides the graphical display of each Universal E-Lines’ flight on the radar screen in the lab and the programs at
each control station in the BNA Ramp Tower. The software also generates a 150-degree view of Concourse C at
Nashville International Airport on the three televisions that Universal E-Lines’ simulated aircraft utilize. The student
in the BNA Ramp Tower / Duty Pilot position uses this view to safely and efficiently manage and monitor the
movement of Universal E-Lines’ simulated aircraft at Nashville International Airport.

Located in MTSU’s Simulator Building at the Murfreesboro Municipal Airport (KMBT), the FAA-certified
Level 5 CRJ-200 FTD, or simulator, is used during every NASA FOCUS lab simulation. Two students from the
team in the lab are sent to KMBT to fly three flights for Universal E-Lines. While the students are flying these
flights for Universal E-Lines, the team in the lab can track the flights on the radar screen due to several network
connections. Students in the lab can also communicate with the students in the CRJ-200 simulator using Voice Over
Internet Protocol (VOIP) connections. Specifically, the students in the Maintenance Control, BNA Ramp Tower /
Duty Pilot, FOC, and Weather and Forecasting positions will use the VOIP connections to verbally communicate
information to the students in the CRJ-200 simulator that is pertinent to their flights, such as the dispatch release and
weather information. Also, the students in the CRJ-200 simulator will use the VOIP connections to verbally
communicate information about their flights to the students in the lab.

In March 2016, The Weather Company, an IBM business, and Southwest Airlines donated five licenses for
the aviation analysis and flight tracking software called WSI Fusion and the weather replay software called WSI
Fusion Replay. With WSI Fusion, the lab’s staff has and continues to capture the weather on the radar; weather data;
Air Traffic Control demand, ground stops, and weather reports (i.e., METARS) from the airports that Universal E-
Lines services; and various weather charts (i.e., Winds Aloft charts) from any day. After capturing the data and
charts, the lab’s staff saves them in WSI Fusion Replay and Microsoft Word documents. Then, one week prior to a
team’s simulation, the Chief Meteorologist for the NASA FOCUS lab provides the student in the Weather and
Forecasting position the weather data and charts to analyze and create a weather briefing that he or she will give to
the team before its simulation begins. The student also creates a briefing for each flight operated by the CRJ-200
Flight Crew, which he or she must give to the CRJ-200 Flight Crew before each flight using the VOIP connections.
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Once the simulation begins, the student in the Weather and Forecasting position uses WSI Fusion Replay to
view the saved weather and analyze how it will impact Universal E-Lines’ operations in the southeastern United
States. The student also has to utilize WSI Fusion to ensure that the winds at each airport do not exceed each
simulated CRJ-200’s maximum crosswind or tailwind components. Based on the weather shown on WSI Fusion
Replay, the student in the Weather and Forecasting position must pick the most legal, safe, and efficient route for
each Universal E-Lines’ flight. The student has three options for each flight that are already programmed into WSI
Fusion Replay. The first option is called CP1, or company preferred 1. This route is the most direct route from a
flight’s departure airport to its destination airport. The other two options are called CO1 and CO2, or company
option 1 and company option 2. These routes are not direct routes between a flight’s departure airport and
destination airport. These routes are intended to be used when a flight must fly around hazardous weather, such as
thunderstorms or icing conditions. After gathering the wind and route information for each Universal E-Lines flight,
the student in the Weather and Forecasting position must give that information to the Flight Operations Coordinator
(FOC), who relays the information to the pilot-in-command of each Universal E-Lines flight.

Overall, WSI Fusion and WSI Fusion Replay are providing many benefits to both MTSU aerospace
students and the lab’s staff. One of the benefits of this software is that MTSU’s aerospace students are given the
opportunity to use software that current regional and major Part 121 airlines are using daily to monitor the progress
of their flights, ensure that their flights do not fly into hazardous weather, and make determinations on whether to
release their flights. By having experience using this software, MTSU’s aerospace students will have a significant
competitive advantage over other aerospace graduates. Second, the software allows the lab’s staff to use the same
weather scenarios across teams. Before WSI Fusion and WSI Fusion Replay, students in the Weather and
Forecasting position would have to analyze live weather data and weather charts; however, if there was not
significant weather in the southeastern United States, the students would not have many tasks or responsibilities to
complete, reducing the usefulness of the simulation training for that student. With WSI Fusion and WSI Fusion
Replay, students in the Weather and Forecasting position on every team encounter the same weather scenarios,
which increase in difficulty in the teams’ subsequent simulations. As a result, the software keeps the students in the
Weather and Forecasting position engaged in the simulation and provides them the opportunity to enhance their
problem-solving, communication, coordination, and teamwork skills. Third, by using the same weather scenarios
across teams, the lab’s staff can collect more valid and reliable data than ever before. Finally, since this software is
used by both regional and major Part 121 airlines, this software ultimately enhances the fidelity of the NASA
FOCUS lab’s simulations.

When the NASA FOCUS lab was created, there were no documents that could accurately track each
student’s performance in the lab’s simulations. Therefore, over the last four years, the lab’s staff has created more
than 20 documents that determine whether or not the students on a team are completing their tasks legally, safely,
and efficiently. The documents also help the lab’s staff determine the simulated financial penalties a team should
receive due to not following federal regulations and standard operating procedures, not dispatching flights in a safe
or efficient manner, or not resolving downstream consequences. After a simulation has ended, the documents used
by the lab’s staff are gathered and used during the lab’s After Action Review to give every team member
constructive and concrete feedback about how they performed in the simulation and how the team can improve its
performance in subsequent simulations. Overall, the purpose of the documents is to help students realize that their
decisions and performances do affect the success of the virtual airline.

After Action Review

After a team’s simulation ends, the students on the team must complete an After Action Review (AAR)
form, which asks the students about the strengths and weaknesses of the team, along with ways in which the team
can improve in subsequent simulations. One week after the team’s simulation, the students bring their AAR forms to
the lab’s AAR. The AAR is facilitated by MTSU’s Industrial and Organizational (1/0) Psychology professors and
graduate students. During an AAR, the 1/0O professors and graduate students provide the team feedback on how they
performed during their simulation. Also, the 1/0 professors and graduate students ask the team members to discuss
the team’s strengths, weaknesses, and areas of improvement. This allows the team to learn from their mistakes,
reinforce their strengths, and build new strategies that can improve their weaknesses during subsequent simulations.
In addition, the 1/0 professors and graduate students discuss the team’s decisions that violated Federal Aviation
Regulations and standard operating procedures to ensure that the students on the team do not make the same
decisions again in subsequent simulations and in the actual aviation industry. Overall, the lab’s AAR provides
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MTSU’s aerospace students the opportunity to create strategies that can combat their weaknesses; enhance their
strengths; and improve their teamwork, coordination, communication, and problem-solving skills that they need to
become successful aviation professionals.

Summary

In conclusion, the NASA FOCUS lab is an important training and research tool for MTSU’s aerospace
students and the lab’s staff. By participating in the lab’s high-fidelity simulations and AARs, MTSU’s aerospace
students can enhance their problem-solving, communication, coordination, and teamwork skills that they need for
working in the aviation industry and reduce the amount of time needed for fully understanding the big picture of the
aviation industry. Also, the lab’s high-fidelity simulations provide the lab’s staff the opportunity to conduct valid
and reliable research on various aspects of teamwork, which is used to publish articles in highly-respected academic
journals, such as Human Factors. As the NASA FOCUS lab continues to improve, it will continue to be an
important tool for MTSU’s aerospace students, the lab’s staff, and the aviation industry.
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TEAMWORK AND EMERGENT COGNITIVE STATES AS PREDICTORS OF ROUTINE AND ADAPTIVE
PERFORMANCE IN FLIGHT DISPATCH CENTERS

Glenn E. Littlepage and Megan Wertheimer
Middle Tennessee State University
Murfreesboro, TN

This study examines relations between the emergent cognitive state of transactive memory, the
emergent affective state of collective efficacy, teamwork processes, and team performance.
Mediation is examined as well as comparison of states and processes related to performance in
routine and non-routine situations.

Meta-analytic findings indicate that teamwork processes are related to team performance (Lepine, Piccolo,
Jackson, Mathieu, & Saul, 2008). Meta-analysis has also shown that the emergent states of collective efficacy and
transactive memory are known to relate to team performance (DeChurch & Mesmer-Magnus, 2010; Stajkovic, Lee,
& Nyberg, 2009). Salas, Sims, & Burke, 2005 theorized that cognitive states provide a basis for teamwork
processes. This suggests that teamwork processes serve as a mediator between cognitive states and team
effectiveness. Based on previous research and theories of Marks, Mathieu, & Zaccaro (2001), and Salas and
colleagues (Salas, Rosen, Burke, & Goodwin, 2009; Salas et al., 2005) we propose the following hypotheses:

H1: Teamwork processes are positively related to team performance

H2: Emergent states are positively related to teamwork. Specifically, H2a: Collective efficacy is related to
effective teamwork, H2b: Transactive memory is related to effective teamwork.

H3: Emergent states are positively related to team performance. Specifically, H3a: Collective efficacy is
related to team performance, and H3b: Transactive memory is related to team performance.

H4: Teamwork mediates relations between emergent states and team performance.

Routine vs. Adaptive Performance

Teams in aviation conduct many routine activities, but also must adapt to unexpected situations. Airline
operations offer a context in which to study team performance in both routine and non-routine contexts.
Performance during routine tasks and non-routine tasks can be markedly different. Cognitive ability is more critical
on non-routine tasks and dependability (closely following existing protocols) facilitates performance on routine
tasks while it may be dysfunctional on non-routine tasks where adaptation is needed (LePine, 2003). Likewise,
effective teams modify interaction patterns (Stachowski, Kaplan, & Waller, 2009) and strategies (Randall, Resick, &
DeChurch, 2011) to cope with non-routine situations. In addition, non-routine task contexts may require changes to
the role relations between members (LePine, 2003). Furthermore, LePine (2005) observed only a moderate
relationship (r = .38) between team performance on routine tasks and performance on non-routine tasks requiring
adaptation. These findings suggest the relations between both emergent cognitive states and teamwork behaviors
with team effectiveness may differ across routine and adaptive performance. These theories and findings suggest
important differences between routine and adaptive performance. Based on the literature on team adaptation, we
explore relations between emergent states and team processes with team performance separately for routine and non-
routine tasks.

Method
Participants

Forty teams of senior-level aerospace students comprised this study. These students came from different
aerospace specialties including flight dispatch, professional pilot, maintenance management, aerospace
administration, and aerospace technology. Participants were assigned to specific positions in the flight operations
center simulation (described below).
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Procedure

The study was conducted in a high-fidelity simulation of an airline’s flight operations center (FOCUS Lab).
Positions in the lab include Flight Operations Coordinator, Flight Planning, Flight Scheduling, Maintenance
Planning and Control, Crew Scheduling, and Weather and Forecasting. The center also externally coordinates with a
Ramp Tower Coordinator, and Pilots. The team works together to release flights and overcome problems (i.e.,
“triggers”) during the simulation. Each team completed two or three simulations, or “work shifts.” Each simulation
lasted approximately two and a half hours. During each simulation, participants came into the lab, worked on their
specific job duties, and coordinated with team members to solve problems as they arose. During each simulation, the
team collectively managed approximately 60 flight elements (takeoffs and landings). See Littlepage, Hein, Moffett,
Craig, & Georgiou (2016) for a complete description of the lab and positions and duties within the simulations.

Measures

Participants completed a 10-item collective efficacy scale based on Quinones (1995). Items were rated on a
five-point scale from strongly disagree to strongly agree. Transactive memory was assessed using a 15 item self-
report scale (Lewis, 2003). These items were rated on a five-point scale from strongly disagree to strongly agree.

Self-rated teamwork was assessed using a teamwork scale developed by Mathieu and Marks based on
Marks et al. (2001). The scale comprised 30 items rated from 1 (not at all) to 10 (a very great extent) and measured
the extent to which team members engaged in certain teamwork behaviors. The scale assesses a broad array of
teamwork behaviors including planning activities such as analysis of goal specification, coordination, backup
behavior, and conflict management. Observer-rated teamwork was assessed using a locally developed ten-item
behaviorally anchored scale. This scale included three subscales: problem solving, coordination, and information
utilization. These items were measured on a seven-point scale from 1 (trainee level) to 7 (professional level).

Both objective and subjective measures of team performance were collected for this study. Delay loss was
measured in dollars and is a consequence of flight delays during the simulation. Delay loss is conceptualized as a
measure of routine performance with lower delay loss representing more effective performance. Trigger
effectiveness measured the team’s performance solving problems that arose during the simulation. Examples
include: pilot illness, mechanical issues, severe weather, and passenger issues. Triggers not only require adaptation
to the current situation, they may also require actions to prevent or minimize disruptions to other flight segments and
to accommodate passengers who are stranded or miss connections. Trigger Effectiveness was measured on a seven-
point scale from 1 (highly ineffective) to 7 (highly effective) by observers upon the completion of a simulation.

Results

Data analyses were conducted at the team level. See Table 1 for means, standard deviations, Cronbach
alpha, and correlations.

Table 1.
Descriptive statistics and correlations.

Measure Mean SD o 1 2 3 4 5
1. Collective Efficacy 2.91 19 70
2. Transactive Memory 3.76 12 13 .08
3. Observer-rated Teamwork 4.54 90 97 -12 37*
4. Self-rated Teamwork 4.10 30 97 -.20 .B1**  58**
5. Delay Loss $25K 14K 10 -00 -5l -14
6. Trigger Effectiveness 4.93 67 07 45%*  66**  48%* -0l
Note. *p <.05; **p < .01
2
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Teamwork and Team Effectiveness (H1).

Observer-rated teamwork was significantly related to both team effectiveness measures: delay loss, where
low scores indicate better performance (r (37) = -.51, p <.01) and trigger effectiveness (r (31) = .66, p <.01). Self-
rated teamwork was significantly related to trigger effectiveness (r (31) = .48, p <.01) but not to delay loss. These
findings provide partial support for H1. Self-rated teamwork was related to observer-rated teamwork, r (38) = .58, p
<.01, providing some evidence of the construct validity of these measures of teamwork behavior.

Emergent States and Teamwork (H2).

Collective efficacy was not significantly related to either teamwork measure, thus hypothesis 2a was not
supported. Transactive memory was positively related to both self-rated teamwork, r (38) = .61, p <.01, and
observer-rated teamwork, r (38) = .37, p <.05. These results provided support for hypothesis 2b.

Emergent States and Team Performance (H3).

Collective efficacy was not related to either delay loss or trigger effectiveness. Transactive memory was
related to trigger effectiveness, r (31) = .45, p = .01, but not to delay loss. This pattern of results does not support
hypothesis 3a (collective efficacy), but provides partial support for hypothesis 3b (transactive memory).

Teamwork as a Mediator (H4).

Based on the pattern of correlations, three relationships showed the potential for mediation. Direct and
indirect effects were identified as described by Hayes (2013). See Figure 1-3 for a visual depiction of the mediation
analyses and standardized regression coefficients. In each figure, the top relationship represents the overall effect of
the predictor on the criterion and the lower relationships represent direct and indirect paths. As indicated in Figure 1,
observer-rated teamwork mediated relations between transactive memory and trigger effectiveness (z = 2.09).

Transactive 0.45* Trigger
Memory Effectiveness

¥

Observer-rated

Teamwork o
"J}*
Transactive 025 - Trigger
Memory 7| Effectiveness

Figure 1. Testing observer-rated teamwork as a mediator between transactive memory and trigger effectiveness.

Although zero-order correlations indicated that self-rated teamwork was related to both transactive memory
and trigger effectiveness, additional analyses did not confirm mediation (See Figure 2). Both transactive memory
and self-rated teamwork were directly related to trigger effectiveness, but no mediation was observed.
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Figure 2. Testing self-rated teamwork as a mediator between transactive memory and trigger effectiveness.

The correlation between transactive memory and delay loss was extremely small (r = -.004). Nevertheless,
mediation analysis indicated an indirect effect of transactive memory on delay loss. (z = - 2.06). The effect of
transactive memory on delay loss was indirect and operated through observer-rated teamwork. This is explained by
the existence of a suppressor variable. A variable with a positive relationship with the predictor and a negative
relationship with the criterion can suppress the observed relationship between the independent and dependent
variable (Schwab, 2005, p. 57). This is the pattern observed in the indirect relationship between transactive memory
and delay loss. Transactive memory was positively related to observer ratings of teamwork and those ratings were
negatively related to delay loss. Note that delay loss is an indicator of poor team performance. This relationship is
shown graphically in Figure 3.

The overall pattern of mediation results provides mixed support for hypothesis 4. Two of the four analyses
suggested that teamwork mediated the relationship between transactive memory and team performance. In both
cases, teamwork was operationalized via observer ratings of teamwork. Mediation was not observed when self-
ratings were used to operationalize teamwork.

Transactive 0.00 Delay
Memorv Loss

Y

Observer-rated

Teamwork ’
.J‘j)*

Transactive 01 Delay
Memory Loss

¥

Figure 3. Testing observer-rated teamwork as a mediator between transactive memory and delay loss.

Routine and Adaptive Performance
Delay loss was conceptualized as a measure of routine performance while trigger effectiveness was

conceptualized as a measure of adaption to non-routine conditions. Results indicated that the two performance
measures were uncorrelated (r =-.01). Predictors such as transactive memory and teamwork ratings showed a more
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consistent pattern of relationships with trigger effectiveness than with delay loss. As previously indicated, trigger
effectiveness was related to transactive memory (r = .45), observer-rated teamwork (r = .66), and self-rated
teamwork (r =.48). Delay loss was related only to observer-rated teamwork (r = -.51).

Discussion

Results indicate partial support for hypothesis 1. Three of the four relations between measures of teamwork
and measures of team performance were significant and moderate or strong in magnitude. Positive relationships
between teamwork and team performance are consistent with theory (Marks et al., 2001; Salas et al., 2009; Salas et
al., 2005) and findings from LePine et al. (2008).

Hypothesis 2 and 3 received partial support. Consistent with hypothesis 2b, transactive memory showed
moderate to large correlations with both measures of teamwork. In partial support of hypothesis 3b, transactive
memory was related to one of the two measures of team performance (trigger effectiveness). The positive
relationships with teamwork and performance are consistent with meta-analytic findings (DeChurch & Mesmer-
Magnus, 2010). Contrary to hypotheses 2a and 3a, collective efficacy was not related to any measure of teamwork or
performance. This is surprising given that meta-analysis indicates the importance of collective efficacy (Stakovic et
al, 2009). While we cannot offer a definitive explanation, the varied roles in the simulation may provide a clue.
Some positions within the simulation (e.g. flight operations coordinator) are especially critical and represent core
roles (Humphrey, Morgeson, & Mannor, 2009). Perhaps on this task where one person performs a coordinating role,
the level of efficacy possessed by the person in this core role is more critical than the overall degree of collective
efficacy. While this potential explanation is speculative, it may be worth exploring.

Partial support was found for hypothesis 4 that teamwork processes mediate the relationship between
emergent states and team performance. No support was found for the mediating role of collective efficacy. One of
the two teamwork measures (observer-rated teamwork) mediated the relationship between transactive memory and
measures of both routine and adaptive performance.

The two measures of teamwork were highly related (r = .58). In some cases they showed consistent patterns
of relations with other variables. This includes significant relationships with transactive memory, and trigger
effectiveness. But observer-rated teamwork was related to delay loss while self-rated teamwork was not. In addition,
observer-rated teamwork mediated relationships between transactive memory and team performance while self-rated
teamwork did not. It is unclear whether these differences represent differing perspectives of the two rating sources
or whether they represent differences in the facets of teamwork rated by the two types of raters. Self-rated teamwork
utilized scales designed to measure the Marks et al. (2001) teamwork model that reflects a broad range of teamwork
behaviors including transition, action, and interpersonal processes. The observer-rated teamwork examined a
narrower set of teamwork processes including problem solving, coordination, and information utilization.

The two measures of team performance, delay loss and trigger effectiveness, were not related. These
measures were representative of two different aspects of team effectiveness. While delay loss tends to capture
routine performance, trigger effectiveness captures adaptive performance. Our finding that the two performance
measures are unrelated is consistent with theoretical positions that distinguish between routine and adaptive
performance (e.g., Burke, Stagl, Salas, Pierce, & Kendall, 2006; Rosen et al., 2011) and are relatively consistent
with previous findings that routine and adaptive performance are not highly related (LePine, 2005). The lack of a
close relation between measures of routine and adaptive performance and the differing pattern of relations with
predictors suggests the need for research that distinguishes between factors related to performance under routine and
non-routine conditions. This is especially true for aviation research because aviation requires performance in both
routine and non-routine situations.
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SELF-LEADERSHIP STRATEGIES & PERFORMANCE PERSPECTIVES WITHIN
STUDENT AVIATION TEAMS

Christopher Ryan Bearden
Middle Tennessee State University
Murfreesboro, TN

This study uses a correlational-design to explore relationships between peer
ratings of team member effectiveness, supervisor ratings of performance, and self-
reported performance strategies associated with self-leadership. Team members
that were perceived as effective by their peers were also favorably rated on job
performance by their supervisors. Peer-ratings on possession of job-relevant
knowledge, skills, and abilities increased with frequency of communication
behaviors, as rated by supervisors. This finding replicates previous research that
suggests talking leads to perceived expertise in teams. Finally, self-goal setting
was found to be related to peer-rated teammate effectiveness, but not supervisor-
rated performance.

Organization-level outcomes may be contingent upon individual-level performance
strategies (Krokos, Baker, Alonso, & Day, 2009). As a normative theory, self-leadership
strategies may be able to prescribe behaviors to individuals that would improve personal
effectiveness at work (Andressen, Konradt, & Neck, 2011). Self-leadership entails both proactive
behaviors and thought processes geared towards engineering productive and positive affective
experiences. Bligh, Pearce, and Kohles (2006) suggest member-to-member interactions may be
improved through individual cognitive-behavioral strategies associated with self-leadership,
which may lead to overall enhanced team efficacy, trust, and commitment to the team. Still,
supervisors perceive team behaviors differently than peers (Murphy & Cleveland, 1991). For
example, talking may lead to perceived competence by team members (Littlepage, Schmidt,
Whisler, & Frost, 1995); however, talking may not lead to increased job performance on
individual taskwork or job duties. The aim of the present study is to explore the relationship
between performance strategies, observer-rated individual performance, and perceived team
member effectiveness in an aviation team work setting. The study will provide a comparison of
the perspectives of work-role performance on various dimensions using a correlational-design.

Methodology

All participants (N = 216) were students enrolled in a southern university’s Aerospace
Seminar. Data was collected from participants enrolled between the Fall semester 2013 to Fall
semester 2016. Participation in the lab portion of the class is required for graduation; however,
participation in the research portion was voluntary. Institutional Review Board approval and
informed consent were obtained before commencing data collection. Participants were assigned
to teams of approximately 10 by the instructor of the aerospace seminar according to their major
concentration within the aerospace program. Data from a total of 33 teams are included.

Each team completes a minimum of three 3-hour iterations in the lab during the course of
the academic semester. The lab portion of the seminar incorporates multiple software
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components and technologies to simulate a regional flight dispatch center, the Flight Operations
Center — Unified Simulation (FOCUS; see Littlepage, Hein, Moffett, Craig, & Georgiou, 2016).
Dispatching flights within the lab requires coordination and information sharing from every
student position. The positions held by students include: flight operations coordinator (FOC),
weather and forecasting (WX), crew scheduling (CS), flight operations data - scheduling
(FOD1), flight operations data - planning (FOD2), and maintenance (MX). Data from other
student positions were not included in this study, namely pilots and ramp tower coordinators.

Measures

Abbreviated Self-Leadership Questionnaire (ASLQ). The ASLQ is a nine item scale
published by Houghton and his colleagues (2012). Self-leadership is assessed using three 3-item
subscales, each subscale is associated with performance strategies subsumed under self-
leadership: behavior awareness and volition, constructive cognition, and task motivation. Lab
participants self-reported on the ASLQ using a 5-point Likert scale from 1 (rarely) to 5 (usually)
during the final class meeting of the semester.

Behaviorally-Anchored Comprehensive Assessment of Team Member Effectiveness
(CATME-B). Each lab participant rates his or her team members (i.e., peers) using the CATME-
B (Ohland et al., 2012) on a scale from 1 (below average) to 5 (excellent). Team members did
not rate themselves because self-ratings tend to be overly biased (Holzbach, 1978), especially for
poor-performers (Murphy & Cleveland, 1991). Each team member is rated by his or her peers
using three dimensions: contributions to the team’s work, teammate interaction, and possession
of related knowledge, skills, and abilities (KSAs).

Individual Performance Measures (IPMs). A series of scales developed within the
FOCUS lab were used to assess individual performance. Scales differ by student position and
were created through the process of task analysis, in which essential work-role behaviors were
identified for each position. Each scale contains three items related to communication that
remain the same across positions; however, all other items are unique to the taskwork required
by each respective position. A different subject matter expert, acting as a supervisor, rated each
position on how often a participant engaged in work-role behaviors during the third simulation
on a Likert-scale from 1 (never) to 7 (always).

Results

See Table 1 for descriptive statistics. The IPMs demonstrated acceptable levels of
internal consistency, FOC (a = .95), WX (a =.93), CS (a=.96), FOD1 (« =.88), FOD2 (a =
.89), and MX (« = .93). Confirmatory factor analysis (CFA) on each IPM provided support for a
correlated two-factor model: taskwork and communication. The ASLQ did not have acceptable
levels of internal consistency, further the CFA failed to support a one-factor model, * (27, n =
85) = 48.82, p =.006, CFI = .88, TLI = .83, and RMSEA = .10. Therefore, the individual ASLQ
items associated with specific strategies were used when calculating correlations. An index of
within-team agreement (r.g) was calculated on each CATME-B item. See Table 2 for average
within-team agreement per item and per position. On average, teams agreed the most on their
members’ possession of KSAs (rwg = .75), and across all items teams agreed the most on the
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effectiveness of the maintenance position (rwg = .79). Average scores for each participant on the
ASLQ, IPMs, and CATME-B and their respective subscales were used to calculate correlations.

Table 1.
Descriptive Statistics

Measure n Min  Max M SD Range
Individual Performance 181 1.78 7.00 5.29 099 8-10
Task-work 181 133 700 529 105 1-7
Communication 181 1.00 7.00 5.30 1.04 1-3
Team Member Effectiveness 198 250 5.00 4.26 0.49 1-3
Contributions to the Team's Work 198 1.00 5.00 4.00 1.09 1
Teammate Interaction 198 250 5.00 4.37 0.47 1
Possession of KSAs 198 250 5.00 441 0.46 1

Note. ! = Scales for task-work behaviors in the individual performance measures varied in size
across position, ranging from 5 items to 7 items.

The self-goal setting item of the ASLQ was positively correlated with perceived team
member effectiveness as rated by his or her peers on both contributing to teammate interaction (n
=51, r =.30, p =.032) and to the team’s work (n = 51, r = .28, p = .045), but not with supervisor
ratings of performance. No other self-leadership performance strategy measured in this study
was correlated with any performance outcomes. See Table 3 for all other correlations.

Table 2.
Average Within-Team Agreement (rwg) for Peer-Rated Teammate Effectiveness

Position
CATME-B Dimension FOC FOD1 FOD2 CS WX MX  Average/ltem
Team's Work 0.78 0.78 0.74 0.71 0.70 0.76 0.74
Teammate Interaction 0.75 0.71 0.72 0.76 0.68 0.79 0.73
Possession of KSAs 0.78 0.72 0.73 0.73 0.75 0.83 0.75

Average/Position  0.77 0.73 0.73 0.73 0.71 0.79

Note. N = 33 teams. CATME-B = Behaviorally-anchored comprehensive assessment of team
member effectiveness; FOC = Flight operations coordinator; FOD1 = Flight operations -
scheduling; FOD2 = Flight operations - weight & balance; CS = Crew scheduling; WX =
Weather & Forecasting; MX = Maintenance control. Team-level ry,q Min = .00 Max = 1.00.

While individual performance was moderately correlated with team member
effectiveness (r = .31, p <.001), contributions to teammate interaction was only correlated with
the communication subscale of individual performance (r = .19, p = .010). Further, teammate
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interaction was strongly correlated with possession of KSAs (r =.75, p <.001), while possession
of KSAs was moderately correlated with the IPM subscale of communication (r = .29, p <.001).

Table 3
Correlations Between Performance Dimensions

Measure 1 2 3 4 5 6 7
1. Individual Performance’ 1
2. Taskwork 97* 1
3. Communication 90*  77* 1
4. Team Member Effectiveness? 31* 31* 27 1
5. Contributions to the Team's Work .26*  .28* .16"  .81* 1
6. Teammate Interaction A3 .09 19 61* .08 1
7. Possession of KSAs 25%  22%  20%  gg* 17f  75* 1

Note. * = Correlation is significant at the .01 level (2-tailed); * = Correlation is significant at
the .05 level (2-tailed). * = Ratings provided by lab researchers acting as job supervisors. 2 =
Ratings provided by peers on the same team as the participant.

Discussion

Self-goal setting is a performance strategy that was found to be related to teammate
perceptions of effectiveness. Other performance strategies that comprised the constructive
cognition and task motivation dimensions, including self-observation, visualizing successful
performance, self-reward, self-talk, and evaluating beliefs and assumptions, were not related to
peer-perceived effectiveness or supervisor-rated performance. The strategies measured may not
generalize to the aviation industry or perhaps only the specific research setting. Another
explanation is that the items did not adequately capture these strategies.

Members of the student teams generally shared an acceptable level of consensus on
member effectiveness across the three dimensions: contributing to the team’s work, contributing
to the team’s interaction, and possession of KSAs. Teams shared the strongest level of agreement
on the effectiveness of the flight dispatcher (FOC) and the maintenance control position, and the
weakest level of agreement on the effectiveness of the weather and forecasting position. In other
words, the participants generally agreed on the level of KSAs, contributions to the team’s work,
and contributions to the team’s interaction of their peers within the lab.

On average, as team members were rated more favorably by their supervisor on job-
related tasks and communication behaviors, such as the sharing and solicitation of information
and coordination, they were also perceived as more effective by their peers. Further, team
members seen by their peers as contributing to the team’s work, were seen by supervisors as
engaging in job-related tasks and behaviors. Team members perceived by their peers as
contributing to team interaction through feedback seeking and providing encouragement, were
also favorably rated by a supervisor on frequency of communication behaviors, but not on
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performing job-specific duties. Interestingly, as team members engaged in communication
behaviors more frequently, they were perceived by their teammates as possessing superior
knowledge, skills, abilities.
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STUDENT PERCEPTIONS ON THE USEFULNESS OF SIMULATION-BASED TRAINING

Andrea M. Georgiou, Megan E. Wertheimer, & Megan E. Snodgrass
Middle Tennessee State University
Murfreesboro, Tennessee

The NASA Flight Operations Center Unified Simulation (FOCUS) lab is a high-fidelity
simulation of an airline operations center. Its purpose is to train senior aerospace students
to collaborate and communicate effectively with team members in a highly
interdependent environment that mirrors the airline industry. Data was collected from the
participants on their perceptions and the lessons learned from running the lab. These
results were analyzed across eleven semesters over the last five years. Specifically, the
quantitative data captured student perceptions about whether the lab was helpful in
preparing them for their future job demands. The qualitative questions assessed their
most important lessons learned, the problems they encountered, and their recommended
changes.While there were some variances in student perceptions, teamwork and
communication were repeatedly cited as being the most crucial variables to their success
in running the virtual airline.

Airline operations are complex and demand multi-level coordination and communication among
multiple teams to ensure safety and efficiency (Zaccaro, Marks, & DeChurch, 2012). Even as some issues
are outside one’s immediate control, such as hazardous weather and in-flight equipment failures, people
can control how they react and take action to resolve issues. Integral to safe operations, teamwork training
is woven into the airline industry for pilots, dispatchers, flight attendants, and many other entities. The
NASA Flight Operations Center Unified Simulation (FOCUS) lab provides the platform for
undergraduate aerospace students to improve and refine their non-technical teamwork, aeronautical
decision-making, communication, and situational awarness skills. With 5 years of collected data, we felt it
was appropriate to assess how the simulation lab has been helpful in improving their teamwork KSA'’s
(knowledge, skills, and abilities) and review participant suggestions for revising or upating the simulation
design.

Simulation-based training (SBT) is an excellent way to allow individuals to practice their
technical and non-technical skills in a nonconsequential environment (Alinier, Hunt, Gordon, &
Harwood, 2006; Beaubien & Baker, 2004; Lazzara et al., 2010; Shapiro et al., 2008). While the training
efficacy of the NASA FOCUS lab has been confirmed (Littlepage, Hein, Moffett, Craig, & Georgiou,
2016), the perceptions of the participants were not formally analyzed prior to this study. As part of quality
control going forward with the simulation training, it was important to analyze participant feedback after
completion of the lab. As participant reactions to training can have implications for learning and transfer
of training, evaluating how they felt about the simulation experiences and lessons learned is a vital
educational component of the training (Morgan & Casper, 2000). According to the FAA (2005),
collecting participant feedback after training has proven helpful to determine areas that can be
strengthened. With the rapidly evolving technological and regulatory changes in the aviation industry, it is
important to continuously monitor the realism of the simulation design, scenarios, and debriefing
procedures.

Method
Participants

572 senior-level aerospace students participated in this research while enrolled in their capstone
course. These students came from different aerospace majors including professional pilot, flight dispatch,
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maintenance management, aerospace administration, aerospace technology, and unmanned aircraft
systems. They worked together in teams comprised of approximately ten students. Each student was
assigned to a position in the flight operations center simulation (described below). These positions are
similar to those typically found in airline operations.

Simulation Lab

The FOCUS Lab is a high-fidelity simulation of a true flight operations center. Upon entering the
lab, students are onboarded to a simulated airline, Universal E-lines, and trained in their respective
positions before participating in a simulation. Positions include the Flight Operations Coordinator, Flight
Operations Data, Flight Operations Scheduling, Maintenance Planning and Control, Crew Scheduling,
and Weather and Forecasting. Ramp Tower Coordinator is in an adjoining room. Pseudo Pilot is in a
separate, nearby location and the CRJ Pilot Crew is off-site flying a simulator connected to the lab’s
software. During the simulations, teams work together to release flights and solve problems as they arise
during their shift. They participate in three simulations throughout the duration of the semester and review
their performance in an After Action Review (AAR) following each simulation. See Littlepage, Hein,
Moffett, Craig, & Georgiou, 2016, for an in-depth description of the lab.

Procedure

Data were collected over the last five years across eleven semesters with three to six teams
participating in the lab each semester. After being onboarded to Universal E-lines, students participate in
three simulations that act as their “work shifts” lasting approximately two and a half hours. During the
simulations, participants completed their position’s job duties while coordinating with other team
members to solve various problematic scenarios that arise. The overall goal is to release flights safely and
efficiently. A week after each simulation, participants engage in an AAR (After Action Review) to
discuss their performance in the lab including what went well, what did not go well, and what behaviors
led to various outcomes. Following the third simulation and associated AAR, all students completed an
evaluation of the lab wherein they were asked quantitative and qualitative questions regarding what they
learned, problems they encountered, and what they would change about their experience.

Two researchers separately content coded the qualitative comments. The first rater content coded
the comments and developed the overarching categories for each qualitative question. Then, these
overarching categories were given to the second rater and the second rater content coded the comments
according to those categories. Inter-rater reliability was assessed using Cohen’s Kappa to adjust for
chance agreement. Then, a third researcher assessed all of the comments for which coders disagreed and
made an expert judgment as to the final codes for frequency calculations.

Measures

Although participants take many measures throughout the duration of their participation in the
FOCUS Lab, the measure of interest for this study is the FOCUS Lab Evaluation. This measure consisted
of five quantitative items and four qualitative questions. The five quantitative questions were rated on a
scale from 1 (Strongly Disagree) to 6 (Strongly Agree) and were as follows: “The FOCUS Lab experience
helped me learn how my aerospace specialization relates to other specializations,” “The FOCUS Lab
experience helped me understand the work of other specializations,” “The FOCUS Lab experience
helped me understand the need for good communication among specializations,” “The FOCUS Lab
experience helped me understand the need for coordination among specializations,” and “The FOCUS
Lab experience will help me with the job demands as I start my professional career.” The qualitative
questions were, “What is the most important thing you learned in the FOCUS Lab this semester,” “What
were some of the problems you encountered in the FOCUS Lab that prevented smooth operations,”
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“What would you change about the FOCUS Lab and your experiences in the lab to help future students,”
and “Is there anything that should have been included in the previous classes that would have made you
better prepared to work in the FOCUS Lab.” As described above, the qualitative questions were coded for
content and then recoded by a second coder to assess inter-rater reliability.

Results

Inter-rater agreement was .78 and Cohen’s Kappa was .75. The average rating of each of the five
guantitative items assessing the understanding of specialization relationships, the work of specializations,
the need for communication, the need for coordination, and the perception that the lab prepared them for
job demands were all relatively high (M = 5.16, M =5.18, M = 5.47, M = 5.45, M = 4.96, respectively).
See Table 1 for the breakdown of these average ratings across semesters. Overall, ratings were stable
across time.

Table 1.
Average Ratings of Quantitative Items across Semesters.

.H(?W . Understand I R Job
Semester Specializations Specializations Communication  Coordination Demands

Relate
Fall 2011 5.28 5.38 5.69 5.67 5.11
Spring 2012 5.04 5.02 5.36 5.33 4.78
Fall 2012 5.16 5.26 5.53 5.42 5.32
Spring 2013 5.21 5.30 5.51 5.49 5.10
Fall 2013 5.14 5.16 5.55 5.43 4.84
Spring 2014 4.96 5.12 5.24 5.23 4.96
Fall 2014 5.11 5.11 5.44 5.39 4.94
Spring 2015 5.34 5.28 5.45 5.45 5.15
Fall 2015 5.13 4.82 5.50 5.53 4.69
Spring 2016 5.37 5.46 5.54 5.63 4.89
Fall 2016 4.58 4.58 5.13 5.08 4.58

In order from highest to lowest frequencies, the categories derived for each question and
examples of qualitative comments are described in Table 2. The frequency of responses in each category
for each question are in Table 3. Results indicate that for question one, the two most frequently listed
responses for the lessons learned were in relation to communication/coordination (N = 189) and
teamwork (N = 129). For question two, encountering problems, many students indicated that
miscommunication was an issue (N = 124); this result clearly mirrors the results in question one with the
emphasis on communication. Other problems encountered during the simulation included the scenarios
(N =92) and lack of knowledge or deficit in training (N = 80). The most frequent comment for question
three, recommended changes for the lab, was a request for more training (N = 112). Finally, in question
four, which asks about whether they would include previous classes before the lab, most individuals
indicated that no additional classes were needed (N = 160).
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Table 2.
Comment Coding Categories and Example Comments for Each Qualitative Question.

Question 1: Most Important Lesson Learned
Categories 1-7

Example Comment

1.

2.
3.

4.
5
6.

7.

Communication/Coordination

Teamwork
Airline Functions

Other
Knowledge of Team Member Roles

Staying Calm/Positive Atittude

Attitude to Detail/Thinking Ahead

Communication is essential to a positive
outcome

How to better my teamwork skills....

| learned valuable information about flight
operations...

The operation system

The understanding of the work in other job
areas

Stay calm, trust your FOC, talk to someone
when you need help

You have to pay close attention to every detail

Question 2: Problems Encountered
Categories 1-8

Example Comment

1.

2.

7.

8.

ok w

Miscommunication / Lack of Communication
Scenarios / Workload

Knowledge/Deficit Training

Technical Difficulties

Other

Attitudes / Stress

Lack of Resources/ Absences

Situational Awareness/ Anticipating Problems

Lack of good communication. Some information
was never received...

Weather delays and closures and emergencies
during flight

Lots of inexperience

Glitches in the system, technology difficulties
Poor planning from FOC

People becoming stressed and losing
situational awareness

Missing team members, people not arriving
early

Not everyone was ahead of the SIM

Question 3: Changes That Could Improve the Lab
Categories 1-9

Example Comment

1.

agkrwn

o

~

Training
Nothing

Time in the Lab
Resources

Other labs
Position Specific

Communication
Pilot/Ramp More Involved

Technical

Maybe allow extra time to learn how each
position works

I would change nothing

More labs if time permitted

Warning lights when approaching deadlines
Get students to interact with each other between
labs

I would have the FOC and FOD sit beside one
another

Standard way of communication will help
Allow pilots to preview another team’s sim
session

More reliable communication devices
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Table 2. Continued
Comment Coding Categories and Example Comments for Each Qualitative Question.

Question 4: Anything That Should Have Been Example Comment
Provided in Previous Classes to Prepare for the

Simulations

Categories 1-5

1. No No. Classes prepared me pretty well

2. Other Some time to get to know everyone in the group
3. More Training More training time and a longer intro sim

4. More Classes Maybe a communication class...

5. Learning About Other Positions A overview of each position

The frequencies of these comments were also analyzed across time, indicating that there were not
substantial changes across semesters. Students consistently valued communication, coordination, and
teamwork as important lessons and consistently reported miscommunication as a major problem. They
also consistently highlighted the contribution of training in the lab and reported that no additional classes
are needed for preparation. Although these are the most frequently occuring comments, the particpants
made a variety of other significant comments that underscore other learning experiences including the
value of staying calm, the necessity for adequate resources, and situational awareness.

Table 3.
Frequency of Comments for Each Qualitative Question.

Content Category Q1Freq Q2Freq Q3Freq QA4Freq
Categoryl 189 124 112 160
Category? 129 92 51 80
Category3 35 80 50 41
Category4 30 62 40 28
Category5 21 36 36 27
Category6 18 28 28

Category7 15 24 27

Category8 14 24

Category9 23

Conclusion

Overall, this research highlights students’ perceptions of the lab’s value in teaching them how to
communicate, coordinate, and work as a team. In their future careers, they will need to break out of their
educational silos to effectively work as a team and develop creative solutions to abnormal problems.
Participants clearly see the value in the lab and its ability to prepare them for the workplace. Based on
their feedback, the most important lessons learned were the criticality of teamwork, communication, and
coordination. Further, the most frequent change request was for more training. In direct response to this
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qualitative feedback, job aids, Captivate training, and PowerPoint training modules were developed for
individual positions. A downstream consequences training was also developed for students to better
understand the larger impact of decisions made in response to an immediate problem. Overall, based on
their quantitative and qualitative feedback, participants seem to value the lab along with its immediate
educational benefits and its contribution toward students’ future careers.
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Loss of control — inflight (LOC-I) has historically represented the largest category of commercial
aviation fatal accidents. A review of the worldwide transport airplane accidents (2001-2010)
evinced that loss of attitude or energy state awareness was responsible for a large majority of the
LOC-I events. A Commercial Aviation Safety Team (CAST) study of 18 worldwide loss-of-
control accidents and incidents determined that flight crew loss of attitude awareness or energy
state awareness due to lack of external visual reference cues was a significant causal factor in 17
of the 18 reviewed flights. CAST recommended that “Virtual Day-Visual Meteorological
Condition” (Virtual Day-VMC) displays be developed to provide the visual cues necessary to
prevent loss-of-control resulting from flight crew spatial disorientation and loss of energy state
awareness. Synthetic vision or equivalent systems (SVS) were identified for a design “safety
enhancement” (SE-200). Part of this SE involves the_conduct of research for developing
minimum aviation system performance standards (MASPS) for these flight deck display
technologies to aid flight crew attitude and energy state awareness similar to that of a virtual day-
VMC-like environment. This paper will describe a novel experimental approach to evaluating a
flight crew’s ability to maintain attitude awareness and to prevent entry into unusual attitudes
across several SVS optical flow design considerations. Flight crews were subjected to compound-
event scenarios designed to elicit channelized attention and startle/surprise within the crew. These
high-fidelity scenarios, designed from real-world events, enable evaluation of the efficacy of SVS
at improving flight crew attitude awareness to reduce the occurrence of LOC-1 incidents in
commercial flight operations.

Recent data indicate that Loss-Of-Control In-Flight (LOC-I) accidents are the leading cause of commercial
aviation accidents and incidents today (Boeing, 2016). Recent analysis by the Commercial Aviation Safety Team
(CAST, 2014a) showed that LOC-I is primarily comprised of two causal factors: Spatial Disorientation (SD) and
Loss-of-Energy State Awareness (LESA). SD is defined as an erroneous perception of aircraft attitude that can lead
directly to a LOC-I. LESA is typically characterized by a failure to monitor or understand energy state indications
(e.g., airspeed, altitude, vertical speed, commanded thrust) and a resultant failure to accurately forecast the ability to
maintain safe flight. The leading consequence of LESA is aircraft stall.

To address the safety concerns surrounding LOC-1, CAST formulated a Joint Safety Analysis Team (JSAT)
to study 18 recent LOC-I events. The JSAT study determined that a lack of external visual references (i.e., darkness,
instrument meteorological conditions, or both) was associated with flight crew loss of attitude awareness or energy
state awareness in 17 of these events (see Figure 1). A Joint Safety Implementation Team (JSIT) was formed to
address the safety concerns identified in the JSAT study (CAST, 2014b). CAST recommended that, to provide
visual cues necessary to prevent LOC-I, manufacturers should develop and implement virtual day- visual
meteorological condition (VMC) display systems, such as synthetic vision systems. In support, CAST requested the
National Aeronautics and Space Administration (NASA) to conduct research and lead efforts to support definition of
minimum aviation system performance standards (MASPS) for virtual day- VMC displays to accomplish the
intended function of improving flight crew awareness of airplane attitude. CAST established Safety Enhancement
200 (SE-200) entitled, “Airplane State Awareness — Virtual Day-VMC Displays” to formalize this effort.
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Airplane State Awareness — Virtual Day-VMC Displays

The purpose of SE-200 is to reduce the risk of LOC-I by having manufacturers develop and implement
virtual day-VMC display systems (such as SVS) that will support flight crew attitude awareness similar to a day-
VMC-like environment in applicable new transport category airplane programs. SE-200 includes a detailed
implementation plan that defined specific research needs to support the design and implementation of these displays
that will enable the necessary visual cues to prevent LOC-I due to flight crew SD/LESA and aid in detecting unusual
attitude entry and performing recovery. In large transport aircraft, an unusual attitude is operationally defined as a
nose-up pitch attitude greater than 25 degrees, a nose-down pitch attitude greater than 10 degrees, a bank angle
greater than 45 degrees or flight within these parameters but with airspeeds inappropriate for the conditions.

Virtual day-VMC display standards are not currently in effect for this intended function and the NASA
research will inform the development of MASPS under RTCA Special Committee (SC)-213, Enhanced Flight
Vision Systems and Synthetic Vision Systems (EFVS/SVS).

Virtual Day-VMC Displays

Virtual day-VMC displays are intended to provide similar visual cues to the flight crew that are available
when outside visibility is not restricted (i.e., often observed under VMC). Their intended function would be to
improve continuous attitude, altitude, and terrain awareness, reducing the likelihood of unstable approach,
inadvertent entry into an unusual attitude, spatial disorientation, and/or collision with terrain through a synthetic
vision (SV) display. SV is a computer-generated image of the external scene topography from the perspective of the
flight deck, derived from aircraft attitude, high-precision navigation solution, and database of terrain, obstacles, and
relevant cultural features

Technologies for Airplane State Awareness

The SE-200 detailed implementation plan defined areas of research needs for design and implementation of
virtual day-VMC displays to prevent loss-of-control accidents due to loss of attitude awareness and lack of external
visual references. The NASA “Technologies for Airplane State Awareness” (TASA) project was created to address
SE-200 and other safety enhancements. NASA research has been completed that evaluated design characteristics
such as image minification, optical flow cues, and field-of-view (Nicholas, 2016). The present paper describes high-
fidelity, large commercial transport simulation research that evaluated various types of SVS displays for their
efficacy to improve attitude awareness and prevent unusual attitude (UA) conditions from developing during
realistic flight operations scenarios.

Experimental Method
Research Pilots

Twelve current major commercial airline pilot crews participated in the research. The average experience
was 22,000 hours. Pilots were required to have 737/A320 or larger aircraft type ratings from major domestic
airlines, with preference given to those with glass cockpit experience.

Research Simulator

The research was conducted in the Research Flight Deck (Figure 1) at NASA Langley Research Center,
which is a high-fidelity, 6 degrees-of-freedom motion-based large commercial aircraft simulator with full-mission
capability and advanced glass, Boeing 787-like flight deck displays.
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Figure 1. Research Flight Deck Simulator
Special Purpose Operations Training Scenarios

The research employed four special purpose operations training (SPOT) scenarios based on FAA training
guidance (FAA Advisory Circular 120-35D). NASA and subject matter experts designed the four SPOT scenarios
using a sequence of off-nominal events that create challenging flight and workload conditions that may ultimately
lead to an unusual attitude without timely pilot intervention. The compound failures required pilots to address
several issues, often unrelated, that saturated the pilot’s/crew’s attention. The SPOT scenarios stressed the crews’
aircraft state awareness to evaluate the efficacy of the display system to maintain pilot attitude awareness and
identify recognition of impending unusual aircraft attitude conditions.

The four SPOT scenarios were: (1) False-Glideslope with Radar Altimeter Fail; (2) Fuel Leak with Clear
Air Turbulence; (3) Reduced Engine Performance/High-Alpha; and, (4) Missed Approach with Degraded Autopilot
in the roll axis.

In addition to the SPOT scenarios, nearly identical distractor scenarios were created for each of the four
SPOT scenarios but with the removal of one or several off-nominal events. These additional scenarios were
challenging, requiring significant pilot interaction, but did not lead to an unusual attitude conditions.

Special Purpose Operations Training Experimental Method

Eight scenarios, four SPOTS and four distractor scenarios, were evaluated in an ordered sequence - the
crews flew the SPOT scenario prior to the distractor scenario of similar type. Because the SPOT scenarios involved
“black swan” events, they could only be presented once to successfully achieve the high level of task saturation and
surprise required for the experiment (Taleb, 2007). The crews were assigned to one of four experimental blocks
with each block given a different display condition for each scenario. The scenario order was fixed across all crews,
randomized by display condition block in a between-subjects design. Scenarios lasted on average eight minutes.

The purpose of the test was to evaluate a flight crew’s ability to maintain attitude awareness and prevent
entry to unusual attitudes. Pre-experimental briefings provided instructions and training including FAA- (FAA,
2016) and Boeing- (Boeing, 2004) recommended UA recovery (UAR) techniques. Pilots were briefed about
evaluations of the displays, not the off-nominal nature of the scenarios. This training is in addition to the training
that the pilots have received with their respective airlines.

Display Concepts

The experimental display concept conditions are shown in Figure 2. The Baseline display emulated a
Boeing 787-like primary flight display (PFD); this display does not include SV. Three virtual-day VMC (SVS)
display concepts were used — one was representative of the MASPS, as defined by RTCA under DO-315A, for a
synthetic vision display intended for terrain awareness (i.e., the so-called “SVS1- MASPS”). The other SV concept
was representative of the Industry Standard virtual-day VMC (SVS) in operational use today (i.e., the so-called
“SVS-2 - Industry”). The SVS3-Advanced display concept was the industry standard (SVS2) with an added
innovative optical flow cue designed to aid situation awareness when the aircraft enters an unusual attitude. If no
unusual attitude condition is present, the display is effectively the same as the industry standard type. All display
concepts included roll arrow recovery guidance (Ewbank et al, 2016) and angle-of-attack indication (Cashman et al,
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2000) (note: angle-of-attack indicator is standard on B-787 PFDs). The roll arrow guidance symbology is displayed
when the aircraft attitude meets roll angle exceedance criteria (see Figure 3).

Figure 3. Roll Arrow Recovery Guidance and Angle-of-attack (Alpha) Symbologies

Experimental Results

The crew was informed of the initial flight condition and the display concept being flown. All flights were
conducted with Memphis as the destination airport. The SPOT was orchestrated by pre-programmed non-normal
events to induce the unusual attitude conditions. Once the recovery was completed, the trial ended and post-trial
subjective scales were administered and pilot comments solicited. Post-scenario questionnaires were administered,
including the NASA-Task Load Index (TLX) evaluation of workload, a three-question Situation Awareness Rating
Technique evaluation of Situation Awareness (SA), and single score evaluation of crew-member workload.

Quantitative Results

Several dependent measures were assessed during specific time windows leading up to, during, and
immediately after the unusual attitude events. These data revealed that SPOT-2 and SPOT-4 were the most effective
in achieving pilot crew surprise and task saturation to properly evaluate the display conditions.

The SPOT-2 UA condition was induced by an autopilot disconnect (due to a fuel imbalance) followed by a
near-simultaneous clear air turbulence event. Both events required pilot intervention to maintain attitude control.
Time-to-first correct input distributions for SPOT-2 are shown below in Figure 4. Analysis show nearly significant
results (p < 0.05) for time-to-first correct roll input across display condition, F(3, 8) = 3.44, p =0.072. Results were
not significant for time-to-first correct pitch input F(3,8) = 2.15, p = 0.172.

The SPOT-4 scenario involved a degradation in the roll-axis autopilot, occurring while the aircraft was
turning following a missed approach vector from the tower. This resulted in pilots expecting the aircraft to turn
based on the commanded heading setting on the autopilot, however, the aircraft would continue to roll beyond 45
degrees of bank without pilot intervention due to the un-annunciated degraded autopilot condition. Data was
evaluated from the moment the autopilot was degraded in the roll-axis and the 15 seconds following that event.
Time- to-first correct input distributions for SPOT-4 are shown below in Figure 5. No statistically significant results
were observed across the four display conditions for time-to-first correct pitch input F(3,8) = 2.36, p = 0.148, or for
the time-to-first correct roll input F(3,8) = 1.48, p = 0.291.
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Quialitative Results

NASA-Task Load Index. No significant differences were found across display concepts for NASA Task Load Index
(NASA-TLX) for any of the presented SPOT scenarios.

Situation Awareness Rating Technigue. No significant differences were found across display concepts for Situation
Awareness Rating Technique (SART) for any of the presented SPOT scenarios.

Paired Comparisons. A mixed-factor ANOVA was conducted on the independent variables of display type
(Baseline, SVS1, SVS2, SVS3) and pilot role (First Officer, Captain). The ANOVA revealed a significant main
effect for display concept, F(3,36) = 17.291, p < 0.001 and display-role interaction, F(3,36) = 3.15, p <0.05. The
main effect of role was not significant, F(1,12) = 0.143, p > 0.05. Post-hoc simple effects analysis evinced that
Baseline, SVS1, SVS2, and SVS3 were not significantly different. However, SVS2 and SVS3 were significantly
different from Baseline and SVS1.

Main Effect for Display Concept. The results suggest that both the Captain and First Officer rated the advanced
synthetic vision display concepts (SVS2 and SVS3) higher for attitude awareness than either the baseline or lower
fidelity SVS display concept. However, the addition of “optical flow” (SVS3) did not enhance the SA ratings
compared to the industry standard SV concept (SVS2).

Interaction Effect for Display Concept x Role. The significant interaction revealed that the First Officer provided
significantly higher paired comparison ratings for the SVS2 and SVS3 concepts. Although the Captain rated the
SVS2 and SVS3 significantly higher than the baseline or SVS1 concepts, the First Officer provided the most
significant contrast in ratings as they tended to provide lower ratings than Captains for the baseline and SVS1
concepts but much higher ratings for SVS2 and SVS3. The results suggest that the advanced features of the SVS2
and SVS3 were more beneficial for SA for the monitoring pilot (First Officer). Although both pilots rated the SVS2
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and SVS3 displays higher in terms of SA, the Captains did not statistically rate the SVS1 as higher than the SVS2 or
SVS3, but did rate all three SVS concepts higher than baseline. The First Officers however, provided that the
baseline and SVS1 concepts were statistically equivalent for SA but there was a substantial SA increase for SVS2
(highest) and SVS3 and the differential pattern of results accounts for the significant display-role interaction.

Conclusions

The pilots that participated in the research had substantial experience and training in recognizing and
recovery from unusual attitudes. The pilot population was conservatively selected because it was hypothesized that,
if significant differences were found across displays, it would be even more significant with less experienced
commercial pilots (i.e., the identified risk group in the CAST report). The limited number of trials presented to each
of the pilot crews does not allow for any statistical evidence to generalize to the commercial pilot population.
However, these data do provide indications that are useful in evaluating pilot response in extremely rare
circumstances such as presented in the SPOT scenarios.

The performance data suggest there may exist an operational improvement in UAR, as indicated by the
pilot’s time-to-first correct roll input when using the Industry Standard (SVS2) and Advanced (SVS3) SVS display
concepts. These results show that pilots generally had faster correct control inputs while using SVS concepts that
included higher definition details such as terrain texturing, shading, and terrain features. Additionally, pilot
comments indicated that the inclusion of the roll arrow recovery guidance symbology and angle-of-attack displays
helped the highly-experienced pilots to recover more easily from unusual attitudes and reduced reliance on external
visual cues. The roll arrow was included because it is part of the SVS MASPS standard and there is significant
likelihood of it being standard on all primary flight displays in the future.

Pilot preference was substantially biased toward the use of SVS, with top preference for the Industry
Standard SVS2 condition. Feedback indicated that the awareness enhancement provided by the optical flow cues of
the Industry Standard and Advanced virtual day-VMC displays was substantial (compared to Baseline and MASPS).
Research evaluating SVS for UA recognition and recovery using comparative, repetitive testing techniques have
also been performed, indicating no performance differences or preferences (Prinzel, 2017). These data, however,
suggest that commercially trained pilots use SVS for attitude awareness with either comparable or improved
performance to that of the existing baseline displays available today during operational flight profiles.
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A Commercial Aviation Safety Team (CAST) study of 18 worldwide loss-of-control accidents and
incidents determined that the lack of external visual references was associated with a flight crew’s
loss of attitude awareness or energy state awareness in 17 of these events. Therefore, CAST
recommended development and implementation of virtual day-Visual Meteorological Condition
(VMC) display systems, such as synthetic vision systems, which can promote flight crew attitude
awareness similar to a day-VMC environment. This paper describes the results of a high-fidelity,
large transport aircraft simulation experiment that evaluated virtual day-VMC displays and a
“background attitude indicator” concept as an aid to pilots in recovery from unusual attitudes.
Twelve commercial airline pilots performed multiple unusual attitude recoveries and both
quantitative and qualitative dependent measures were collected. Experimental results and future
research directions under this CAST initiative and the NASA “Technologies for Airplane State
Awareness” research project are described.

Recent accident and incident data suggests that Spatial Disorientation (SD) and Loss-of-Energy State
Awareness (LESA) for transport category aircraft are becoming an increasingly prevalent safety concern in all
domestic and international operations (Bateman, 2010). SD is defined as an erroneous perception of aircraft attitude
that can lead directly to a Loss-Of-Control (LOC) event and result in an accident or incident. LESA is typically
characterized by a failure to monitor or understand energy state indications (e.g., airspeed, altitude, vertical speed,
commanded thrust) and a resultant failure to accurately forecast the ability to maintain safe flight. The leading
consequence of LESA is aircraft stall.

A CAST study of 18 loss-of-control accidents determined that a lack of external visual references (i.e.,
darkness, instrument meteorological conditions, or both) was associated with a flight crew’s loss of attitude
awareness or energy state awareness in 17 of these events. The Airplane State Awareness Joint Safety Analysis
(JSAT) and Implementation Team (JSIT) reports (CAST, 2014a; CAST, 2014b) recommended that, to provide
visual cues necessary to prevent LOC resulting from a flight crew’s SD/LESA, manufacturers should develop and
implement virtual day-VMC display systems, such as synthetic vision systems. In support of this implementation,
CAST requested the National Aeronautics and Space Administration (NASA) to conduct research to support
definition of minimum requirements for virtual day- VMC displays to accomplish the intended function of
improving flight crew awareness of airplane attitude; see CAST Safety Enhancement 200 (SE-200) entitled,
“Airplane State Awareness — Virtual Day-VMC Displays”.

Airplane State Awareness — Virtual Day-VMC Displays

A NASA project, entitled Technologies for Airplane State Awareness (TASA), has been developed which,
in part, addresses the CAST request for research to support manufacturer design and implementation of virtual day-
VMC displays that will enable the necessary visual cues to prevent SD/LESA and aid in detecting unusual attitude
and performing recovery. In large transport aircraft, an unusual attitude is operationally defined as a nose-up pitch
attitude greater than 25 degs, a nose-down pitch attitude greater than 10 degs, a bank angle greater than 45 degs or
flight within these parameters but with airspeeds inappropriate for the conditions.

Virtual Day-VMC Displays

Virtual day-VMC displays are intended to provide similar visual cues to the flight crew that are available
when outside visibility is unrestricted (i.e., observed under VMC). Their intended function is improve continuous
attitude, altitude, and terrain awareness, reducing the likelihood of unstable approach, inadvertent entry into an
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unusual attitude, spatial disorientation, and/or collision with terrain through the use of a synthetic vision display; that
is, a computer-generated image of the external scene topography from the perspective of the flight deck, derived
from aircraft attitude, high-precision navigation solution, and database of terrain, obstacles and relevant cultural
features. Virtual day-VMC display standards are not currently in effect for this intended function and the NASA
research will inform the development of minimum aviation system performance standards under RTCA Special
Committee (SC)-213, Enhanced Flight Vision Systems and Synthetic Vision Systems (EFVS/SVS).

Experimental Method
Technologies for Airplane State Awareness

SE-200 defined areas of research needed for design and implementation of virtual day-VMC displays to
prevent loss-of-control accidents due to loss of attitude awareness and lack of external visual references. NASA
research has been completed that evaluated virtual day-VMC display design characteristics, such as image
minification, optical flow cues, and field-of-view for attitude awareness (Nicholas, 2016). The present paper
describes high-fidelity, large commercial transport simulation research that evaluated various types of synthetic
vision system displays and a symbology concept termed, “background attitude indicator”, as they may promote
aircraft attitude awareness as evident from pilot recognition of and in their ability to recovery from unusual attitudes.

Research Pilots

Twelve active major commercial airline pilots participated in the research. The average experience was
22,000 hours. All pilots had been trained on large transport aircraft unusual attitude recovery procedures.

Research Simulator

The research was conducted in the Research Flight Deck at NASA Langley Research Center, which is a
high-fidelity, 6 degree-of-freedom motion-based large commercial aircraft simulator with full-mission capability
and advanced glass, Boeing 787-like flight deck displays.

Unusual Attitude Recovery Scenarios

The research employed four unusual attitude (UA) initial conditions based on FAA training scenario
guidance. The four UA scenarios were: (a) Nose-up 30 degrees, 90 degrees right roll; (b) Nose-up 30 degrees, 90
degrees left roll; (c) Nose-down 30 degrees, 60 degrees right roll; and (d) Nose-down 30 degrees, 60 degrees left
roll. The initial starting altitude was 22,000 ft. mean sea level and each trial lasted an average of 30 seconds.

Unusual Attitude Recovery Trial Method

Twenty trials were conducted such that all display concepts (five) were evaluated in each of the four UA
scenarios. Prior to data collection, pilots were provided detailed briefings on Boeing and FAA-recommended UA
recovery techniques with subsequent discussion on each pilot’s airline specific training; it was observed that there
were not any substantive differences across pilots (US air carriers) in terms of UA recovery technique training.
Training in the simulator followed with specific instruction and practice and with the display concepts, performing
UA recoveries until the pilots demonstrated an asymptotic level of performance.

Each data collection trial began with the pilot being briefed on the display concept. When ready, the
displays were blanked and real motion cueing was used while flying the simulator to the UA initial condition to keep
the pilots unaware of the actual attitude. (Post-experimental briefings validated that the method was successful and
all pilots confirmed they had no awareness of attitude prior to start of each trial.) Once the simulator reached the
UA condition, a tone was sounded followed by the front panel displays unblanking and pilots were instructed to
move from hands-in-lap, open their eyes, recognize the UA condition, and perform a successful UA recovery. Pre-
experimental briefings provided instructions and training including FAA- (FAA, 2016) and Boeing- (Boeing, 2004)
recommended UA recovery techniques (all pilots had been trained by their respective airlines), followed by in-
simulator practice. Once the pilot judged the aircraft had been recovered (criteria being wings-level attitude; zero
vertical speed), the trial ended and post-trial ratings and pilot comments were solicited.

Display Concepts

The 5 experimental display concept conditions are shown in Figure 1 below. The first concept was a
baseline display emulating a Boeing 787 primary flight display; this display does not include SV. Two virtual-day
VMC (SV) display concepts were used — one was representative of the minimum aviation system performance
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standards, as defined by RTCA under DO-315A, for a synthetic vision display intended for terrain awareness (i.e.,
the so-called “MASPS SV”). The other SV concept was representative of virtual-day VMC (SV) in operational use
today (i.e., the so-called “Industry Standard SVV”). The fourth display concept - Advanced virtual-day VMC (SV)
display - added an innovative optical flow cue when the aircraft entered into an unusual attitude, that aided situation
awareness in proper execution of recovery. The optical flow cue consisted of a series of yellow ball symbols that
moved in the direction of the aircraft attitude (e.g., when nose-up and climbing, the cues would depict movement in
direction of up in the primary flight display). Finally, the Industry Standard + BAI condition uses the Industry
Standard SV but extended the presentation of the SV scene beyond the primary flight display (PFD) window across
the entire display panel (see Bailey et al, 2013) using the Captain’s PFD as the BAI reference point.

Figure 1. Experimental Display Conditions

Experimental Results

A number of dependent measures were collected and analyzed for attitude recognition and unusual attitude
recovery. A UA recovery (UAR) score was also calculated based on whether the correct, incorrect, or neutral pitch,
roll, and throttle input was made (using a score of +1, -1, or 0, respectively) for a total score that ranged from -3
(poor) to + 3 (excellent).

Quantitative Results

Scenarios. For scenario, the four UA scenarios were combined into either a pitch-up or pitch-down
condition for analysis. The results showed significant main effect for time-to-first pitch input, F(1, 23) = 37.599, p <
0.01; time-to-first correct pitch input, F(1, 23) = 9.130, p < 0.01; time-to-first roll input, F(1, 23) = 5.479, p < 0.05;
and time-to-first correct roll input, F(1, 23) = 24.951, p < 0.01. A significant main effect was found for UAR score
for scenario, F(1, 23) = 61.408, p < 0.01. The 30 degree pitch-up UAR scenario condition was significantly poorer
for dependent measures compared to the 30 degree pitch-down UAR scenario condition. No significant effect was
found for number of control reversals, F(1,23) = 0.04, p > 0.05.

Displays. No significant differences were found for time-to-first pitch input, F(4, 92) = 1.407, p > 0.05;
time-to-correct first pitch input, F(4, 92) = 0.145, p > 0.05; time-to-first roll input, F(4, 92) = 2.131, p > 0.05; time-
to-first correct roll input, F(4, 92) = 0.345, p > 0.05; number of control reversals, F(4, 92) = 1.100, p > 0.05; and
UAR score, F(4, 92) = 0.063, p > 0.05. The scenario *display interaction effects for all quantitative dependent
measures were also not significant. Figure 2 presents boxplots of each of the quantitative dependent measures for
the pitch-up (left side of figure) and pitch-down UAs (right side of figure) for each display concept. The boxes
indicate the median value and 25"/75" percentiles with the whiskers extending to 1.5 times the height of the box or
to the minimum or maximum values. The points beyond the whiskers are extreme values or outliers and are

| indicated by circles.
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Qualitative Results

Scenarios. Post-experimental analyses revealed that the nose-down, 60 degrees right roll UA had highest
workload (using NASA-Task Load Index, TLX), F(3, 177) = 26.15, p < 0.01 and lowest situation awareness (using
Situation Awareness Rating Technique, SART), F(3, 177) = 26.15, p < 0.01.

Displays. No significant differences were found across display concepts for NASA-TLX, F (4, 204) =
0.565, p > 0.10. No significant differences were found across display concepts for SART, F (4, 204) = 0.847,p >
0.10. The ANOVA revealed a significant main effect for paired comparison geomeans for display, F(4,48) =
24.033, p < 0.0001. Pilots rated the Industry Standard + BAI (0.34) as significantly higher for SA than all four other
display concepts. The BAI was reported to significantly enhance attitude awareness. The results also showed that
the Advanced (0.19) and Industry Standard (0.21) virtual day-VMC displays were not significantly different from
each other. These concepts were significantly different from Baseline (0.13) and MASPS (0.12) concepts, and pilots
reported that their enhanced synthetic vision presentations provided better situation awareness and more intuitive
interpretation of aircraft attitude than the baseline (no SV) or MASPS (minimal SV).

Conclusions

The subject pilots had substantial experience and training in recognizing and recovery from UAs. This
pilot population was conservatively selected because, if significant differences were found across displays, it would
be even more significant with less experienced commercial pilots - the identified risk group in the CAST report.
Although the pitch-up scenarios were found to be significantly different than nose-down, the differences are
associated with the difficulty of quantifying nose-up transport aircraft UAR performance (see Gawron, 2009); no
quantitative performance differences for displays were found and all pilots were well adept to recover from the UA
conditions. The pilots subjectively rated the nose-down conditions as being the most difficult scenarios.

Although no performance differences were found, pilot comments revealed that the added situation
awareness provided by the background attitude indicator and the terrain visual cues of the Industry Standard and
Advanced virtual day-VMC (SV) displays was substantial (compared to Baseline and MASPS concepts). The BAI
concept was rated significantly better than all other display concepts and will be further researched. The Advanced
virtual day-VMC concept with optical flow cues was not found to be quantitatively or qualitatively different
compared to Industry Standard, but pilot feedback suggests that modifications to the cues would substantially
improve efficacy. Furthermore, pilots stated that the optical flow cues, as implemented, may not provide useful
information for recovery but would be of value to help them recognize an impending unusual attitude.

In general, the results posit that virtual day-VMC displays have potential benefit to aid in recognition of,
and recovery from, unusual attitudes. The next steps are to evaluate the SV display concepts with low-hour (< 1200
hours) international pilot populations and continue research and development of the BAI and optical flow cues.
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Air mobility pilots routinely fly multiple missions spanning several time zones, thereby
disrupting their circadian rhythm. As a result, they consistently operate at a sub-optimal
performance level. After several fatigue-related accidents, the Air Mobility Command
(AMC) Safety Office incorporated the Sleep, Activity, Fatigue, and Task Effectiveness
(SAFTE) model into its Aviation Operational Risk Management (AvORM) program to
inform aircrew members of their fatigue levels during critical phases of flight. Further
analysis indicated that aircrew members experience higher fatigue levels than predicted,
which directly reduces flight safety. This study seeks to improve the underlying
assumptions within the sleep model to more accurately predict aircrew member
performance during critical phases of flight, thereby improving the predictive power of
the mission effectiveness model within AVORM. This is the first study to collect
operational data from the United States Air Force (USAF) C-17 pilot community using
actigraph watches, self-report daily logs, and objective aircraft data to determine the
relationship between fatigue and pilot mission effectiveness. Additionally, this study
provides policy recommendations to enable aircrew, squadron leadership, and mission
planners to mitigate some factors contributing to aircrew fatigue.

In response to numerous Class A mishaps where fatigue was deemed a contributing factor, Air
Mobility Command (AMC) has been employing a version of the Sleep, Activity, Fatigue, and Task
Effectiveness (SAFTE) model in the Aviation Operational Risk Management (AvORM) program since
2012. Class A mishaps are defined as mishaps resulting in: a total cost of $2 million dollars or more, a
fatality or permanent total disability, and/or destruction of an aircraft (AFI 91-204). Schedulers are
instructed to use the SAFTE model to plan missions with the goal of keeping the pilot’s performance
effectiveness level above 70%. Within AVORM, the performance effectiveness graphs indicate expected
times for critical phases of flight (e.g. aerial refueling, landing, etc.). Pilots are given a print out of the
performance effectiveness graph when starting a mission to aid in situational awareness and plan possible
mitigation strategies. While the merits of the SAFTE model are well documented, it has limitations when
employed with a unique population such as air mobility pilots.

Development of the SAFTE model was sponsored by the Department of Defense (DoD), and carried
out by a collaboration among Walter Reed Army Institute of Research (WRAIR), Air Force Research
Laboratory (AFRL) and Science Applications International Corporation (SAIC). The SAFTE model was
accepted as the base model for continued DoD development in 2002. The role of the SAFTE model
within AVORM is to make predictions of pilot performance effectiveness. Inputs to the SAFTE model
within AVORM include scheduled sleep periods (duration and timing) as well as scheduled flight time
and duration. The inputs are used to infer an individual’s state in terms of his or her sleep reservoir and
determine where he or she is within their circadian rhythm. The SAFTE model is a variant of the two-
process model proposed originally by Borbely (Borbely, 1982; Daan, 1984). Although other models seek
to predict fatigue, the SAFTE model distinguishes itself from others by considering reduced effectiveness
due to sleep inertia immediately upon waking and interrupted sleep.

The SAFTE model is highly accurate when predicting the collective effectiveness level for a group of
individuals in a laboratory setting over broad time ranges; however, external issues may limit the model’s
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utility in an operational environment. Primarily, the SAFTE model has not been rigorously validated in an
operational setting. Tuning the underlying assumptions within the model with field-relevant data will
enhance the model’s accuracy at planning and mission time.

As depicted in Figure 1, the SAFTE Model employs numerous physiological factors to predict
performance effectiveness (Hursh et. al, 2004). The model is very sensitive to the input assumptions. The
SAFTE model within AvORM holds the following factors constant: sleep intensity, sleep quality, rate in
which the sleep reservoir is replenished and depleted, sleep inertia, and circadian rhythm. While the rate
in which the sleep reservoir is replenished and depleted, sleep inertia, and circadian rhythm will not be
addressed in this study due to the type of data collected, the sleep intensity and quality are addressed.
Replacing those assumptions with measurement-based statistics should improve the accuracy of the
predictions and guide planners in minimizing fatigue throughout all phases of the mission.

Schematic of SAFTE Model
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Figure 1. Schematic of the SAFTE Model

Strong assumptions are currently made about the rest-related status of pilots as they begin a mission
and about the duration and quality of sleep that crew members obtain during real missions. Within the
AVORM program, the SAFTE model assumes that the pilot will start a mission with a sleep reservoir at
90%, start sleeping two hours after landing, sleep for a total of eight hours, experience good quality sleep,
experience the same quality sleep with in-flight napping as napping in a bed, and adjust to jet lag at a
constant rate of 1.5 hours per day (Hursh, 2004). These factors may be optimized with operational data to
reflect a more accurate representation of mobility pilots’ operational and fatigue patterns. By using
operational data to replace the general population baseline, the SAFTE model will more accurately
predict aircrew fatigue and increase safety of flight.

Psychomotor Vigilance Task

This study utilizes the Psychomotor Vigilance Task (PVT) to measure an individual’s behavioral
alertness. The standard PVT is ten minutes in length; however, operational constraints require this study
to use a three-minute PVT. Basner, Mollicone & Dinges found that the 22.7% decrease in effect size
garnered by the three-minute verses the ten-minute PVT was an acceptable tradeoff in sensitivity,
especially considering the test is 70% shorter in length (2011).

Performance measures on the PVT typically include: lapses of attention, false starts, and response
time mean, median, and standard deviation. In this study, we measured performance by mean response
time and range. The PVT is best taken in a quiet area free of distractions. However, when the pilots took
their PVTs during a mission (whether in flight or on the ground), they were subject to radio calls and
other various operational distractions. This led to numerous PVT data points that were outside a person’s
“normal” range (loosely defined as 100ms to 500ms is a laboratory setting, 100ms to 650ms in an
operational setting). Therefore, it was difficult to determine whether a participant’s response time

155



increased due to distractions or fatigue. Our method for managing this was to only analyze the response
times that were between 100 and 650ms, which comprised 96.8% of the data.

The hypothesis for the study was that mobility pilots are consistently operating at a performance level
below the predicted level in the underlying SAFTE model within AvORM. Hence, mobility pilots were
more fatigued at critical phases of flight than predicted during the flight planning phase, thereby
decreasing the safety of flight. Improving the underlying assumptions within the sleep model would more
accurately predict pilot performance during critical phases of flight. It was predicted that sleep duration
and quality would be significantly shorter and degraded while on a mission compared to participants’
sleep duration and quality at home. A corresponding relationship with the PVT data was expected.
Specifically, the mean and range of reaction times should increase throughout a mission and PVTs taken
on flying days should be slower than those taken on non-mission days.

While this study addresses the relationship between the predicted performance effectiveness level
prior to mission execution and the actual performance effectiveness level, the focus of this paper is the
actigraph and PVT analysis.

Method
Participants

Thirty Air Force C-17 pilots stationed at Joint Base Charleston volunteered to participate in this
study. All were physically cleared to fly by a flight doctor; therefore nobody had a condition negatively
affecting his or her ability to fly safely. Unfortunately, many participants failed to provide demographic
information. Of the 30 recruited participants, eleven (nine male and two female) completed all parts of the
study so the analysis only includes their data. The mean age of participants was 28.25 years (min 26, max
30). Participants were initially recruited through email and a unit level safety briefing. Interested
participants met with the researchers to receive test materials. Pilots unable to attend were directed to the
unit safety office to attain test materials.

Apparatus

Participants wore an Ambulatory Monitoring Inc. (AMI) Motionlogger watch which features a
built-in accelerometer used to record active and sleeping activity during the duration of the testing period.
This watch also has a three-minute PVT to assess reaction time, a proxy variable for performance
effectiveness. Although participants were also given a daily log to provide information related to their
sleep and flight parameters, the analysis of this data is beyond the scope of this paper.

Experimental Procedure

For 30 days, each pilot was instructed to continuously wear the actigraph and complete a series of
activities. If not flying that day, they were instructed to complete the three-minute PVT at least three
times daily (within 45 minutes after waking and prior to going sleep, and once anytime throughout the
day). If flying that day, they were instructed to complete the PVT within 45 minutes after waking, prior to
going to sleep, takeoff, and landing. If the participant flew multiple sorties in the day, they were
instructed to only complete the PVT within 45 minutes of landing (not on takeoff).

Analysis

Sleep

The data on the actigraph watch was downloaded and cleansed using Ambulatory Monitoring
Inc.’s ActionW software. Episodes when the watch was obviously not worn (e.g. taken off to take a
shower, prior to the start of study period, etc.) were removed. After the sleep periods were highlighted
within the dataset, the ActionW software scored the sleep episodes. The scored sleep was then imported
in Fatigue Science’s Fatigue Avoidance Scheduling Tool (FAST) to conduct the performance
effectiveness analysis.
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Eleven participants wore the actigraph watch during 248 total sleep episodes. Six participants
flew on multi-day missions that required them to sleep at a hotel. The 155 sleep episodes from these six
participants were used for this portion of the analysis. There were 101 bedtime sleep episodes at home
ranging from 196 minutes to 612 minutes (u=410.3, 6=75.5). There were 26 bedtime sleep episodes away
from home ranging from 139 minutes to 704 minutes (u=371.2, =130.1). There were 19 nap sleep
episodes at home ranging 22 minutes to 126 minutes (U=76.1, 6=36.9). There were 9 nap sleep episodes
away from home ranging from 21 minutes to 114 minutes (u=52.4, 6=29.0). Duration of sleep episode,
quality of sleep (100*sleep minutes/0-0 period), and longest sleep period were analyzed for each sleep
episode. The 0-0 period is defined to start when there are twenty minutes of continuous non-movement
until the first continuous movement of twenty minutes; hence the period a participant would consider
themselves asleep.

The first relationship analyzed was bed time sleep away from home versus at home. An
independent samples t-test indicated that bedtime sleep durations away from home were statistically
significantly shorter (u=371.2, ¢ = 130.1) than bedtime sleep durations at home (x= 410.3, ¢ = 75.5),
1(127) = 1.47, p= .08, a=.1. An o of .1 was used due to the highly variable nature of human subjects
research. Analysis of variance showed a main effect of sleep location on sleep duration, F(1, 127) = 3.98,
p =.048, a=.1. An independent-samples t-test indicated that the length of the longest sleep period away
from home were statistically significantly shorter (= 151.1, o = 79.1) than the longest sleep period when
sleeping at home (u= 171, 0 = 92.0), #(127) = 1.84, p = .04, a = .1. This suggests that participants were
awoken more frequently while sleeping away from home compared to sleeping at home, and therefore not
getting as much restorative deep sleep. An independent samples t-test indicated that the quality of sleep
away from home was statistically significantly diminished (u= 93.4, o = 5.6) than the quality of sleep at
home (u=95.2, 0= 4.6), #(127) = 1.82, p = .07, a. = .1.

The next relationship analyzed was nap time sleep duration away from home and at home. An
independent samples t-test indicated that nap duration away from home was significantly shorter (u=
52.4, 0 =29.0) than nap duration at home (« = 76.1, o = 36.9) #(26) = 1.84, p = .04, a. = .05. The quality of
nap sleep was not found to be significantly different away from home and at home.

A 2x2 ANOVA with sleep location (home, away) and sleep type (bed, nap) as between-subjects
factors revealed a statistically significant main effects of sleep duration, F(2,155) = 191.9, p <.0001.

Finally, the last relationship analyzed was sleep after local flight days and non-flying days. This
indicated whether pilots slept longer after flying compared to a non-flying day. Sleep duration, sleep
quality, and longest sleep length after flying a local mission was not statistically different than normal
bedtime sleep at home.

PVT

The PVT data was cleansed to remove obvious outliers and analyzed using Microsoft Excel.
There were a total of 509 PVTs with 10841 individual button presses (and response times) analyzed. A
one-tailed t-test indicated that mean response times for PVTs taken on flying days (4 = 257.74 ms) were
significantly faster than those on non-flying days (i = 265.20), #(311) = 1.28, p = .048. There was no
statistically significant difference between mean PVT trial ranges on flying verses non-flying days.

Mission lengths ranged between one and six days. A positive correlation was found between
mission day number and response time, »(134) = .164, p = .028 (small effect size), but there was no
statistically significant correlation found between range of PVT trial scores and mission day. There also
was no statistically significant correlation between response time and time of day.

Discussion
Sleep
The operational data collected in this study was incomplete in many aspects. There were three
times more home station sleep episodes than mission sleep episodes. This was unavoidable due to the fact
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that many of the actively participating pilots spent more time at home than away on missions. In
particular, the number of nap sleep periods was low which prevents the ability to make any real analytical
conclusions.

There are numerous factors contributing to the shorter duration and lower quality of sleep
experienced during a mission compared to at home. While policy requires crew rest to be at least twelve
hours, there are multiple factors affecting a pilot’s ability to get enough sleep during a mission.
Transportation to the hotel or crew rest facility may take longer than the 30 minutes currently assumed in
the AvVORM model, especially when the mission ends after normal operating hours. If a mission ends
while it’s still daylight outside, pilots will have a harder time falling asleep. The quality of the lodging
facilities (sound, light, new bed, etc.), location of the hotel, and mission constraints (aircraft commander
being called to put the crew on alert) can also affect sleep duration and quality. Finally, crew rest may
simply not be the ideal length to recover from the previous mission and prepare for the next mission. For
example, if the crew rest length is too short, the pilots may not be able to fully recover from the previous
mission. Conversely, a crew rest period can be too long to get in two sleep periods so pilots are reporting
for their next mission with one long sleep period and possibly a short nap.

When a person is sleep deprived, their body will spend subsequent recovery sleep periods in deep
sleep (Corsi-Cabrera, 1992; Borbély, 1981). It would have been expected that the pilots would have
experienced increased longest sleep periods while on a mission due to the long duty day; however, the
opposite was seen. This supports the hypothesis that the sleep environment was not conducive to
restorative sleep. Further analysis is needed to determine if the pilots had increased longest sleep periods
upon return to home station and for how many subsequent days to return to baseline performance
effectiveness levels. Hursh et. al. (2004) found that for some individuals under extreme sleep deprivation,
the assumed three days needed to recover was insufficient for performance to return to baseline levels.

Shorter length and lower quality naps when on a mission versus at home was also expected.
While mission dependent, flight planners may expect pilots to nap in-flight to keep his or her performance
level above 70%. The C-17 aircraft crew rest facilities are not conducive to high quality sleep since they
are located underneath the stairs leading to the flight deck. In addition, if an aircraft commander is
accompanied by other inexperienced pilots, they may sleep less or have lower quality sleep. It is
necessary to note that there were less than half the naptime episodes when on a mission compared to at
home. Unexpected though, were the low number of naps at the hotel prior to showing up for a flight while
on a mission. When crew rest is approximately 24 hours, it is not conducive for two long sleep periods so
many pilots reported that they would have one long sleep period with a nap. Further data collection is
required to make any conclusions on this issue.

PVT

While cleaning the data, it was apparent that a possible confounding variable is the location
where the individual is completing their PVT. On flying days, pilots are most likely doing their PVTs on
the aircraft or around other crew members, possibly causing them to be distracted. When critical radio
calls are required, they must respond in a timely manner. However, it is likely that on non-flying days, the
pilots are taking the PVT in a quieter area since they have more control over where and when they take it.
The data showed that faster response times on flying days verses nonflying days, which was unexpected
due to the fatiguing effects of flying and circadian shift. Further analysis is needed to determine the root
cause for this finding.

An expected result was the positive correlation between mission day number and response time.
As the missions continued in length, the participants responded slower to the PVT stimulus. Long
missions usually involve the crossing of multiple time zones and circadian rhythm shifts along with long
duty days and short periods of sleep.
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Conclusion

This study supports the hypothesis that air mobility pilots are not getting the same sleep duration
and sleep quality on a mission than they do at home station. As evidenced by the PVT scores, it appears
that there is a compounding effect of fatigue as a mission increases in duration. In the short-term, this may
decrease flight safety. In the long-term, Pilcher (1996) found that repetitive sleep deprivation can
negatively affect one’s health and well-being. Additional data is required to make a more definitive
algorithmic conclusion concerning the SAFTE model; however, it is clear that pilots experience shorter
and lower quality sleep when on a mission than when at home. Additionally, since naps away from home
are shorter and of lower quality, it is advisable that the SAFTE model not count naps as fully restorative
sleep.

The authors recommend that the SAFTE model decrease the current eight hour crew rest sleep
duration to the mean of six and a half hours of sleep. Next, the sleep quality should be decreased from
good quality to poor. With further data collection, the decreased in sleep quality can be more accurately
quantified. Finally, the authors recommend that naps not be used as a fatigue mitigation strategy by the
flight planners to keep pilot performance effectiveness above 70% since the duration and quality of naps
during a mission were of such low quality.
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STATUS OF FAA AIR TRAFFIC CONTROL FATIGUE INTERVENTIONS 2013-2016

Darendia McCauley
And
Thomas Nesthus
FAA Civil Aerospace Medical Institute
Oklahoma City Oklahoma

The Federal Aviation Administration (FAA) has long been concerned with the impact of fatigue
in Air Traffic Operations. Fatigue has been cited as a factor in operational incidents. The shift
work and quick turn-around shifts contribute to this problem. In conjunction with the collective
bargaining agreement, FAA management and the National Air Traffic Association (NATCA)
agreed to jointly develop a series of interventions designed to mitigate some of the aspects of
fatigue in the controller workforce. This resulted in a Fatigue Group comprised of FAA
management, NATCA representatives, and fatigue scientists. Following 15 work-intensive
meetings, the Fatigue Risk Management Group produced 12 fatigue mitigation recommendations.
This Fatigue Risk Management Group also supported research conducted by NASA for ATC.
The ATC research focused on two components, a fatigue survey of the ATC workforce and a
field study with participant volunteers using wrist activity monitors. This research supported the
12 fatigue mitigation recommendations. To date, all recommendations have been fully or partially
implemented.

The Federal Aviation Administration (FAA) presented a Fatigue Training Workshop for the 17th
International Symposium on Aviation Psychology (Nesthus, Avers, & McCauley, 2013). Fatigue is an
important human performance problem. The impact of fatigue, its risks, and mitigations have become key
concepts managers and shift workers involved with aviation systems must acknowledge, understand, and
manage. The understanding of and support for fatigue mitigation initiatives is critical. The FAA is
working to maintain the safety of the National Airspace System (NAS) and ensure the health and well-
being of its workforces as well as other workforces within the aviation industry through regulations with
consideration of fatigue issues. Fatigue awareness and mitigation are important components of this effort.
FAA has developed a full spectrum of fatigue awareness and mitigation programs designed to impact
shift workers and managers within aviation systems including air traffic controllers and technical
operations specialists, pilots, flight attendants, and maintenance workers.

The workshop presented in 2013 introduced the fatigue science background used in the
development of various intervention materials and the modification of those materials to accommodate
multiple vocational backgrounds for those involved with aviation systems. Along with the awareness of
fatigue issues, maintainance and distribution of this knowledge set, the development and use of personal
strategies to optimize sleep and maximize alertness, and the use of ergonomic scheduling principles (to
the extent possible), a reduction in fatigue-related risks can be achieved and will contribute to safer
operations throughout this industry.

During the 2013 workshop, an overview of the 12 fatigue mitigations mutually agreed upon by
FAA and the National Air Traffic Association (NATCA) through the Article 55 Fatigue Risk
Management (FRM) Work Group was presented. Article 55 of the NATCA Collective Bargaining
Agreement of 2009 directed FAA management and NATCA to jointly develop recommended fatigue
mitigation strategies. The NATCA and FAA management representatives appointed to make these
recommendations became known as the Article 55 FRM Work Group.

The Work Group Charter established that FAA management and union (NATCA, PASS)
representation had important and equal voting status for their recommendations. The Article 55 FRM
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Work Group relied on fatigue science and research as an independent resource for the basis of
establishing recommended mitigations. This resulted in a balanced approach and provided the inclusion of
Civil Aerospace Medical Institute (CAMI) scientists and other research consultants with independent
fatigue expertise for the transportation industry. The Office of Aerospace Medicine Medical Specialties
Division was also directly involved with medical fatigue issues, obstructive sleep apnea, in particular. The
resulting 12 fatigue mitigation recommendations were briefed to the FAA Administrator, the NATCA
President, and AT Management shortly after the work group completed them. Also, the National
Transportation Safety Board (NTSB) was officially briefed in order to meet the requirement of Safety
Recommendation A-07-30 through -32 and A-07-34. Since that time all 12 recommendations have been
addressed and implemented in several ways involving many areas of FAA.

Background

The Article 55 (FRM) Work Group promoted fatigue risk management, which relied on a basic
Fatigue Risk Management System (FRMS) approach to promote an awareness of fatigue safety and
minimize fatigue risks in ATC operations. The basis of the FRMS was first, that fatigue is a physiological
state affecting everyone to varying degrees. Second, fatigue is inherent in all shift work environments.
Third, fatigue can introduce a risk to the health and well-being of employees and the safe operation of the
National Airspace System (NAS). Guidance for an FRMS should include the following elements:

e Must be data-driven and scientifically-based

e Must enable continuous monitoring and management of safety risks associated with fatigue-
related hazards

e Must provide a means of measuring, mitigating, and reassessing fatigue risk
e Must include schedule assessment, data collection, and systematic analysis
e Provides scientifically guided fatigue mitigations—both proactive and reactive

The Article 55 FRM Work Group sponsored analyses of current scheduling practices (Orasanu,
Parke, & Kraft, 2012) and fatigue modeling using the Sleep, Activity, Fatigue, and Task Activity
Effectiveness (SAFTE)/Fatigue Avoidance Scheduling Tool (FAST; IBR, 2016) to identify fatigue-
related issues in the ATC work environment. The FRM Work Group also reviewed International
research on fatigue. This provided an informed and comparative basis for the developed
recommendations.

Addressing fatigue is a shared responsibility. Fatigue countermeasures can help to mitigate
fatigue safety risks and improve employee health and well-being. The Article 55 FRM Work Group
focused on these themes as well as the components of an FRMS in the development of mitigation
strategies reflected in the Work Group recommendations.

Objectives

The FRM Work Group objectives for fatigue mitigation efforts were developed to promote
understanding of the basics of fatigue and its mental, physical, and emotional signs; recognition that
fatigue can represent a hazard to the safety of FAA operational employees and the NAS; awareness of
fatigue countermeasures that can be used to help reduce fatigue risks and increase both personal and NAS
safety; and understanding that fatigue may represent a safety risk, depending on the likelihood and
severity of the fatigue hazard.

Based on its tasking, the Article 55 FRM Work Group defined a set of guidelines to help focus its efforts.
These guidelines provided a backdrop on which Work Group activity was based and included the
following:

e Increase the safety of the NAS by reducing fatigue hazards and risks,
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e Improve the health and wellbeing of the workforce through better fatigue management,

e Base findings and recommendations on science and data while leaving implementation issues for
later discussions, and

o Collaborate with internal and external organizations.

Fatigue Risk Management Group Recommendationations and Implementation

Recommendations/Implementation

The Air Traffic Operations (ATO) Safety and Technical Training Fatigue Risk Management
Team approved FRMS Work Group Findings and Recommendations by FAA management and NATCA.
These recommendations are presented with implementation strategies in Table 1 below:

Table 1.

Article 55 Fatigue Risk Management Work Group Recommendations and Implementation

Component

Recommendation/Implementation

FRMS

Scheduling

1. Design and implement an FRMS within the ATO operational environment.
FAA ATO established its Fatigue Risk Management system in January
2012, via a Charter, agreed to and signed by the FAA, NATCA and
PASS.
FAA ATO JO 1030.7A (2012) formally established the ATO Fatigue
Risk Management program as the cornerstone to the ATO implementing
a fatigue risk management system.

2. Continue to support the post-recommendation work efforts by creating a

transition team composed of Article 55 FRM Work Group members until the

formal ATO FRMS is established.
A Post-Article 55 FRM Workgroup met in early 2011, completed the
agreements resulting in the July and August FAA/NATCA Fatigue MOU
and Fatigue MOU Guidance (2011) and then collaborated to establish the
ATO FRMS as referenced in recommendation 1 actions above.

3. Provide a minimum of nine hours between evening and day shifts.
FAA/NATCA Fatigue MOU (2011):
The Parties recognize the need for watch schedules that meet operational
needs and mitigate system risks due to fatigue. In response to the
scientific data supplied by the Article 55 workgroup, the Parties agree
that employees are required to have a minimum of nine (9) consecutive
hours off-duty preceding the start of a day shift. For purposes of this
document only, a day shift is generally defined as a schedule where the
majority of hours fall between 7:00 a.m. and 4:00 p.m. This requirement
applies to all shift changes, swaps, and overtime to include scheduled,
call-in, and holdover assignments.

4. On a 2-2-1 counterclockwise (CCW) rotation, reduce the day shift preceding

the first midnight shift from eight to seven hours, and begin that shift one hour

later, to provide the opportunity for an extra hour of restorative sleep at the end

of the nighttime sleep period.
FAA/NATCA Fatigue MOU Guidance (2011):
Consistent with the Article 55 Workgroup recommendations, for those
facilities that utilize 2-2-1 counterclockwise schedules, it is encouraged
that schedules be constructed to reduce the day shift preceding the first
midnight shift from eight to seven hours, and begin that shift one hour
later, in order to provide the opportunity for an extra hour of restorative
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Recuperative Breaks

Sleep Disorders

sleep at the end of the nighttime sleep period.

This reduced shift duration would be offset by adding the hour to a shift,
or a combination of shifts, earlier in the workweek. It is recommended
that the additional time be scheduled either at the beginning of a normal
evening shift(s), or at the end of a normal day shift(s), so as to not
infringe on nighttime sleep.

Such schedules would be constructed as an Alternative Work schedule
(AWS) and would require employees to volunteer. In the event that there
are insufficient volunteers, this AWS schedule cannot be implemented
and existing 2-2-1 counterclockwise scheduling practices may be
utilized.
(This recommendation was not implemented as a regulation, but is
available as a component of AWS.)
5. Modify current policy, orders, etc., to permit naps during relief periods
(breaks).
FAA JO 7210.3Y, Section 2-6-6, Relief Periods, Paragraph c., was
modified with the following language:
Personnel performing watch supervision duties must not condone or
permit individuals to sleep during any period duties are assigned. Any
such instance must be handled in accordance with applicable Agency
policy and the applicable collective bargaining agreement.
The above clarified that sleeping while on duty is prohibited. Notably, it
did not explicitly prohibit controllers from sleeping while on a
recuperative break.
6. In addition to normal breaks on midnight shifts, include a provision for a
recuperative break for 2.5 hours, which incorporates time to overcome sleep
inertia should an employee choose to nap.
FAA/NATCA Fatigue MOU Guidance (2011):
Employees are permitted to have break periods away from their assigned
duties to sufficiently recuperate from the effects of fatigue, if needed,
attend to personal needs, and rejuvenate their mental acuity.
Length of recuperative breaks on midnight shifts shall be longer than
those normally provided during other shifts, to the maximum extent
possible, considering staffing and workload, consistent with the
recommendations of the Article 55 Workgroup.
The above recognizes the need for longer breaks on midnight shifts.
Activities that rejuvenate mental acuity are not specified.
7. Create policies and procedures that encourage self-initiated evaluation,
diagnosis, and demonstration of initial treatment effectiveness of Sleep Apnea
(SA) by removal or reduction of economic disincentives.
Obstructive Sleep Apnea was covered in an article titled Obstructive
Sleep Apnea: Know the Signs, Take Action, in Focus FAA (2016). Sleep
disorders (including sleep apnea) have been included in the ATO Fatigue
Awareness and Countermeasures Training
Part | — Fatigue Basics, Sectionl, secondary contributors to
fatigue — Sleep Disorders, and
Part Il — Sleep basics, Section 6, Sleep Disorders.
8. Use AAM-prepared SA education to build sleep apnea awareness in the ATO
workforce, include raising awareness of respiratory coaching to SA patients.
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Personal Fatigue
Management

Fatigue Education

Sleep disorders (including sleep apnea) have been included in the ATO
Fatigue Awareness and Countermeasures Training
9. Aerospace Medicine:
o AAM to stay current with state of the art in sleep medicine
e AAM to utilize AASM standards and practices for SA risk factor
identification, diagnosis and treatment standards
o AAM to document the process for medical qualification for individuals
at risk for sleep apnea
¢ AAM to develop educational materials for the workforce and AMEs
e AAM to educate AMEs on SA
OSA materials for AMEs have been developed and published on the FAA Guide
for Aviation Medical Examiners Website (2016).

10. Develop policy and education for employees designed to minimize fatigue and

report fit for duty, and action to be taken when they consider themselves too

fatigued to safely perform their duties.
FAA/NATCA Fatigue MOU (2011) states the following:
Section 8. All operational personnel are obligated by their significant
safety duties and professional responsibilities to prepare for duty with
consideration for being well-rested and mentally alert. It is the
employees’ responsibility to recognize and report to their supervisor
when they are unable to perform operational duties due to fatigue. Upon
request, employees that self-declare as unable to perform operational
duties due to fatigue will be granted leave in accordance with the leave
provisions contained within the 2009 CBA. Additionally, at his/her
request, an employee that self-declares as fatigued, shall be assigned
other facility duties, to the extent such duties are available. If no such
duties are available, the employee will be granted leave as described
above.

The FAA’s ATO Operational Supervisors Workshop, Fatigue Lesson, reviews

scenarios when employees might self-declare fatigue, and the responsibilities of

the manager in those situations.

11. In order to avoid on-the-job fatigue that threatens safety, develop policy and

education for managers that incorporates emphasis on a non-punitive approach

when an employee, in accordance with the developed policy, self-declares as too

fatigued to safely perform operational duties.
The FAA’s ATO Operational Supervisors Workshop, Fatigue Lesson,
reviews scenarios when employees might self-declare fatigue, and the
responsibilities of the manager in those situations.

12. Update existing fatigue awareness training to reflect current science and to

provide applications specific to all people in certain occupations personalize the

application of the training.

ATO Fatigue Awareness and Countermeasures Training programs have
been developed for air traffic controllers and technicians. These
electronic courses reflect current science and methods to personalize the
training and make it relevant to the learner. Additional fatigue lessons are
instructor-led and are delivered at the Mike Monroney Aeronautical
Center in Oklahoma City, for Air Traffic Controllers. All of the content
for these lessons reflects current science and is intended to allow learners
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to reflect on what they learn to make better choices regarding sleep and
fatigue.

Summary

Fatigue presents an acknowledged hazard to the safety of the NAS and to the health and well-
being of FAA employees. By raising awareness of fatigue and ways to reduce its impact, FAA will work
to make the FAA a better and safer place to work, while improving the safety of the NAS. Keeping
stakeholders informed of the FAA’s efforts in fatigue safety is important to maintaining the public trust
placed in the agency.
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SMS HAZARD ANALYSIS AT A UNIVERSITY FLIGHT SCHOOL
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For the last several years, the flight school of a mid-sized university has been working to
implement a safety management system (SMS). As part of the effort, a robust self-reporting
system has been developed, from which data has been used to effect changes in school policies
and procedures. In this project, the safety reports that have accumulated over the life of the
reporting system were classified based on the hazards experienced which caused the report
generation. Non-use of standard procedures was found to be the leading hazard, with 90 of the 176
reports indicating improper procedure application. The traffic pattern at the non-towered airport
where the flight school operates was the phase of flight found to be most prevalent in the safety
reports, with non-standard pattern procedures, improper judgement/decision-making and
communication issues cited as common hazards. Student knowledge/skill and instructor technique
were also frequently reported hazards.

A 14 CFR Part 141 flight school within an aviation department at a mid-sized southeastern university
initiated an anonymous safety reporting program in the spring of 2010. The first report was filed on 4/22/10, and the
safety report data base at the time of analysis contained 176 total reports. The department Safety Committee “owns”
the database, and as such, each report in the database has been reviewed and accepted by the committee. The
primary role of the safety committee is to identify safety hazards, assess the risk associated with a given hazard, and
recommend steps to mitigate the hazard. An additional role of the committee is to disseminate safety information to
the flight school community to promote awareness of hazards and identification of risk factors, and to encourage the
use of mitigation measures.

The safety report database is primarily a catalogue of reported safety related events. It has been used to
identify several metrics including: events per year (see Table 1), weather conditions (93% VFR, 3.4% MVFR, 3.4%
IFR), role of reporter (78.6% instructor, 9.8% student, 8.7% dispatcher, 2.9% other), as well as to record both initial
actions and further actions taken as a result of reports.

Table 1.

Number of Safety Reports Per Year
Year Total | Percentage
2010 7 3.98%
2011 12 6.82%
2012 20 11.36%
2013 24 13.64%
2014 20 11.36%
2015 39 22.16%
2016 54 30.68%

The safety report database has been used consistently to inform instructors and students of safety issues and
promote safety awareness. A synopsis of each report and related recommendations is provided to the flight school
community in a timely manner as reports are submitted. However, a lack of manpower has previously halted the
systemic analysis of the safety report data available at this point.
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While a full scale Safety Management System (SMS) is not currently required for Part 141 flight school
operations, the goal of the department is to move towards that model in as many ways as feasible. The effort
undertaken in this project was to assess the information in the database by identifying and categorizing hazards in a
systematic fashion to aid the flight school and the overall airport community in which the flight school exists.

Literature Review

The Safety Management International Collaboration Group (SMICG) considers hazard identification the
key element in safety risk management (2010). Likewise, the FAA defines the initial step in safety risk management
(SRM) as conducting a thorough system description or analysis, to be able to “understand the aspects of the
operation that might cause harm,” and indicates that “in most cases, hazard identification flows from this system
analysis,” (Federal Aviation Administration [FAA], 2015, p.6). This includes the development of a hazard taxonomy
and categorization process. Bahr (1997) suggests that an effective hazard analysis process should be “...a
systematic, comprehensive method to identify, evaluate, and control hazards,” (p.72).

The basic definition of a hazard from the SMICG is similar to those found in almost all general safety
literature. “A hazard...is an object or condition with the potential to cause injuries to personnel, damage to
equipment or structures, loss of material, or reduction of ability to perform a prescribed function,” (SMICG, 2010,
p.2). The FAA is more pointed in its definition of a hazard, indicating that it is, “a condition that could foreseeably
cause or contribute to an aircraft accident,” (FAA, 2015, p.7). The development of a comprehensive hazard
taxonomy for each sector of the aviation industry is acknowledged as a challenge by the SMICG, as hazards may
differ greatly between organizations, depending on their specific processes and procedures (SMICG, 2013, p.3).
However, the need for organizations to attempt to identify the hazards within their activities, and to use this data to
develop risk mitigation strategies, is also made clear (SMICG, 2013).

This project was an attempt at capturing the hazards that have been implied in the safety reports that have
been filed at the subject flight school during the past 6 years. The development of a data driven understanding of the
current condition of the system will lead to the ability to more appropriately apply accepted risk management
techniques.

Methodology

Each reported event in the MTSU safety data base was reviewed by both of the researchers to determine the
specific hazard(s) that was experienced, and to identify potential contributing factors. After a separate analysis, the
safety reports were reviewed again by the researchers as a team, to further develop and clarify the hazards present in
the submitted reports. As suggested by ICAOQ, this resulted in the development of a hazard categorization and
identification process that was directly related to the available data. Cross referencing each category of safety
concern with its contributing factors presented the data in a way that was more likely to identify the true nature of
the hazard. The nature of a hazard was identified by the prevalence of certain kinds of events and/or behaviors found
in the safety reports. These events and behaviors were related to the contributing factors in a reported safety event.
Several additional passes though the data were made to clarify further the hazard categories to be utilized. To be
consistent in identifying the nature of a hazard it was necessary to carefully define each type of contributing factor.
The hazard categories developed following review of the data are described below:

Procedures — flight crew not following documented routines for a particular phase of flight

Judgement/Decision making — flight crew not exhibiting proper analysis of inputs, leading to failure to
make a timely or correct decision

Situational Awareness — flight crew not aware of immediate circumstances or not able to project their
circumstances into the future as appropriate

Checklist Use — check list not utilized; check list used but items not completed; non-optimal design of
checklist
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Communications — misunderstanding of communication; failure to communicate; communication not
successfully transmitted

Air Proximity — when the PIC of either aircraft involved felt the need to take immediate evasive action to
avoid a potential mid-air collision

Maintenance procedure discrepancy — an inoperative component was not properly reported by a previous
crew, resulting in a flight taking place with this discrepancy; maintenance not being aware of a discrepancy
report which has been completed; pilots not checking discrepancy reports prior to flight

Mechanical discrepancy — an inoperative aircraft component is identified by a pilot during flight operations

Student knowledge/skill — lack of student knowledge/skill that is expected, given the phase of training or
experience level of the student

Instructor technique — lack of awareness of opportunity to allow students to learn from a situation; or, a
lack of intervention when circumstances are beyond a student’s skill level

In addition to coding the hazards, the phase of flight in which the hazard was reported was also recorded. These
locations included traffic pattern (further coded as pre-flight, taxi, takeoff, departure, descent, approach, and
landing).

Data Analysis

As described above, each safety report was ultimately coded with the hazards involved that led to the
circumstances necessitating submission of a safety report. Multiple factors could be (and in most cases, were) found
to be existent in each report. An overall analysis of contributing factors indicated revealed that non-compliance with
standard procedures (90 instances) was by far the most prevalent factor found. Judgement/decision-making was the
second highest factor found, with 72 instances. Student knowledge/skill (33 instances), instructor technique (29
instances) and communication issues (28) were the next three highest contributors (see Figure 1).
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Figure 1. Contributing factors coded on safety reports

Hazard: Non-use of Standard Procedures

Given the high incidence of lack of use of standard procedures, the 90 safety reports coded with this hazard
were scrutinized to determine the other hazards that existed in concert with non-use of standard procedures (see
Figure 2). 1t was found that judgement and decision-making were also present in 57% of the safety reports that had
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procedures indicated. Student knowledge/skill and instructor technique were both also highly prevalent hazards in
the safety reports that had lack of standard procedures cited as a hazard. Multiple reports with procedures indicated
also specifically included improper use of checklists. These reports include items such as fuel mismanagement
(landing with fuel imbalance side to side, or with less than flight school mandated one hour minimum reserve),
forgetting to shut of magnetos (multi-engine aircraft) and forgetting to remove cowl plugs.

Weather

Student knowledge/skill
Instructor technique
Checklist
Communications

Situational Awareness

Judgement/DM

20 30 40 50 60
Number of instances

o
=
o

Figure 2. Frequency of occurrence of additional hazards in conjunction with lack of standard
procedures usage

Hazard: Traffic Pattern

It is worth noting that 31 (34%) of the 90 reports that were found to have “procedures” as a hazard
experienced were due to non-standard procedures conducted by aircraft in the traffic pattern. Similarly, 17 of the 54
(31%) of the reports with “judgement/decision-making” were from traffic pattern experiences. While a few cases
involved flight school aircraft using non-standard procedures, the vast majority cited non-flight school aircraft which
were not following standard traffic pattern procedures. The flight school is based at a non-towered public airport,
where the traffic pattern is shared with another flight school and an active GA community, as well as significant
itinerant traffic. The traffic pattern is often busy and just as often it is thought of as a hazard. Given the MTSU
expectation of strict adherence to AIM recommended non-towered airport procedures, MTSU instructors and
students have been quick to notice and file reports of aircraft that depart from those recommendations.

The traffic pattern issue was of concern to the researchers prior to beginning the formal analysis of hazards,
as simply based on the anecdotal experience with safety reports over the years it was clear there was a high
frequency of safety reports involving events in the local traffic pattern. An analysis of the safety reports revealed
that 54 of the 176 total reports (31%) indicated the phase of flight in which the circumstances which caused the
filing of the report was experienced was in the traffic pattern. While this is quite a large number, further analysis
revealed that 14 of these “traffic pattern” reports indicated an air proximity (i.e. potential collision threat) danger.
This means 26% of the traffic pattern reports were felt to be at the level of a potential mid-air collision threat, while
the majority of the others cited lack of procedures (31 reports), lack of judgement/decision making (17 reports) and
communication issues (16 reports). Figure 3 below gives a complete breakdown of the issues cited in the traffic
pattern reports.
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Figure 3. Hazards identified within traffic pattern operation safety reports

The phase of flight within the traffic pattern was also analyzed. The majority of the reports detailed
circumstances within the landing phase (23 reports), with the approach phase (12 reports) next, followed by takeoff
(20 reports) and departure (3 reports). Figure 4 below depicts the phase of traffic pattern reported.
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Figure 4. Phase of flight within traffic pattern when event was experienced

Hazard: Student Knowledge/Skill and Instructor Technique

Given the training environment inherent in a flight school, the hazards of “student knowledge/skill” and
“instructor technique” were two specific items of interest. As indicated previously, 33 reports were found to have
“student knowledge/skill” as a contributing factor, while 29 were found to have “instructor technique” as a
contributing factor. When the overlap between these two hazards was evaluated, it was found that 14 of the reports
indicating “instructor technique” were also found to have “student knowledge/skill” as a hazard. This was not
surprising, as in these cases what caused the hazard was the instructor not realizing and responding to a lack of
student knowledge until a situation warranting a safety report was encountered. In particular, 7 of the 14 reports
indicating both instructor technique and student knowledge/skill occurred within the landing phase of flight, when
instructor vigilance of and reaction to student actions is obviously much more time sensitive than in other phases of
flight.
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Conclusion

Unlike the hazards experienced by other aviation operations such as air carriers, flight schools operations
by definition are associated with students in training. Even when the 31 traffic pattern procedures, mostly observed
with non-flight school aircraft, are removed, 59 of the 176 reports (34%) indicate procedure issues, by far the largest
category of hazards. While non-adherence to procedures is often cited by all aviation operators as a predominant
hazard, this analysis of reports indicates the need to emphasize the importance of procedure use from the earliest
days of flight training, even in relatively simple aircraft. This mitigation, in the form of specific communication to
flight school students of the fact that non-adherence to standard procedures is the largest hazard, must continue to be
a priority. Additional ways of making this point clear, such as during safety meetings and in academic classes, will
be investigated. As a subset of procedures, checklist compliance must also continue to be emphasized.

If a student were asked what the most significant hazard experienced by students during flight training at
this flight school would be, it is likely that operations in the traffic pattern would be cited. However, it is important
to understand that the traffic pattern itself is simply a place and a phase of flight, not a hazard in itself. Analysis of
the contributing factors suggest that the hazard(s) in this case are related to certain kinds of behavior in the traffic
pattern. Aircraft non-compliance with recommended procedures in the traffic pattern is the hazard, coupled with
lack of judgement/decision-making. Therefore an effort to improve procedural integrity, communication, and pilot
judgment and decision making appears to be an avenue for effective mitigation. Mitigation in this example might
involve providing all airport operators at this field with insight into the nature of the real hazard(s) in order to
promote a common approach to traffic pattern procedures, communication, and pilot judgment and decision making.

An additional recommendation to come from this study is the need to further refine the safety reporting
form that is currently in use. To assist in the continuing identification of trends in hazards, self-selection by reporters
of the hazards experienced would be beneficial. While safety committee review, oversight, and coding of the
reported hazards will be continued, this initial coding by users will greatly assist in the maintenance of an up to date
hazard analysis database.
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Much of the safety climate research captures only a transient state in the aviation
environment, by extension limiting organizational responses to transactional
approaches. The limits of the transient annual safety climate audit traps safety
attitudinal/behavioral research in a static or reactive cycle. The present study takes
advantage of a collegiate aviation environment with multiple training locations
(each with its own culture), participating in regular safety climate audits across
flight operations, to develop an enhanced safety culture model. Using longitudinal
climate data collected from the organization, the authors present a mixed-methods
trend analysis of safety climate changes to date, incorporating organizational
structure and resource variables. The longitudinal model creates a more
comprehensive evaluation of the long-term safety culture of the organization at all
training locations and creates a new format for a more enhanced organizational
response. The study utilizes the new longitudinal model as a framework for
developing systems-based responses to climate concerns, and in turn documenting
the impact of the organizational changes made in result. This paper presents initial
findings based on the primary training location; final results are presented at the
ISAP meeting and available after the presentation. Application across multiple
aviation operation settings are discussed, including characteristics and strategies
for improving organizational response to safety climate and culture evaluations.

Safety climate and safety culture have become nearly ubiquituous constructs in current
discussions of both accident prevention and organizational performance (e.g., Block, et al, 2007;
Gibbons et al, 2006; Karanikas, 2016). The ubiquity, rather than being a sign of a topic that has
been over-researched, points to the criticality of these constructs and the acknowledgement that
no research has yet completely tackled or resolved all of the challenges in the organizational
safety climate field. The evolution of research into human error in aviation has continued to
evolve from focus on the individual’s error (e.g., Hunter, 2005) to crew/group level factors (e.qg.,
Taylor & Thomas, 2003), and then to larger organizational influences (Mjos, 2004; Block, et al,
2007). This in turn has led to attempts to capture aspects of the the climate and/or culture within
the organization that contribute to or impede ‘safety’ with regard to attitudes, policies, and
behaviors (e.g., Bowen, et al 2011; Bowen, 2013).

Research conducted by VVon Thaden, Wiegmann, and Shappell (2006) identified ten categories of

organizational factors that appeared associated with commercial airline accidents investigated by
the National Transportation Safety Board (NTSB). These factors included: training, surveillance,
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procedures/directives, standards, information, supervision, documentation, pressure,
substantiation, and facilities. Their research indicated that inadequate procedures and directives
were most commonly linked with aviation accidents. Both facets of their investigation provide
strong evidence in favor of a systems theory approach to aviation safety. While the work of von
Thaden, et al. and others (e.g., Soeters & Boer, 2000) in reviewing accident data for safety
culture and organizational systems trends is extremely valuable for the creation of failure models
of safety climate and culture, most aviation practitioners prefer to identify factors that will
support safety in advance of incidents or accidents, rather than being forced to review and
attempt to post facto address these failures.

One strategy to pre-emptively identify weaknesses or risk factors within an aviation organization
is the implementation of an annual or semi-annual “safety climate audit”. Employees at multiple
levels of the organization may be asked to complete a written or oral questionnaire documenting
their beliefs, behaviors, observations, or opinions regarding various categories of organizational
factors and structure. Some of these questionnaires have been created by commercial designers
and provided to the aviation organization, but many are self-created by a safety manager or other
technical expert with safety responsibility. Many of these designing the questionnaires, however,
lack any training on survey methodology, design, implementation, or analysis, leaving the
organization with potentially incorrect or misleading data, or results that have been under-
analyzed due to a lack of comprehension.

Unfortunately, the nature of organizational safety climate as residing heavily within the
perceptions and beliefs of its members makes understanding of climate as anything more than a
transient organizational state a challenge, particularly to the safety practitioner. Many
practitioners as well as researchers focus on single-year findings or, at most, year-to-year
changes in attitude or action as indicators of the health of the organization’s safety climate, and
by extension, its long-term culture (Schein, 2004). However, little work has been done to
examine multi-year trends in safety climate audit data, nor to use such multi-year trends to begin
an evaluation of the longer-term safety culture of the organization. The current research is an
attempt to begin to fill this gap as well as provide insight into other scientist-practitioners faced
with organizational questions and concerns about safety climate.

Methodology

In an attempt to begin to address the lack of multi-year data analysis within aviation
organizations, the authors collected 4 years’ worth of data (2012-2016) from the annual safety
climate audit questionnaire at a U.S. university’s collegiate aviation program, collected in the fall
of each year. Flight instructors, dispatchers, office workers, and supervisors throughout the flight
operation were requested to complete the audit survey each year; the organization has a nearly
100% response rate each year the survey was administered.

The safety climate audit questionnaire was created by the collegiate aviation program to evaluate
potential safety concerns occurring at the individual, team, or organizational level. The 74-item
questionnaire was designed by the organization and has been in use in various iterations since
2003. The most recent revision occurred in 2012; the present data set contains responses from
2013 to the present.
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Respondent Demographics

Demographic data on respondents over the past 4 years can be seen in Table 1; as is apparent in
the tables, respondents are primarily young (69.4% are age 30 or younger) instructors (88.1%)
who are relatively new to the organization (77.7% have five or fewers years with the operation).
A total of 175 respondents completed the audit questionnaire over the past four years.

Table 1: Respondent Demographics
Respondent Reported Age Ranges

Primary Job Responsibility

20-30 118 Flight Instructor 148
31-40 36 Supervisor/Manager | 20
41-50 5}
51-60 0
60 11

Years in Organization Years at Current Job Certificates/Ratings Possessed
<1 38 68 CFlI 6
1-5 94 76 CFlI 84
6-10 19 16 MEI 59
11-15 14 5 ATP 13
16-20 3 3 Other 3
20+ 2 2

The relative youth and short tenure of the majority of organization employees would suggest a
safety climate that would be more likely to be transient from year to year based on turnover and
developmental factors. To evaluate this, year over year comparisons for the safety climate audit
were analyzed using univariate analysis of variance with Bonferroni correction. Results found
that, of the 74 items on the safety climate questionnaire, only ten showed significant change in
the past four years. These items can be seen in Table 2.

Table 2: Questionnaire Items with Significant Longitudinal Change

Safety Climate Item F value Pairwise Comparison

Mean Scores

(Significant)
The Assistant Aviation Safety Program F(s.169) =3.613, p=.015 4.2766, s=1.28 Year 1
Manager has the power to make changes. 5.1166, s=1.16 Year 4
The Assistant Aviation Safety Program F(3.169) =3.032, p=.031 3.978, s=1.39 Year 1
Manager has little or no authority compared 3.113,s=1.29 Year 4
to operations personnel.
Flight department management shows F(3.170)=4.635, p=.004 4.500, s=1.709 Year 3
favoritism to certain pilots. 3.204, s=1.678 Year 4
Pilots who call in fatigued fear being F(s.171) =4.164, p=.007 3.707, s=1.887 Year 3
scrutinized by the chief pilot. 2.477,5=1.355 Year 4
The chief pilot does not hesitate to contact F(s.171) =4.212, p=.007 4,553, s=1.47 Year 1
instructor pilots to discuss safety issues. 5.302, s=1.26 Year 2

4.553, s=1.47 Year 1
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5.463,s=1.24 Year 3
As long as there is no accident or incident, F(s.171)=2.761, p=044 2.425, s=1.39 Year 1
the chief pilot does not care how flight 1.772,s=0.773 Year 4
operations are performed.
The chief pilot has a clear understanding of | F3171) =3.513, p=.017 5.872,s=1.11 Year 1
risks associated with flight operations. 6.418, s=0.663 Year 2
5.872,s=1.11 Year 1
6.454, s=0.588 Year 4
Pilots often report safety concerns to their F(3.169) =2.952, p=.034 2.617, s=1.189 2013-2014
chief pilot rather than the safety department. 3.348, s=1.325
The flight supervisor consistently F(a.171)=2.927, p=.035 4.634,s=1.71 Year 3
emphasizes information or details (e.g., 5.545, s=1.021 Year 4
weather requirements, NOTAMs) that affect
flight safety.
The flight supervisor is responsive to pilots’ | F171) =3.142, p=.027 5.439, s=1.449 Year 3
concerns about safety. 6.09, s=0.603) Year 4

Factor Analysis

The survey was designed with items clustered around 14 theoretical constructs; however, no
confirmatory analyses had been conducted to evaluate the extent to which questions actually
mapped to the organizational factors. Given the high turnover rate of the primary respondent
group (flight instructors), as well as the gap in time between each administration of the audit
questionnaire, the decision was made for the purpose of preliminary analyses to treat the annual
samples as independent for the purpose of evaluating the proposed factors. Even taking this
liberty, principal components analysis (PCA) failed to provide a stable factor structure. PCA was
attempted in order to reduce the number of survey items in use for subsequent analyses and
provide recommendations to the flight training program for ways in which to reduce the length
of the questionnaire. This failure is in part likely due to the questionnaire length (74 items) and
relative overall sample size (N=175).

Table 3: Intended Factors of Safety Climate Audit
Reporting System

Aviation Safety Program Manager
Assistant Aviation Safety Program Manager
Accountability

Pilot Authority

Professionalism

Chief Flight Instructor

Training Managers

Flight Supervisor

Ramp Operations

Instructors

Safety Values

Going Beyond Compliance

Institution Safety Record

Discussion
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The present study sought to increase understanding of longitudinal trends in organizational safety
climate, in order to identify stronger leverage points for organizational change and enhanced
safety performance. In addition, the study sought to evaluate the quality and utility of the annual
safety climate audit questionnaire in use in a large-scale collegiate aviation training organization.
Data presented here are based upon analysis of the initial training location under investigation;
final results based upon multi-site comparison are presented at the International Symposium on
Aviation Psychology and available after that meeting.

One of the key concerns to be discussed in final presentation of the data is the utilization of
disparate safety climate audits at each flight training location within the institution. The authors
strongly recommend that the institution identifies a single set of safety climate items for use at all
training locations in order to facilitate future cross-analyses and the impact of larger institutional
trends.

Data from Site 1 suggest that employee attitudes regarding the majority of safety climate
components have remained consistent over the past four years. Only ten of the 74 items in the
climate questionnaire showed significant differences in comparing data over time. This, when
coupled with the high rate of turnover among front line flight instructor employees, suggests a
remarkably consistent culture in existence within the training operation. This may be due in part
to the highly-regulated structure of the FAA Part 141 training program, or due to other
organizational factors. This finding may be one of the most significant of the study, as it
indicates areas in which change may be initially occurring within the organization, with regard to
employee attitudes. These ten items may be the indices of leverage points within the
organization; future research to explore and clarify these results is planned.

The authors propose substantially reducing the number of items in the safety climate audit using
a more theory-based factor structure. The current structure, with 74 items attempting to
encompass 14 factors, contains a large degree of conceptual overlap and a lack of question
clarity. This can be seen in the failure of the principal components analysis to provide a
consistent factor structure.
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RELATIONSHIP BETWEEN RELATIONAL ENERGY, EMOTIONAL LABOR, AND COGNITIVE
FLEXIBILITY AMONG FLIGHT ATTENDANTS

Rithi Baruah
Christ University
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The primary aim of the civil avaiation insdustry is to work for the safety and comfort of their clients
and customers. This study concentrated on the frontline employees of the aviation industry, the flight
attendants who are paid to smile. Energy at workplace is a fairly new concept and is an organisational
resource which help employee attain their goals. The aim of the study was to establish the relationship
between relational energy and the major issue of emotional labor (deep acting and surface acting) and
cognitive flexibility among flight attendants. A correlational research design was used to study the
relationship among 39 flight attendants in India. The study revealed that relational energy was
positively related to deep acting. Also, relational energy proved to be a significant predictor of deep
acting. However, no statistically significant relationships were found between relational energy and
surface acting and also between relational energy and cognitive flexibility.

The work culture in general has seen a shift from working in industries to the ones that include working for
people. The civil aviation industry is one such sectors whose primary aim is to work for the safety and comfort
of their clients and customers. The crew members in the civil aviation industry include pilots, flight attendants,
air traffic controllers, and baggage and maintenance personnel. In any airline industry the frontline workers are
the flight attendants also called the cabin crew members. Although the job of the flight attendants seems to be
glamorous and appealing, it is very strenuous and taxing. As the cabin attendants are the first source for the
clients and customers to form an impression about the airline company, it becomes imperative for the cabin
attendants to deliver the best possible services. In this bargain, the well-being of the cabin crew members are
often neglected.

Issues Experienced by Flight Crew

Some of the leading issues in the aviation industry are interpersonal and communication errors (Avis,
2012). Emotional dynamics also lead to malfunction in communications (Brown & Moren, 2003). As reported
by Avis in 2012, 37% of the aviation employees primarily the pilots, cabin crew, and ground employees do not
communicate the relevant information to other crew members thereby resulting in major mishaps. Brown and
Moren (2003) reported that the sterile cock-pit rule also leads to major frustrations between the pilot and the
flight attendants. Some of the emotions that the crew members face are that of shame, excitement, awkwardness
and inhibitions that seem to adversely affect their performance (Avis, 2012). Inconsistent work schedules,
different time zones at work, food habits, variable altitudes, attitudes of the aviation employees, differences in
culture and continuous interactions with clients and customers lead to mental and physical exhaustion.

Emotional Labor

Flight attendants belong to the niche group of population who are paid to smile (Hoschild, 2003). No
matter what the flight attendant is going through on actuality their work situation demands them to smile and
maintain a positive demeanour. Hoschild (1983) called this as Emotional Labor (EL) in 1983. She defined
Emotional Labour as managing one’s feelings to produce a publicly acknowledged facial and bodily
demonstration of emotions. When there is an incongruence in the emotions felt and emotions exhibited, there is
emotion dissonance (1983).

Forms of emotional labor. According to Hochschild (1983), there are two forms of emotional labor.
They are surface acting and deep acting. Surface acting involves acting or expressing an emotion on the surface
without actually feeling them (Hochschild, 1983). Deep acting involves modifying feeling to match the
organizationally demanded emotion (Hochschild, 1983). Though both the types of emotional labour signify
dissimilar intensions they are internally false. That is, surface acting involves managing the overt expressions to
abide by the organizational display rules, while deep acting consists of managing the underlying emotions to
genuinely feel the emotion demanded by the display rules (Grandey, 2000; Hochschild, 1983).

Relational Energy

Energy at workplace is a fairly new concept. As cited by Owen, Baker, Sumpter and Cameron in 2015,
the capacity of the employee’s motivation and action is influenced by the energy at work. They cited that energy
is an organisational resource which help employee attain their goals. Absence of energy results in stress,
burnout, and disengagement (Sonnentag, Kuttler, & Fritz, 2010; Schaufeli, Bakker, & Van Rhenen, 2009;
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Demerouti, Bakker, Nachreiner, & Schaufeli, 2001). Research reveals that work performance levels are
improved if individuals are surrounded by energised people (Baker, Cross, & Wooten, 2003; Cross & Parker,
2004). Owens et al. (2015) defined relational energy (RE) as a “heightened level of psychological
resourcefulness generated from interpersonal interactions that enhances one’s capacity to do work™ (p 37).

Cognitive Flexibility

According to Martin and Rubin (1995, p 623), “Cognitive flexibility refers to a person’s (a) awareness
that in any given situation there are options and alternatives available, (b) willingness to be flexible and adapt to
the situation, and (c) self-efficacy in being flexible”. Individuals who acknowledge more possible adjustments
are more cognitively flexible than the counterparts.

In 2005, Canas defined cognitive flexibility as the individual’s ability to change and adapt the
strategies of cognitive processing to face unpredictable and new situations in the environment. When faced with
any new problem, individuals with higher cognitive flexibility will be able to consider various alternatives and
will outperform the others with lower cognitive flexibility (Stewin & Anderson, 1974). It has been reported that
more an individual is cognitively flexible, better will be his/her ability to optimise his/her potential (Bergland,
2015). According to Bergland (2015), previous studies showed that higher levels of cognitive flexibility are
directly related to resilience in adulthood, better reading capabilities of children, and higher quality of life in
older age. The neurological mechanics of cognitive flexibility are directly linked to multitasking executive
functions.

Rationale of the Study

Relational energy being a relatively new concept of energy at work, the empirical studies are scanty.
Therefore, the researcher tried to fill in the gap by carrying out further exploration of relational energy and
contribute to the theory. According to conservation of energy theory, lack of resources at work lead to burnout
(Owen et al., 2015). And enhanced psychological resources which result from relational energy at work would
enhance coping with stressors at work, burnout and lead to well-being at work. Therefore, the researcher aimed
to study and verify if better relational energy at work result in lower emotional labor which causes burnout,
thereby, filling the research gap.

Also, previous research have shown the influence of emotions over cognitive flexibility but no
published research has tried to find if emotional labor (surface and deep acting) has any relation with the
flexibility of cognition. Cognitive flexibility has also shown to be effective in interpersonal and intrapersonal
communication. This study tried to fill the gap by investigating if interaction with the human resources at work
and their psychological exchange have any relation with cognitive flexibility. Positive affect has proved to be
better predictor of cognitive flexibility. Therefore, the researcher aimed to study if emotional labor (surface and
deep acting), which is related to positive and negative affect is also related to cognitive flexibility.

Objectives of the Study
To study the relationship between relational energy, emotional labor (surface acting and deep acting)
and cognitive flexibility.

Hypotheses of the Study

H(1). There is no relationship between relational energy and surface acting.
H(2). There is no relationship between relational energy and deep acting.

H(3). There is no relationship between relational energy and cognitive flexibility.
H(4). There is no relationship between cognitive flexibility and surface acting.
H(5). There is no relationship between cognitive flexibility and deep acting.
Tools Used in the Study

Relational energy Scale. This scale was developed by Owens et al. 2015. There are five items which
are measured on a 7-point Likert scale (1-strongly disagree to 7-strongly agree). The reliability of this scale is
0.96.

Emotional labor Scale. This scale was developed by Brotheridge and Lee in 2003. It is a 5 point
Likert scale with 14 items. The reliability of this scale is 0.89.

Cognitive flexibility Scale. This scale was developed by Martin and Rubin in 1995. It is a 6-point
rating scale with 12 items. The reliability of the ale is 0.83.
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Procedure. An online survey was carried out. Individuals who gave their consent to participate in the study
were included. The online questionnaire comprised of the consent form, demographic checklist, Relational
Energy Scale, the Emotional Labor Scale, and the Cognitive Flexibility Scale. 39 participants responded to the
online survey. The data gathered was subjected to appropriate statistical analysis using SPSS 21. Subject matter
experts, academic experts and cabin crew members were asked to give their feedback on the same.

Results and Discussion

Table 1.
Descriptive Statistics of the Variables Under Study.

Variable Total Mean Std. Deviation
Relational Energy 39 23.90 8.178
Cognitive Flexibility 39 51.56 6.648
Deep Acting 39 9.44 3.119
Surface Acting 39 44.46 10.918

Table 3.

Table 2.
Findings Based on Correlation Analysis.

Variable 1 2 3 4
1. Relational Energy
2. Deep Acting 0.632**
3. Surface Acting 0.221
4. Cognitive Flexibility 0.027 0.038 0.230

** Correlation is significant at 0.01 level (2-tailed)
Findings Based on Regression Analysis.

Variable R R2 F Sig.
Relational

Energy

Deep

Acting 0.585 0.343 19.294 0.000

The data gathered was subjected to Shapiro-Wilk normality test and it was found that the data for emotional
labor (deep acting and surface acting) was normally distributed. However, the data for relational energy and
cognitive flexibility was not normally distributed. The descriptive analysis of the data is displayed in Table 1.

To check hypotheses 1, 2, 3, 4, and 5, Spearman’s correlation was used respectively. From Table 2 it is
seen that a significant positive relationship was found between relational energy and deep acting. However no
statistical significant relationship was found in testing hypotheses 1, 3, 4, and 5. Table 3 displays the Regression
analysis between relational energy and deep acting. The table reveals that relational energy is a significant
predictor of deep acting.
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From the analysis we can conclude that the exchange of psychological resources (relational energy)
that take place at work increases the flight attendants to deep act. Previous research has shown a positive
relationship between deep acting and variables like job performance (Bursali, Bagci, & Kok, 2013), employee
creativity and role prescribed customer service performance (C. Liu, X. Liu, & Geng, 2013). The result also
supports the precious findings that work performance are improved when surrounded by energised people
(Baker, Cross, & Wooten, 2003; Cross & Parker, 2004). Therefore, relational energy at work should be
encouraged during Crew Resource Management in the Aviation industry and practised among colleagues so that
a healthy environment at work is maintained and thereby help the flight attendants to ward off the negative
consequences related to emotional labor at work.

Scope of the Study

The insignificant relationships with regard to the other hypotheses could be because of the fact that the
data was gathered from only 39 flight attendants in India, which may not be adequate to represent the
population. Also, all the tools used in the study were self-report measures and hence there is a probability of
personal bias in their responses and also the accuracy of retrospective accounts are questionable in self reports.
Hence, to gain more interesting insights, a qualitative analysis would be adopted by the researcher in the future.

From the feedback gathered by the subject matter experts it was observed that, the relational energy
scale which had five items measured the psychological exchange that take place between two specific
individuals at work. As the job of the flight attendants require them to go on rotation with no specific group of
batch mates or colleagues on a regular basis, this may cause a discrepancy in the way they responded to the
items. Therefore, there is a scope for adaptation of the relational energy scale to suit the specific sample of this
study and come out with interesting findings that can contribute to the literature of Aviation Psychology and
also help the Aviation industry at large.

Ethical Consideration

Participants were included in the study only after their consent was taken.
Participants had the liberty to withdraw from the study at any point they want.
Confidentiality and anonymity was maintained.

Participants were given the option to ask for their results if they were willing to know.
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No injury or harm of any nature was meted out to the participants during the research.
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INNOVATIVE AIRPORT VISUAL AIDS TO ENHANCE SITUATIONAL AWARENESS AND
FLIGHT TRAINING FOR GENERAL AVIATION

Wesley Major
Sarah Hubbard
Purdue University
West Lafayette, Indiana

Runway incursions are a threat to runway safety and have been increasing in recent years.
Incursions are categorized into three categories, pilot deviations (PD), operational
incidents (Ol), and vehicle pedestrian deviations (VPD). At general aviation airports, PDs
are the most prevalent runway incursion type. Inadequate situational awareness is one of
the human factors associated with PDs. Student pilots, pilots flying to an unfamiliar
airport, ground operations personnel, and emergency planning and emergency responders
can benefit from the use of visual aids that extend beyond an airport diagram or static
Google Earth imagery. More robust visual aids can potentially increase situational
awareness and reduce the risk of a runway incursion, and increase airfield familiarity
through 360-degree photographs of the airfield facilities, including markings, signage,
and intersecting taxiways/runways. This educational and informational tool has the
ability to increase familiarity of airfield characteristics and increase safety.

Safety is the top priority in aviation, and runway safety is a critical aspect of aviation safety. According to
the International Civil Aviation Organization (ICAQ), runway safety related events account for more than
half of all accidents, and 14% of fatal accidents (International Civil Aviation Organization, 2015). For this
reason, runway safety is a high priority for all aviation stakeholders, and reducing runway incursions is
one way to improve runway safety. Since October 2001 there have been 19,184 runway incursions at
United States airports (Federal Aviation Administration, 2017b). The Federal Aviation Administration
(FAA) defines a runway incursion as, “any occurrence at an aerodrome involving the incorrect presence
of an aircraft, vehicle or person on the protected area of a surface designated for the landing and take-off
of aircraft” (Federal Aviation Administration, 2017¢). FAA categorizes incursions based on the cause,
resulting in the following three incident types (Federal Aviation Administration, 2012):

e Operational incident (Ol): runway incursion caused by air traffic controller (ATC) error that
violates the required minimum separation between two or more aircraft or between an aircraft and
an obstacle,

e Pilot deviation (PD): runway incursion caused by pilot error that violates any Federal Aviation
Regulation, such as entry onto runway without permission, and

e Vehicle/pedestrian deviation (V/PD): runway incursion caused by unauthorized entry of vehicles
or pedestrians onto the airport movement areas, such as ground vehicle entry onto runway
without ATC authorization.

Incursions have been increasing in recent years. As a result of this increase, the FAA announced
the Runway Incursion Mitigation (RIM) program in 2015. The purpose of RIM is to identify airport risk
factors that might contribute to a runway incursion. Examples of risk factors consist of unclear taxiway
markings, unclear airport signage, and complex airfield geometries, including unusual runway or taxiway
layouts, and runway intersections. Through RIM, the FAA is focusing on reducing runway incursions by
addressing risks at specific locations at the various airports, especially those that have a history of runway
incursions (Federal Aviation Administration, 2016). While the FAA continues to be proactive in taking
steps to reduce runway incursions through mitigation measures and airfield development projects that
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reduce runway intersections, there are other potential opportunities to improve runway safety that would
support the activities of the RIM program.

The proposed tool suggested in this research leverages technology to supplement and augment
existing airfield diagrams and increase situational awareness for pilots and ground operations workers.
Traditionally, airport diagrams (Figure 1) are used to familiarize pilots and other personnel with an
airport’s layout and geometry. While these diagrams meet basic needs and provide one frame of
reference, they do not provide pilots and airport ground crews with a visual representation of the airport
facilities, markings, signage, and intersecting taxiways/runways. Creating a more robust visual aid will
fill this gap and potentially improve airport safety and pilot training.

Literature Review

Traditional airport diagrams reflect an aerial perspective and provide critical, but rudimentary
information regarding how the runways, taxiways and terminal are oriented with respect to true north, and
with respect to one another. Airport diagrams fill a critical need for pilots as they plan their trip and upon
approach to an airport. Once on the ground, however, many pilots and ground vehicle operators would
benefit from a more robust depiction of airport facilities. Specifically, one that is enhanced with actual
photo images. The addition of visual references can be important to convey information, especially in
complex environments such as airports where situational awareness is critical to safe operations.

Perhaps the need for enhanced tools is best evidenced by current runway incursion statistics.
Since October 2001, there have been 6,288 runway incursions at general aviation (GA) airports, with a
majority of these incursions classified as PD or V/PD (Figure 2) (Federal Aviation Administration,
2017b). Nearly two-thirds of GA incursions are a result of pilot error. Chang and Wong (2012), as well as
Endsley and Garland (2000), identified a lack of situational awareness as one of the leading factors
associated with pilot error. The proposed use of photo enhanced airfield diagram would be an appropriate
intervention strategy to enhance situational awareness not only for pilots, but also for ground operators;
together these two categories cause 96% of runway incursions.

= Ol
= PD
= V/PD

Figure 1. Classification of runway incursions at GA airports since October 2001 (Federal Aviation
Administration, 2017b).
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Figure 2. Airport diagram of Purdue University Airport (Federal Aviation Administration, 2017a).
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Dublin International Airport was the first airport to address this need with the creation of a
Google Street View perspective for their airfield. Vincent Harrison, Dublin Airport managing director,
said, “these images will help the airport’s Airside Safety Training department, as they will become an
essential piece of the training suite in educating and familiarizing all airport employees” (Kennedy, 2016).
The advent of virtual globe software, such as Google Street View, allows users to navigate and explore
areas in three dimensions. This is very useful, as reported by Schultz, Kerski, and Patterson (2008),
virtual globes can be used by educators to help students think spatially by investigating processes and
places.

Other research has also demonstrated the value of this perspective. Oulasvirta, Estlander, and
Nurminen (2009) compare 2D maps (similar to the traditional airport diagram) with 3D maps (similar to
Google Street View), and state 3D imagery can provide realistic first-person perspective versus a use of
flat symbolic illustrations to represent space. The information gathered through maps (2D) and actual
navigation (analogous to Google Street View) is different. From a map, people acquire survey knowledge,
from navigation people acquire procedural knowledge of the routes connecting diverse locations
(Thorndyke & Hayes-Roth, 1982). The use of landmarks is often a key element in navigation (Raubal &
Winter, 2002; Snowdon & Kray, 2009) and the integration of realistic visual cues to supplement existing
airfield tools makes good sense.

Creating A More Robust Airport Visual Aid

Currently, through satellite images, a Google Earth view is available for airports, and is used by
many GA pilots to provide additional information when landing at an unfamiliar airport. While the
Google Earth view is helpful, it provides a top down perspective that is useful from the air (and similar to
the perspective provided by the airport diagram), but less useful from the perspective of a taxiing pilot or
a ground vehicle operator. Both Google Earth and the airport diagram lack the ability to convey important
spatial cues, including airfield signs, markings, and views of intersecting taxiways and runways, as
observed during taxiing and airfield operations. Through the use of emerging technologies, an improved
and more robust visual aid can be created to allow an accurate representation of the sight picture pilots
and operations personnel will encounter on the airfield.

This research explores the use of 360-degree photo enhanced airfield diagrams. Photo spheres, or
360-degree still photos, were taken of select locations on Purdue University’s airport (KLAF). When
paired with the airport diagram, the result is a more robust tool for training and for airport familiarization.
Figure 3 shows how an airfield diagram can be enhanced with 360-degree photos. These photos can
illustrate not only the upcoming pavement markings (both threshold markings and runway markings) and
airfield signs, but also the upcoming intersection. Google Maps allows the photo spheres to be linked
together to create a custom Street View, which is an application many users are familiar with from
landside applications on city streets. Creation of an enhanced airport diagram allows for specific and
unique areas of each airfield to be highlighted and emphasized to the wide variety of personnel that may
need to operate on the ground.

Anticipated Uses and Benefits of the Enhanced Airport Diagram

This enhanced airport diagram could be utilized by many aviation stakeholders. In addition to
pilots and ground operations personnel, airport managers, emergency planning and emergency response
crews (including community partners who participate under a Memorandum of Agreement in an
emergency) are some of the groups that could benefit from such a tool. Other users include student pilots,
who can begin to orient themselves to the airport layout and airfield markings prior to beginning their
flight training. Certified flight instructors (CFI) can walk a student through expected taxi procedures to
provide virtual experience navigating an airfield for the first time; this virtual experience could allow
student pilots to focus on aircraft operations rather than airfield orientation, especially in the beginning
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Figure 3. A 360-degree photo can provide an enhanced context for the airfield environment.

flight training. These are the kind of benefits that were substantiated by Schultz et al. (2008), in research
that documented that virtual globes can be used to educate about the spatial environment. Similarly, pilots
flying to an airport for the first time can familiarize themselves with the new environment and can
incorporate the enhanced airport diagram into their pre-flight planning; familiarizing themselves with
visual cues, and supporting the development of a movement plan, if desired. Ground personnel can also
use this tool to train new team members on proper airfield navigation in a low risk environment.
Emergency teams that do not normally operate on active airfields can utilize such a tool to maintain
familiarity and support practice with airfield protocol. The enhanced airfield diagram would also be very
useful as an aide during the table top exercises that are a required component for airport certification
under Part 139. Perhaps most importantly, this tool can be used to illustrate hot spots and other potentially
confusing areas on the airfield. Although airport diagrams label hot spots, they do not provide a strong
visual context for hot spots. The use of the enhanced airport diagram, provides a means to examine
airfield signage, runway markings, and other landmarks prior to experiencing them on the airfield.

Conclusion

Aviation safety is paramount, and the increase in runway incursions has prompted the FAA to
created programs specifically to reduce incursions. This research sets forth a low cost method to
familiarize airport users with the airfield, which will contribute to enhanced situational awareness and
support a reduction in runway incursions. The traditional method of providing airfield information to
aviation stakeholders via an airport diagram is useful, but a more modern version that incorporates photos
is beneficial. A Google Street View style map of the airfield increases situational awareness, one of the
risk factors identified by the RIM program, and results in a more robust visual aid, providing aviation
stakeholders an accurate representation of the airfield procedures and conditions from a ground-based
perspective, which has the potential to increasing safety and training efficiency.
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Unmanned aerial systems (UAS) are being added to the national airspace (NAS) in very
large numbers. Many universities have seen this demand for UAS operators and begun to
create programs in order to train undergraduate students in their use. The UAS industry
currently lacks adequate training requirements for beginning operators. This fact makes
university training important, because universities are one of the few places that offer
structured training. While the UAS industry in the US is in its infancy it is possible to
draw parallelisms the training history of manned flight in order to avoid pitfalls and offer
training in the most efficient way possible. This study utilizes a mid-fidelity UAS
simulation program in order to test the application of this technology. Preliminary results
show that simulator technology is helpful in teaching UAS flight in an undergraduate
setting.

Unmanned aerial systems (UASS) are being introduced into the United States national
airspace system (NAS) by the hundreds of thousands. As this new technology is implemented,
the question of how the operators of these vehicles will be trained is raised. With the
implementation of code of federal regulations (CFR) 14 part 107, the Federal Aviation
Administration (FAA) has set the framework for commercial operations of UASs inside the
NAS. These regulations not only allow for commercial use of UASs in the NAS, it places
limitations on the vehicles that can be used. The limitations are; the vehicle must weigh less than
55lbs, have a maximum speed of 100mph, stay at or below 400ft above ground level (AGL), and
stay within line of sight (Federal Aviation Administration, 2016). CFR 14 part 107 was released
in 2016 but in December 21, 2015 the FAA began requiring that all UASs between .55-55lbs be
registered. February 5, 2016 saw the number of registered UASs surpass the number of
registered manned aircraft, and by May 12, 2016 over 466,000 vehicles had been registered
(Federal Aviation Administration, 2016). This rapid growth far surpassed any of the forecasting
attempts done in the previous years.

In 2013, Darryl Jenkins and Dr. Bijan Vasigh, researchers for the Association for
Unmanned Vehicle Systems International (AUVSI), published a report on the economic impact
of these vehicles in the US. In this report, Jenkins and Vasigh used 100,000 vehicle sales as a
benchmark for the number of vehicles sold per year, for commercial purposes. They went on to
forecast that UASs would add over $82.1 billion to the economy by 2025 as well as add over
103,000 jobs paying on average $40,000 per year (Jenkins & Vasigh, 2013). However, in 2016,
the FAA predicted that around 600,000 UASs would be sold for commercial use. This large
difference in predictions will likely have an effect on the forecasted economic impact of UAS
integration into the NAS, as well as the jobs they create. The incredible potential that UASs have
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to influence the US economy in a positive manner make it extremely likely that these vehicles
will quickly become an integral part of the NAS.

Assuming that these vehicles will become a vital part of the NAS the question of how
these operators will be trained is incredibly important. One training option is to have individuals
follow CFR 14 part 107 requirements, as they exist at this time, which requires no experience
flying these vehicles. While this follows the letter of the law, it may not be the safest way to train
new UAS operators. Another approach is to implement UAS training at universities, and have
this training mimic flight training already done at universities. This style of training is being used
across the country by many different universities. One popular method is having students build
and flight test a UAS from a kit. This student built vehicle is then utilized in that course and later
courses. This method has a good amount of merit as it allows students to learn the components of
a UAS, learn how the construction methods affect flight, and allows them inexpensive flight
experience. However, this method alone allows for a wide range of hazardous errors.

This method generates two very prominent errors when used with students that have no
prior experience with UASS; the first problem is the possibility of components being installed
incorrectly leading to the vehicle to function incorrectly; the second problem is the increased risk
of crashes during flight. The first error can be easily fixed by providing more comprehensive
instructions to the students as they construct the vehicles, or by having a professor or teaching
assistant oversee the construction. The second error however is much more difficult to mitigate,
as any time an individual attempts to develop a new skill it is almost guaranteed that they will
make mistakes as part of the learning process. While this outcome is expected during any new
skill development, it becomes dangerous when teaching UAS operations. Kit built vehicles tend
to weigh between 3-5lbs, but their performance capabilities increase the possible damage from a
ground collision. Many are capable of maintaining speeds of 30 miles per hour or more, and
climbing to altitudes over 400 feet. This factor accompanied by the risk of laceration by the
propellers on the vehicle are the sort of risks that accompany an UAS flight. By solely training
new UAS operators with “real world” flight experience the likelihood of personal or property
damage is increased..

While there is no way to teach new operators without allowing them to fly their vehicles,
these flights can be augmented with simulator training. Simulator training has been the standard
of training in aviation for decades. This long usage offers a great deal of experience and
refinement for the emerging UAS industry can use to create the most efficient training programs.
One of these lessons is the idea that utilizing simulators that are extremely realistic, high fidelity,
in order to give realistic flight experiences does not mean that the simulator training is effective.
For many years aviation has placed a premium on how realistic a simulator is, because these
simulators are being used as a replacement for using an actual aircraft for familiarization and
recurrent training. In order to replace flying the aircraft with flying a simulator it appears that
replicating the flight environment is of the upmost importance. In this setting, it would seem that
a company would get the best training for their flight crews by spending money on the most
recent and most high tech simulators available. However, these simulators are often used to train
crews on day-to-day flying activities like standard operating procedures and crew roles
(Dahlstrom, Dekker, Winsen, & Nyce, 2009). This style of training has come about because
training evaluation has generally been done by having the trainees evaluate the training upon
their completion, this idea has led to high fidelity simulators to be rated extremely high because
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they very flashy and include a great deal of “bells and whistles” (Salas, Bowers, & Rhodenizer,
1998).

This approach to simulator training evaluation has come about because of the lack of
opportunity for research with high fidelity simulators. A high fidelity simulator is very costly,
and in order to make sure this equipment is used in a cost effective manner they are generally in
use for training continuously (Salas, Bowers, & Rhodenizer, 1998). In the place of high-fidelity
simulation training for normal operations, it has been suggested that lower fidelity simulators
that focus on adverse tasks and crew resource management (CRM) are more useful in practice.
Dahlstrom, et al. (2009) tested the use of a mid-fidelity simulation of a ship’s bridge, during this
simulation the subjects were given time critical and event driven scenarios in order to see if the
subjects could begin to develop skills useful in the target environment. This training experiment
was conducted over two days and included; two runs of the simulation along with briefings,
discussions, and lectures (Dahlstrom, Dekker, Winsen, & Nyce, 2009). These experiments
showed the subjects adapting quickly to different situations, and breaking out of their predefined
roles to better control the situation at hand (Dahlstrom, Dekker, Winsen, & Nyce, 2009). The
participants of this study also requested more simulation training similar to the experiment,
which shows that while they not only did better the subjects found the training enjoyable
(Dahlstrom, Dekker, Winsen, & Nyce, 2009). Dahlstrom, et al. go on to state that high-fidelity
simulations run the risk of reducing the imaginative and creative involvement of the participants.
This in turn can lead to the “internalization of a series of highly contextualized instrumental
stimulus-response relationships-putatively stress-resistant procedural response that may be
insensitive to, or even make actors unprepared for, contingencies outside of rehearsed routines,”
(Dahlstrom, Dekker, Winsen, & Nyce, 2009, p. 311).

Currently the only large operator of UASs in the US is the US military, and all four
branches utilize this technology. The United States Air Force (USAF) and the United States
Army differ greatly in their UAS missions and in their training methods. Both of these
organizations apply simulator technology in their training to differing degrees of success. The
USAF requires that all UAS pilots be trained pilots that have flown a minimum of one tour of
duty (Tvaryanas, Thompson, & Constable, 2005). A 2002 report by the United States Air Force
Research Lab describes the kind high-fidelity simulation used to cross train these experienced
pilots into the RQ1 Predator (Schreiber, Lyon, Martin, & Confer, 2002). By 2005, this simulation
training had proven to have a great many flaws (Tvaryanas, Thompson, & Constable, 2005). A
study conducted over the UAS mishaps in every branch of the military showed that despite the
greater flight experience of USAF operators, and their simulation training, they had the highest
rate of skill based errors (Tvaryanas, Thompson, & Constable, 2005). One of the main causes of
these errors was that this “high-fidelity” simulation did not represent the handling characteristics
of the vehicle (Tvaryanas, Thompson, & Constable, 2005). The US Army chooses UAS
operators from enlisted personnel and gives these individuals UAS specific training (Tvaryanas,
Thompson, & Constable, 2005). The UAS specific training that is given to US Army personnel
consists of 88 simulator hours in a 20 day period as well as training with the actual system
(Rosenberg, 2012). Unlike the USAF, the US Army uses many small, rugged, and relatively
inexpensive vehicles, which allows them to utilize them for real world training at a lesser cost
than if the USAF utilized it’s vehicles for many training flights (Rosenberg, 2012). This training
approach led the US Army having the lowest number of skill-based errors when compared with
the other three branches of the US military (Tvaryanas, Thompson, & Constable, 2005).
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Methodology

By utilizing commercially available simulation software, Real Flight 7.5, students
enrolled in 300 level UAS courses were able to gain and practice UAS flight skills. These
students had to complete 14 labs over the course of the semester, five simulator labs and nine
outdoor flying labs. Each of these simulator labs was designed to present the students with a
different aspect of UAS flight.

The first lab required the students to hover a very basic quadcopter, one without equipped
stabilization assistance, in different orientations during a 10mph cross wind from a third person
perspective. This task introduced students to the challenges of dealing with wind as well as the
challenges of partial and complete control reversal. The second lab required students to operate
the same vehicle from the previous lab in order to locate a missing item, this lab was done in first
person. This lab introduced one of the functions of UAS, and forced the students to maintain
constant situational awareness during the search. Lab three used the same quad-rotor vehicle to
navigate a course of tubes placed at different altitudes throughout the flight area, this lab was
also done in first person. Students performing this lab quickly learned that their vehicle’s battery
would deplete if they did not perform the course quickly enough. This challenge forced the
students to learn how to quickly and accurately make flight corrections in a time critical
environment. Labs four and five required the students to use a specific fixed wing vehicle
instead of the quad-rotor vehicle used for labs 1-3. During lab four, students had to demonstrate
their ability to land a fixed wing vehicle, from a third person perspective, consecutive times and
in wind. Flying a UAS from a third person view presents a problem with depth perception when
tracking the vehicle. The fifth lab required students to fly the same obstacle course as lab three
with a fixed wing vehicle. For this lab, the battery life of the vehicle was still a factor, but the
fixed wing vehicle was able to travel much more quickly, which mitigated this factor.
Highlighting this difference between vehicles allowed students to learn that certain vehicles are
better suited for certain applications.

The students who took this course also completed labs with quadcopters built from a kit
in a previous class. After completing this course these students continued onto the following
course that focuses on flying vehicles equipped with payloads. After this continued flight
experience, the students were given a survey asking their perceptions of the UAS simulator and
its usefulness. In this survey students were asked to state which simulator lab they felt were the
most helpful, least helpful, easiest, most difficult and if the labs increased their confidence
operating a UAS. Along with rating the labs the students were asked to describe the reasoning
behind their ratings.

Real Flight 7.5

Real flight 7.5 is a mid-fidelity UAS simulator that utilizes a mock UAS controller for
control inputs. This simulator contains over 140 aircraft of many configurations, and over 40
flight areas. Each of these aircraft is accurately modeled to the flight characteristics of their real
counterparts, and each of the flight areas has controllable atmospheric conditions present. This
simulator allows the user to operate their UAS from a third person view, as if they were looking
at the vehicle and flying, or from a first person view, as if they are looking through a camera
mounted on the vehicle.

Results
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At the time of publication, this study is ongoing. However, preliminary results suggest
that there is a correlation between gaining experience with the simulation equipment and skill
with the UAS in flight operations.

Conclusions

By utilizing simulators alongside inexpensive vehicles, undergraduates can be
professionally trained for safe operations in the NAS. This method mimics the training given to
enlisted personnel in the US Army, and should be easily adapted to undergraduate education. In
order to improve this study in the future, these surveys should be completed yearly and the
results compiled.
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Loss of control — inflight (LOC-1) has historically represented the largest category of
commercial aviation fatal accidents. A review of worldwide transport airplane accidents
(2001-2010) indicated that loss of airplane state awareness (ASA) was responsible for the
majority of the LOC-I fatality rate. The Commercial Aviation Safety Team (CAST) ASA
study identified 12 major themes that were indicated across the ASA accident and
incident events. One of the themes was crew distraction or ineffective attention
management, which was found to be involved in all 18 events including flight crew
channelized attention, startle/surprise, diverted attention, and/or confirmation bias. Safety
Enhancement (SE)-211, “Training for Attention Management” was formed to conduct
research to develop and assess commercial airline training methods and realistic
scenarios that can address these attention-related human performance limitations. This
paper describes NASA SE-211 research for new design approaches and validation of
line-oriented flight training (LOFT).

Recent accident and incident data suggests that Spatial Disorientation (SD) and Loss-of-Energy
State Awareness (LESA) for transport category aircraft are becoming an increasingly prevalent safety
concern in all domestic and international operations (Commercial Aviation Safety Team, 2014a). SD is
defined as an erroneous perception of aircraft attitude that can lead directly to a Loss-of-Control Inflight
(LOC-I) event and result in an accident or incident. LESA is typically characterized by a failure to
monitor or understand energy state indications (e.g., airspeed, altitude, vertical speed, commanded thrust)
and a resultant failure to maintain safe flight.

Commercial Aviation Safety Team (CAST) Analysis of LOC-I

A Commercial Aviation Safety Team (CAST) study of 18 LOC-I events determined that issues
with flight crew attention were involved in all of the 18 events. CAST created a research “Safety
Enhancement” (SE) specifically to address this problem state as identified in the CAST JSAT (Joint
Safety Analysis Team) and JSIT (Joint Safety Implementation Team) analyses (CAST, 2014a). It was
recommended that the aviation community (government, industry, and academia) should conduct research
on methods for understanding the phenomena of flight crew channelized attention, startle/surprise,
diverted attention, and confirmation bias. In response, NASA initiated a sub-project under the Airspace
Operations and Safety Program (AOSP), “Technologies for Airplane State Awareness”, to address this SE
and others. The research described in this paper specifically addresses SE-211, “Training for Attention
Management”.

Training for Attention Management. CAST recommended research and training organizations
develop methods to detect and measure attention-related human performance limiting states (AHPLS).
Furthermore, research organizations should work with industry partners (air carriers, manufacturers, and
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commercial training providers) to develop methods and guidelines for creating training scenarios that
induce AHPLS and develop and assess potential mitigations to these issues in the training environment.
The “detailed implementation plan” for SE-211 (Commercial Aviation Safety Team, 2014b) described
two keys tasks, assigned to NASA, which were: 1) the development of valid methods to detect and
measure AHPLS in pilots; and, 2) the development of methods for creating realistic, high workload
scenarios that can induce human performance limitations, including channelized attention, startle/surprise,
diverted attention, and confirmation bias.

Scenarios for Human Attention Restoration Using Psychophysiology (SHARP)

The SHARP study was conducted at NASA Langley Research Center in the spring of 2016 and
consisted of multiple facets to assess crew state monitoring measures (Harrivel, et al., 2017) and the
induction of AHPLS via benchmark tasks and a line-oriented simulation (LOS) scenario. Data collection
was performed in the Research Flight Deck in the Cockpit Motion Facility at NASA Langley. The
simulator has full-mission, Level D type capabilities and the flight deck emulates a B-787, but with a B-
757 aerodynamic model. The crew state monitoring (CSM) data will be used, post-test, in the
development of classification methods for detecting AHPLS.

A LOS scenario was designed to provide a high-fidelity simulation of line operations with event
sets designed to induce channelized attention and startle/surprise; the CSM and pilot qualitative and
guantitative data collected during the event sets will be used for purpose of validating AHPLS
classification algorithms during LOFT. This paper describes the LOS scenario results. The results of
analyses on the crew state monitoring (CSM) measures captured during the benchmark tasks and during
employment in the LOS scenario are reported elsewhere (Harrivel et al., 2017, and Harrivel et al., 2016).

NASA Langley Research Center subject matter experts (SMEs) and line-operational commercial
airline pilots with combined experience of more than 30 years designed the LOS event set. The scenario
was also developed by reference to FAA Advisory Circular (AC) 120-35D (Federal Aviation
Administration, 2015a) which presents the guidelines for the design, implementation, and validation of
LOFT. The LOS used a gate-to-gate (from pushback to taxi-in) scenario with multiple event sets designed
to induce startle/surprise and channelized attention AHPLS.

Twelve flight crews were paired based on pilot role (Captain, First Officer) and same airline.
Each flight crew averaged 22,000 hours of experience with both the B-757 and B-787 aircrafts. The
LOFT scenario included debriefing, dispatch paperwork, and other materials and instruction that airlines
typically provide for LOFTs (based on two major airlines and manufacturer that had partnered with
NASA for this research).

LOFT Scenario Events

Wake Hazard Event. Following the taxi-out, the first major event consisted of a wake encounter
which occurred at 700 ft. mean sea level (MSL) after take-off from Runway 36L at Memphis (KMEM).
The event created a startle state due to an aircraft roll upset at low altitude. The simulated wake encounter
aerodynamic behaviors were verified by SMEs and calibrated by line-operational commercial airline
pilots who had each experienced similar low-altitude wakes.

Hydraulic System/Anti-Skid Failure Events. The second major event was a right hydraulic system
pressure and antiskid failure approximately 20 nmi. from the LEOOO waypoint on the BBKNG 4
departure. The event set was designed to induce channelized attention on the part of the flight crews by
requiring an extensive sequence of checklist items and decision-making considerations (e.g., alternate
airports, systems integrity, landing/stopping distances, availability of controls and gear, etc.). The event
set provided behavioral indicator checks to determine whether the flight crew was channelized on the
basis of: (a) communication patterns and verbiage and attentional management toward other activities
(e.g., Air Traffic Control, ATC, responses); and, (b) detection of “proximate” traffic that was also heading
to the LEOOO waypoint. The potential incursion traffic was an aircraft that departed from Runway 18C
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(the scenario design allowed for both north and south traffic departure flows) and party-line
communications were provided that indicated that the traffic was cleared to the LEOOO waypoint at
altitude that conflicted with the own ship. The event set was designed to cause a proximate traffic
encounter if pilots were channelized in attention, since the traffic was observable and appropriate
mitigation responses could be performed (e.g., contact ATC) well before the encounter. The traffic was
clearly visible on the navigation display for the entire duration of the event set and SMEs predicted that
the traffic should be detected 100% of the time under normal operations and conditions (note: depending
on how the flight crews navigated and managed the situation, the incursion traffic could become a Traffic
alert and Collision Avoidance System, TCAS, “caution”).

Trailing Edge Flap Asymmetry Event. The third major event was a trailing edge flap asymmetry
(TE FLAP ASYM) which occurred after flight crews were directed back to KMEM for approach to
Runway 36L following the hydraulic leak. Runway 36C is the longer runway at Memphis, but the
scenario had the runway occupied and unavailable due to foreign object debris that was on runway.
Because of the weather conditions and poor braking action reported, flight crews had significant cognitive
overhead when deciding whether to accept the runway assignment or request to go an alternate airport due
to the aforementioned hydraulic leak and antiskid failures. There were significant variations in how flight
crews handled the decision and problem-solving and exhibited threat and error management. However, all
flight crews eventually accepted an approach to Runway 36L.

During the approach, the trailing edge flap asymmetry event occurred; the flap asymmetric
deployment was alerted to the crew on the Engine Indication and Crew Alerting System. The checklist
allowed for a flight crew decision to continue the landing based on the flap configuration but most flight
crews requested a go-around and executed the missed approach. For those that elected to continue, ATC
issued a go-around (traffic was reported on the runway). The event, combined with the existing issues,
was designed to induce channelized attention due to the temporal demands and decisional factors that
needed to be considered once the event occurred (e.g., electronic checklist, decision to go-around or land,
etc.) The amount of cognitive effort was high during the timing of the event (which went caution alert to
the go-around and clean-up and climb to Hold), regardless of whether the pilots initiated the go-around
and contacted ATC or ATC issued the go-around, to include the subsequent crew coordination, clean-up
of aircraft, and discussion on option. The exception were the four flight crews that immediately executed
the missed approach after the TE FLAP ASYM caution was presented on engine indication and crew
alerting system (EICAS) display (see discussion below).

Missed Approach Event. After initiating the Runway 36L missed approach, the flight crews
climbed and then leveled-off at 3000 ft. on the runway heading and then were turned to a heading of 330
and instructed to proceed to the KALIE waypoint to hold at 5000 ft. ATC then gave vectors to return to
KMEM Runway 36C (the longer runway that all pilots preferred earlier was now available). Flight crews
were provided speed and vectors to the ILS 36C approach. Due to the trailing edge flap asymmetry, the
approach speed was significantly higher than normal (186 knots indicated airspeed).

Runway Incursion Event. The Runway 36C runway incursion event was designed to induce
startle/surprise. The incursion was triggered by an aircraft that had erroneously crossed the active runway.
Because the landing speed is higher than nominal approach, the reaction time to such an event was
reduced creating the conditions for a startle/surprise response. The aircraft timing was intended to
purposely not cause a collision on the runway but to simulate a Category B runway incursion event. Due
to flight crew decisions or timing issues, in a few cases, the runway incursion aircraft was blocking the
runway when the aircraft landed; in such cases, the pilots were briefed that the event was not as intended.

ATC Taxi Clearance Event. After the flight crew turned off the runway, ATC instructed the
aircraft to hold on the taxiway and contact ground. Ground ATC issued a plausible and almost correct
taxi clearance that would require the flight crews to carefully consider the path prior to execution to avoid
an error in taxi. Depending upon their exit, they were either given a taxi clearance which crossed a
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runway (without a hold short of or clearance to cross the runway in the ATC taxi clearance) or were given
a clearance that had a discontinuity (i.e., the cleared route omitted a taxiway). If the flight crews
communicated that they had an issue with the clearance, ATC immediately corrected it. It is standard
practice for pilots to immediately read-back the clearance to ATC verbatim (which in this case was an
intentionally generated ATC error), or ‘Roger’ or call sign or other (which is not recommended SOP but
this would not be marked as an error if done), but they then should review and verify the route on chart.
Often, this is done while the aircraft is taxiing, but in this case the aircraft was stopped on taxi-way and
there were no temporal pressures to begin taxi until the pilots were ready (due to the runway incursion
event ATC had located the aircraft where they were a non-issue for other aircraft and ATC told the pilots
they could begin when ready). However, if the flight crew did not identify the error and contact ATC
before taxiing, this was not considered as an error; only, if the flight crews did not detect the routing
deficiency prior to arriving at the route error was it marked error (recognizing that the original error was
ATC).

Discussion

Quantitative and qualitative data were collected from the crews to assess the efficacy of the
scenario to illicit realism, training effectiveness, and AHPLS. The qualitative data results for the LOFT
scenario evince that the LOFT scenario was rated to be “excellent” / “very good” (82%) with 68% of
pilots responding that NASA LOFT scenario was of higher quality than airline LOFT scenarios they had
experienced. The NASA LOFT scenario was also judged “very good” to “excellent” for all pilots’
responses in comparison of realism to actual commercial flight operations and these hazards encountered
on the line.

Startle/Surprise

Wake Encounter Event. The LOFT scenario was found to be highly effective to producing
startle/surprise responses for the wake encounter event set - 58% of Captains and 33% of First Officers
exhibited behavioral indicators of startle/surprise (based on SME video analyses). Participant pilots rated
the wake encounter as 4.5/5 on the Wake Vortex Encounter (WVE) questionnaire (Ahmad et al., 2014)
for realism. The WVE data ranged from pilot ratings of ‘Minor’ (2 responses), ‘Major’ (18 responses), to
‘Hazardous’ (6 responses) in effect. Pilots reported that roll angle and roll rate (20 out of 26 responses)
was the most significant parameter identifying the disturbances as a wake. Pitch angle and rate (6 out of
26 responses) was also indicated as significant parameter. Pilot comments validated that the simulated
wake event was realistic and similar to those operationally encountered.

Runway Incursion Event. The LOFT scenario was also found to be highly effective to
producing startle/surprise responses for the runway incursion event set; 42% of Captains and 33% of First
Officers displayed behavioral indicators of startle/surprise. Jones and Prinzel (2011) reported on a set of
standard dependent measures used in runway incursion research based on the Runway Incursion Severity
Index (Federal Aviation Administration, 2015b). The LOFT scenario event was designed to be a “pilot
deviation” event (cross hold line on active runway of other traffic) - a Category B type runway incursion -
requiring the flight crews to make corrective/evasive action to avoid a collision but was not expected to
result in a collision unless the flight crew exhibited poor attention management. Post hoc analysis, based
on the FAA Runway Severity Index Rating, of video of the 10 crews who experienced an incursion
showed that 4 were rated as Category A events, no Category B, 6 Category C, and 2 Category D events.
These data support that these highly experienced flight crews were mostly effective at recognizing and
preventing a more serious runway incursion situation.

ATC Taxi Clearance Event. The ATC taxi clearance error event set demonstrated that
approximately half of the flight crews accepted the erroneous taxi-in clearance without cross-checking
and verification. The error was not that the flight crews read-back of the erroneous ATC clearance and
ATC confirmed the read-back, but that the pilots were told to stop on the taxiway after runway turn-off
and to contact ground and, therefore, were given ample time to review route before starting taxi again. It
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is standard practice for pilots to read-back the clearance upon receiving it, but to then to after review the
route on the charts to ensure it is correct (often while taxiing where the pilot-not-taxiing reviews the route
on the chart) and that they know where they are going. There were no temporal demands on the pilots, as
there often are at major airports, and the event was not meant to be a major safety event although one
flight crew had taxied onto the active runway before stopping beyond the hold line before contacting
Tower. The results evinced that those pilots that experienced the highest channelized attention and
startle/surprise responses previously during LOFT did not review, or did so only cursorily, the taxi-in
route before or during taxi; these flight crews only realized the ATC error when they came to the mistake
in the route. The results suggest that the effects of startle/surprise and channelized attention can continue
after the event even when pilots had substantial opportunity to stop and reset without significant temporal
demands.

Channelized Attention

Hydraulic System/ Anti-Skid Event. The first channelized attention event set was highly
effective to induce channelized attention. 92% (11/12 flight crews) did not detect the proximate traffic
and in several cases, a TCAS ‘caution’ alert was generated due to the attentional focus required by the
complex and lengthy electronic checklist.

Trailing Edge Flap Asymmetry. The second channelized attention event set was marginally
effective owing largely to the highly variable nature of scenario segment which, to maintain realism,
allowed degrees of freedom for pilot responses; as consequence, the trailing edge flap asymmetry and
behavioral indicators did not always manifest themselves in the LOFT scenario. 42% (5/12 flight crews)
showed evidence of channelized attention. Half of the flight crews did not complete the scenario event set
segment as crafted so they did not encounter the event mechanisms designed to induce AHPLS.

Quialitative and Quantitative Pilot Performance

Overall, the flight crews exhibited acceptable threat and error management (e.g., Maurino, 2005)
Human Factors Training Manual Doc 9683, and NOTECH or non-technical skills (e.g., Flin et al., 2003)
and line/LOS behavioral markers (e.g., Kanki, Helmreich, and Anca, 2010) were found to be “acceptable”
to “good” across all the commercial pilots (based on SME video analyses). Pilot technical standards were
found to meet the FAA published standards (FAA-S-8081-5F, 2008) and were evaluated against the
performance standards for each phase of operations during the LOFT scenario.

Pilot responses to an extensive and detailed final questionnaire provided a wealth of data in terms
of current LOFT scenario implementation at airline training centers and substantial information for
further work for SE-211. The questionnaire revealed significant and valuable data for how to enhance
LOFT scenario and implementations and potential avenues to explore for further scenario development
specific to construction of training for attention management scenario and related constructs
(confirmation bias, diverted attention, startle/surprise, and channelized attention).

Future Directions

Although not discussed here, analyses are on-going to compare these AHPLS behavioral
responses to the CSM classification data. The subjective data suggests that there are a number of potential
other or additional opportunities to implement and assess the CSM data for AHPLS, including diverted
attention, within the LOFT scenario. Communication analyses (Kanki, Lozito, and Foushee, 1989) are
on-going for each event set and the overall LOFT to add additional behavior markers for this
characterization/classification. A substantial amount of data cannot be fully described here within the
space available, but the results show that LOFT scenarios can be effectively designed to induce AHPLS.

The data suggests that LOFT sessions may have more value if event sets were used with the goal
of training pilots to combat AHPLS rather than focus on the event set itself (e.g., training on runway
incursion mitigation). Results described in Harrivel et al. (2017) suggest that CSM methods and
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approaches may be useful in the validation of event sets and potentially for real-time analysis during
LOFT sessions. Harrivel et al. (2017) describe the CSM benchmark classification results and similar
analyses that are being conducted.

Future directions include additional LOFT scenario evaluation with events sets designed to
induce other AHPLS, including diverted attention and confirmation bias. Airline and major aircraft
manufacturer training centers have partnered with NASA to continue to improve the design of LOS
design and training methods. The planned efforts include evaluation of scenario event sets and
recommended approaches during actual airline training LOFTs for training AHPLS.
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Human-autonomous systems have the potential to mitigate pilot cognitive
impairment and improve aviation safety. A research team at NASA Langley
conducted an experiment to study the impact of mild normobaric hypoxia
induction on aircraft pilot performance and psychophysiological state. A within-
subjects design involved non-hypoxic and hypoxic exposures while performing
three 10-minute tasks. Results indicated the effect of 15,000 feet simulated
altitude did not induce significant performance decrement but did produce
increase in perceived workload. Analyses of psychophysiological responses
evince the potential of biomarkers for hypoxia onset. This study represents on-
going work at NASA intending to add to the current knowledge of
psychophysiologically-based input to automation to increase aviation safety.

The Next Generation Air Transportation System (NextGen; FAA, 2011) is designed to
improve airspace capacity and maintain, if not, improve flight safety. Within the NASA
Aeronautics Research Mission Directorate (ARMD), the Safe Autonomous Systems Operations
(SASO) project is supporting the NextGen development and directing research into increasingly
autonomous systems-supported operations. Increasingly autonomous systems are envisioned as a
future flight deck technology “building-block” where machine learning/artificial intelligence
algorithms are aware of the vehicle, operator, and airspace system state and respond
appropriately (Stephens et al., 2011). These future systems will sense internal and external
hazards, evaluate them, and facilitate timely and suitable responses for mitigation.

A controlled method for inducing poor operator functional state (OFS) will further
development of behavioral, psychophysiological, and performance indices to augment
automation capabilities and potentially enable the creation of technologies necessary for reduced
crew operations. Hypoxic hypoxia is a reduction of oxygen in the arterial blood with a resulting
decrease in oxygen for diffusion into the tissues (Gradwell, 2006). Hypobaric hypoxia, a
mechanism for hypoxic hypoxia, is caused by a reduction of oxygen partial pressure in inspired
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air at altitude, and has been an aeromedical and human performance concern since the dawn of
aviation (Dille, 2002). Brief hypoxia in humans results in temporary cognitive impairment
including lapses of attention or loss of situation awareness related to human error. The
intentional use of hypoxia in human test subjects for the concomitant cognitive impairment has
potential for understanding limitations of human operators and performance augmentation from
autonomous systems.

A research team at NASA LaRC applied normobaric hypoxia induction in human
subjects to study the impact on aircraft pilot performance. Voluntary subjects in the study
experienced simulated altitudes of Sea Level (21% O) and 15,000 feet (11.2% O) induced by
an Environics, Inc. Reduced Oxygen Breathing Device (ROBD-2). During non-hypoxic and
hypoxic exposures each test subject performed a battery of written, computer-based, and flight
simulation tasks. Task performance measures, NASA Task Load Index subjective self-report of
workload, and physiological responses including: pulse oxygen saturation (SPO,),
electrocardiogram (ECG), respiratory effort, and electroencephalogram (EEG) were recorded.
The performance, subjective, and physiological data were examined to understand cognitive
impairment due to mild hypoxia exposure. The purpose of this study is to add to the current
knowledge of psychophysiologically-based input to automation to increase aviation safety.

Technical Goals

e Stage and deploy hypoxia induction equipment, psychological testing batteries, and
physiological recording equipment.

o Assess efficacy of cognitive impairment induced by mild hypoxia exposure.

e Determine safe and effective method for performing hypoxia induction in future
studies to support OFS assessment.

Method
Experiment Subjects

The experiment sample (N = 57) included 8 women and 49 men. All subjects were
screened for disorders and excluded from participating if they reported neurological,
cardiovascular, prescription medication affecting cenral nervous system and autonomic nervous
system activity, and smoking. Furthermore, a medical examination conducted at the NASA
LaRC Clinic consisting of a 12-lead electrocardiogram, complete blood count with differential,
and pulmonary function test with all results being within normal limits was required in order to
participate.

Experiment Apparatus
An Environics, Inc. ROBD-2 (see Figure 1) portable computerized gas-blending
instrument used to induce hypoxia, without changes in atmospheric pressure, through an

aviator’s oxygen mask worn by the human research subject. The ROBD-2 is capable of
producing Sea Level (21% O,) to 34,000 feet (4% O5).
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sk from exceeding 1 PSIG.

Figure 1. Schematic depiction of ROBD-2 configuration  Figure 2. Test subject in flight sim
Physiological Recording

EEG was recorded from 16 electrode sites (AF1, AF;,, F1, F2, Fz, C1, Cy, Cz, Py, Py,
POz, T7, Tg, Oy, Oy, Oz ; International 10-20 system; Jasper, 1958) through a gTEC gUSBAmMp
amplifier (see Figure 2). SPO,, ECG, respiration effort, and galvanic skin response (GSR) were
also recorded through a gTEC gUSBAmMp amplifier. All signals were digitized at 256 Hz. SPO,
and pulse rate were redundantly monitored and recorded from the ROBD-2.

Experiment Tasks

Each test subject performed a battery of written, computer-based, and flight simulation
tasks. A Cognitive Function Test (Westermann, 2004) battery of written tasks was completed by
half of the subjects including: simple computational problems — addition, subtraction, or
multiplication; serial 7 subtraction; eye-hand coordination drawing; semantic memory and
visual-motor coordination; working memory digit and address recall; and trail-making A and B.
The other half of the subjects completed the CogScreen Hypoxia Edition (Kay, 1995). The
Multi-Attribute Task Battery-I1 was performed involving tasks analogous to activities performed
by aircraft crewmembers in flight (Santiago-Espada et al., 2011). Also, a flight simulation task
was performed using X-Plane 10 simulation (KC-10 aircraft model) connected to force feedback
sidestick control inceptors.

Experimental Procedure

The experimental session lasted approximately 4 hours. Subjects completed informed
consent documentation. Subjects were briefed on the operation of the ROBD-2 and connected to
physiological recording equipment. Subjects completed training sessions for each experiment
task. Subjects sat quietly breathing room air while wearing mask to establish physiological
baseline. Subjects performed each task three times under the following conditions: 1) breathing
room air while wearing mask; 2) breathing sea level gas mixture through mask; and, 3) breathing
15,000 feet gas mixture through mask. Subjects recovered from hypoxia exposure by breathing
100% O, for 2 minutes following the 15,000 feet exposure. Subjects completed self-reported
workload measure (NASA-Task Load Index, NASA-TLX) after each trial. After completing all
trials, subjects were debriefed regarding the study purpose.

Dependent Measures
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The experimental design was within-subjects, so all subjects experienced hypoxia while
performing all of the experiment tasks. Self-reported hypoxia symptoms are recorded and will be
examined to better understand the individual variability of hypoxia exposure. Self-reported
workload (NASA-TLX) was examined to assess effect of hypoxia on subjective experience of
each task. Performance on each of the tasks was assessed for errors of commission and omission.
Raw physiological data were reduced to variables indicative of OFS to determine the effect of
hypoxia on indices of OFS.

More advanced analysis techniques were employed to examine complex coupling of
multiple body systems. Specifically, ECG multivariate respiration entropy was calculated by
temporally syncing the respiration tidal volume signal with the ECG signal. The ECG signal was
then used as the reference where a QRS detector was applied to determine the indice locations of
the R wave (Pan & Tompkins, 1985). Utilizing the indices of the array from the ECG signal, we
extract the tidal volume of the respiration at that specific time instance of when the R-Wave
occurred. We then obtained the R-R interval from the ECG signal and the ‘downsampled’ tidal
volume of the respiration signal to apply the multivariate entropy calculation to the two
sequences (Costa et al., 2002). The configuration parameters of the multivariate entropy have
been specified in the literature as follows: delay vector using a time delay vector of tau= (1,1),
embedded dimension vector M = (2,2), and tolerance value (threshold) of r = 0.2 of the standard
deviation (Richman & Moorman, 2000; Riedl et al., 2013).

The EEG data was analyzed using inspiration around the core idea proposed by von
Tscharner (2000) and is similar to bandpass filtering and the concept of equalizers. The
connection with wavelet theory is that the filter is constructed by rescaling a single basis

~ _ _ 2, _ 4 i . B
function, §(f) = e a(f=f)"+=B (F=fo)" sing a special array of scales in the frequency
domain with no imaginary components, where f represents the frequency, f. is the center

frequency of the wavelet, and & and ﬁ are tuning parameters that aid in maintaining an
appropriate filter bank plateau value. These wavelets were then projected in the time domain
using the Fast Fourier Transform. This allows us to obtain a complex wavelet design (real and
imaginary components) in the time domain. Thus, when convolved with the EEG signal we
produce a filtered signal intensity as a function of time. The filter bank design and optimization
for this methodology is discussed in Napoli et al (2017). The signal is then smoothed using a
Gaussian filter, providing 12 wavelet filters each with their own specified frequency bands
tailored for EEG analysis. These frequency bands represent the typical delta, beta, theta, alpha
and gamma bands. Each subject’s EEG band intensities are z-scored prior to conducting
statistical tests.

The alternative hypothesis is: human subjects experience cognitive impairments to a
greater extent (p < 0.05) during ROBD-2 equivalent altitude = 15,000 ft (11.2% Oxygen) than
during ROBD-2 equivalent altitude = sea level (21% Oxygen). ANOVA were used to test for
main and interaction effects of subjective, behavioral, psychophysiological, and performance
indices during sea level condition compared to hypoxia condition. Additional analyses of
physiological and cortical responses were conducted.

Results

Statistical analyses of subjective workload ratings revealed significant difference between
the sea level and 15,000 ft normobaric hypoxia conditions only during the flight simulation task:
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NASA-TLX Overall Workload: t(52) = 1.8136, p = 0.0036
NASA-TLX Mental Effort: t(52) = 1.1726, p = 0.0488
NASA-TLX Performance: t(52) = 2.668, p =0.0412
NASA-TLX Frustration: t(52) = 2.189, p = 0.0154

ANOVA statistical analyses of the EEG and task performance revealed no significant difference
between the sea level and 15,000 ft normobaric hypoxia conditions.

However, the ECG-Respiration Multivariate Coupling revealed a significant difference between
the sea level and 15,000 ft normobaric hypoxia conditions:
e 1(361) =5.7053, p<0.001

The analysis demonstrated a significant decrease in the normalized power of wavelet Wg (mid-
level beta band: 15.19-18.37 Hz) across all but three sites (O, F1, and C>) during hypoxic trials.

Discussion

Analyses involving coupling across physiological systems and wavelet transforms of
cortical activity revealed patterns that can discern between the simulated altitude conditions.
Specifically, multivariate entropy of ECG/Respiration components were found to be significant
predictors (p< 0.02) of hypoxia. Furthermore, in EEG, there was a significant decrease in mid-
level beta (15.19-18.37 Hz) during the hypoxic condition in thirteen of sixteen sites across the
scalp. Task performance was not appreciably impacted by the effect of 15,000 feet simulated
altitude but self-reported indices of workload were found to be statistically significant due to
hypoxia. Analyses of psychophysiological responses evince the potential of biomarkers for mild
hypoxia onset.

The potential for identifying shifts in underlying cortical and physiological systems could
serve as a means to identify the onset of deteriorated cognitive state. Enabling such assessment in
future flightdecks could permit increasingly autonomous systems-supported operations.
Augmenting human operator through assessment of cognitive impairment has the potential to
further improve operator performance and mitigate human error in safety critical contexts. This
study represents on-going work at NASA intending to add to the current knowledge of
psychophysiologically-based input to automation to increase aviation safety.
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Introduction

In order for pilots to carry passengers from one destination to another they must rely on
their indicators and controls to take them there safely. This also includes their ability to use
autopilot technology to help facilitate ease of travel and safety for not only pilots but passengers,
as well. Autopilot technology is always advancing and now we are seeing that technology being
incorporated into commercial aviation and UAS’s doing tasks such as transporting goods to
people’s homes to performing military operations Despite this advancement in technology,
passengers may feel nervous about pilots relying on autopilot technology for flight instead of
flying manually. What types of passengers trust autopilots and find that autopilots are reliable?

Autopilots have been around for many years and the technology keeps improving.
However some may argue pilots rely too much on autopilots which can be looked at as a
handicap instead of flying with manual controls. Autopilots are a valuable resource in not only
helping to aid pilots with flying safely and accurately but also aid in long duration flights. In
Plane and Pilot (2012) Bill Cox talks about the usefulness and importance of autopilots. Pilots
traveling for long duration flights become fatigued and may have to navigate through turbulent
weather thus relying on autopilots for aid and accuracy in flying. Without the aid of autopilot,
flying could be more difficult with higher degrees of human error. To begin utilizing autopilot
technology we must first have trust in automation.

With more processes and technology becoming automated consumers may have mixed
feelings and perceptions which could lead to a lack of trust in automation. In order for
automation to be successful there needs to be a certain level of trust from consumers. Three
studies conducted by Dzindolet, Peterson, Pomranky, Pierce and Beck (2003) looked at the
relationship among automation trust, reliability, and resilience. Participants were shown slides of
Fort Sill terrain and were asked to specify whether or not there was a camouflaged soldier while
being assisted by an automated decision aid. Initially they found participants were trusting of the
automated aid until it started making errors. An explanation of errors was needed to regain trust
in the automation so they would know why the error occurred. This study helps to show how
trust of automated systems can be swayed depending on the reliability of the system. Our study
was focused on discovering what factors determined a person’s trust in autopilot. Our hypothesis
is as follows:
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Ho: There will be no significant predictors of trust in autopilots when controlling for all other
variables

Ha: There will be at least one significant predictor of trust in autopilots when controlling for all
other variables

Methods
Participants

Eighty-nine (48 females) participants from the United States participated in this study.
The study utilizes participants that were recruited via Amazon’s ® Mechanical Turk ®, and were
compensated for their completion of the survey. The mean age was 37.12 (SD = 13.16).

Procedure, Materials and Stimuli

First, the participants were asked to fill out a consent form and given instructions.
Participants were given a hypothetical scenario about flying on a commercial flight from one
major city to another. The participants were told that an autopilot would control the entire flight
from takeoff to landing. The study utilized a previously validated trust scale adapted to fit the
context of this research (Rice, Mehta, Winter & Oyman, 2015). Participants responded to the
trust statements along a 5-point Likert-type scale from Strongly Disagree (-2) to Strongly Agree
(+2) with a zero neutral option. A second aspect to the study was that participants were presented
with another hypothetical situation. Participants were told that they had ordered a package from
an online retailer, and that the package would be delivered via a drone (Unmanned Aerial
Systems — UAS) operated by an autopilot. The same scale was used to rate participants’ level of
trust in the autopilot. The participants were then asked for demographic information, as well as a
series of questions about personality traits, after which they were debriefed and dismissed.

Design

The study employs a correlational design using two stepwise regressions in order to
create two regression equations in order to find significant predictors to autopilot trust. The two
prediction equations being created refer to trust in autopilots as it relates to commercial air travel,
and the use of UAS for package delivery. The factors being tested in this study as potential
predictors of autopilot trust are: gender, age, political affiliation, education level, income,
Frequency of air travel per year, trust in technology, number of high-tech devices owned, ratings
of aviation technology encountered, general attitudes towards technology, general attitudes
towards machine, knowledge about autopilots. The dependent variable is the participants’ trust
scores.

Results
In this study, a regression analysis was conducted of the dataset with respect to
participants’ trust in autopilots as it related to a commercial airline flight. The predictors being

tested were gender, age, political affiliation, education level, income, Frequency of air travel per
year, trust in technology, number of high-tech devices owned, ratings of aviation technology
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encountered, general attitudes towards technology, general attitudes towards machine,
knowledge about autopilots. A backward stepwise regression was employed to eliminate
statistically insignificant predictors. The resulting model included two significant predictors,
general attitudes towards machines, and general attitudes towards technology out of the original
twelve predictors. The regression equation created as a result of this analysis was:

Y =-0.09 + 0.29X; + 0.20 X,

where Y is predicted trust score trust in autopilots relating to commercial airline flights, and X1
and X, are general attitudes towards machines, and general attitudes towards technology
respectively. The model accounted for 29.40% (27.80% adjusted) of the variance in the criterion,
F(2,84) = 17.52, p <0.05.

Another similar regression analysis was conducted on participants’ trust in autopilots as it
relates to the use of UAS for package delivery. The predictors being tested were once again,
gender, age, political affiliation, education level, income, Frequency of air travel per year, trust
in technology, number of high-tech devices owned, ratings of aviation technology encountered,
general attitudes towards technology, general attitudes towards machine, knowledge about
autopilots. A backward stepwise regression was employed to eliminate statistically insignificant
predictors. The resulting model included two significant predictors, trust in technology, and
general attitudes towards machines out of the original twelve predictors. The regression equation
created as a result of this analysis was:

Y =-0.60 + 0.01X; +0.22 X,

where Y is predicted trust score trust in autopilots relating the use of UAS for package delivery.,
and X; and X are trust in technology, and general attitudes towards machines respectively. The
model accounted for 26.90% (25.10% adjusted) of the variance in the criterion, F(2,84) = 15.43,
p <0.05.

Discussion

As the field of aviation becomes increasingly automated, particularly around the topic of
fully-automated commercial flights and UAS’s, it is important to discuss the consumers’ attitude
toward the automation. The purpose of this study was to determine what factors were significant
indicators of a person’s trust in autopilots in the context of a commercial air travel and the use of
UAS for package delivery. Twelve potential factors were considered; however, the stepwise
regression model only identified two factors as being significant predictors: general attitudes
toward technology and general attitudes towards machines. Presumably, participants who have
had consistently reliable experiences with electronic devices, and who had a more positive
attitude toward technology, were more trusting of autopilots. Majority of participants probably
have a large amount of trust in their own electronic devices; therefore, they have more feelings
of trust toward all electronic machines. Likewise, if they have a more positive attitude toward
technology in general then they will be more likely to have a more positive attitude toward
autopilots.
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We hypothesized that at least one of the twelve factors would be a significant predictor of
trust in autopilots. As predicted, general attitude toward technology and general attitude toward
machines were significant predictors of trust in autopilot. During an interaction with automation,
a person’s trust is expected to be dynamic depending on their experience in the past and during
the present. Social psychology literature has found that when lacking contradictory information,
people tend to view each other, and unfamiliar or unknown things, as good (Cacioppo, Gardener,
& Berntson, 1997; Dzindolet, Peterson, Pomranky, Pierce, & Beck, 2003). If people already have
positive feelings toward machines and technology, then it may be possible that this positivity
bias is extending to autopilots, as well.

Theoretical Contributions

Previous studies have shown that a person’s willingness to use an automated device is
moderated by the automation’s reliability and the operator’s trust in automation (Itoh, Abe, &
Tanaka, 1999; Lee & Moray, 1992; Muir & Moray, 1996). In this context, “trust can be defined
as the attitude that an agent will help achieve an individual’s goals in a situation characterized by
uncertainty and vulnerability” (Lee & See, 2004). When people trust the automated devices they
already own, because there is high reliability, this translates to trust in the autopilots within
commercial aviation and UAS’s.

In addition, the level of reliability of the automated device plays an important role in
determining the consumers’ level of trust in the device (Cohen, Parasuraman, Freeman, 1998;
Dzindolet et al., 2003; Parasuraman & Riley, 1997). The more reliable an automated device is,
the more trust a consumer will have in that device. Likewise, consumers tend to have less trust in
automated devices that are less reliable. In everyday life, people’s experiences with automated
devices tend to be fairly reliable; our computers don’t crash every single day, phones reliably
send texts and receive calls, air conditioning turns on and off as scheduled, etc. Therefore, people
who experience high reliability with the automation devices they already own might judge
autopilots in airplanes and UAS’s as highly reliable, as well.

Applications

As society becomes increasingly automated, it is important to consider how consumers
feel about fully automated technology, such as self-driving cars and fully autonomous airplanes.
Companies will need to consider the best methods of encouraging trust between the user and the
automation. Our study provides evidence of two factors that are significant predictors of trust:
general attitudes toward machines and general attitudes toward technology. Companies should
consider that automation that is highly reliable encourages consumers to have higher trust in the
automation, and therefore use it more frequently. Future research should consider how to
strengthen a person’s attitude toward machines and technology. If this relationship can be
strengthened, then it may be possible to influence the amount of trust a person has in automation
and their willingness to use automated devices.
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Limitations

One limitation of our study may be the use of convenience sampling via MTurk. MTurk
has been shown to have similar reliability, gender, and ethnicity data composition as data that is
collected in the lab (Johnson & Borden, 2012). However, since we are not in control of who
participates, it is possible that our pool of participants did not contain a large amount of
variability. Additionally, participants responded to the questionnaire using pre-determined
answer choices. While this allows for everyone to have to same options, we may have missed
information identifying potential predictors because participants were not allowed to write in
their own answers.

Conclusions

Technology has allowed for several advances in automation and it is important to
consider what factors predict consumers’ trust, particularly in high-risk environments, such as
autopilots for commercial aviation and UAS’s. Previous research has shown that a person’s
willingness to use an automation device is moderated by the automation’s reliability and the
operator’s trust in automation (Itoh, Abe, & Tanaka, 1999; Lee & Moray, 1992; Muir & Moray,
1996). Our study determined two factors that were significant predictors of consumers’ trust in
autopilots in commercial aviation and UAS’s, general attitudes toward machines and general
attitudes toward technology.

Participants were given a hypothetical scenario about flying on a commercial flight and
responded to trust statements along a 5-point Likert-type scale from Strongly Disagree (-2) to
Strongly Agree (+2) with a zero neutral option. In a second hypothetical situation, participants
were told that they had ordered a package from an online retailer, and that the package would be
delivered via a drone (UAS) operated by an autopilot. The same scale was used to rate
participants’ level of trust in the autopilot. A regression analysis was conducted of the dataset
with respect to participants’ trust in autopilots with twelve different factors being considered.
The resulting model included two significant predictors, general attitudes towards machines, and
general attitudes towards technology. Further research should be done to explore the relationship
between general attitudes towards machines/ general attitudes towards technology and trust in
autopilots.
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APPLICATION OF BIG DATA SYSTEMS TO AVIATION AND AEROSPACE
FIELDS; PERTINENT HUMAN FACTORS CONSIDERATIONS
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Kent State University,
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The aviation and aerospace are typical areas that can apply big data systems due
to their scales. This paper identifies aviation/aerospace areas that can utilize big
data infrastructures to enhance their operational performances, and lightens
human factors considerations related to the use of big data. The NextGen’s
network-centric infrastructure defines sharing a huge amount of aeronautics, flight,
and weather data under the system wide information management program.
Sensors installed on aircraft components extract huge numbers of aircraft health
and operational status data. All professionals who work in the different aviation
sectors require this shared situational awareness information for their own
distinctive purposes, and big data systems will enable the effective use of the
information. The improved prediction model by the big data analytics will
improve aviation safety, reduce flight delays, and save the time and cost for
maintenance. The pilot behavior research can adopt the naturalistic study method
to supplement limitations of simulation test. The naturalistic flying study needs to
consider collecting and analyzing data through big data systems. Human factors
research questions naturally arise as aviation/aerospace fields apply big data
systems pervasively.

Introduction

The aviation field has encountered a drastic growth of air traffic demand and required the
effective management of aviation systems. It is going to be more difficult to ensure the safety for
passenger and cargo. Recently the data acquisition collected from aviation infrastructures
(satellite systems, ground stations, and airport radar systems) and sensors installed on aircraft
became to be shared to most people who work in various aviation fields or customers who use
airports or other aviation services. The volume of data extracted from these systems and sensors
is too big to handle using the traditional computing capabilities with databases. For example, the
average flight data collected during a current flight operation is up to 1000 gigabytes (Wholey,
Deabler, & Whitfield, 2014). This “big data” is considered as one solution to enhance the
aviation safety for the increased traffic volume and produce higher revenues for airlines.

The big data is referred to a huge volume of data that cannot be managed by the
traditional data management paradigm (Schroeck, Shockley, Smart, Romero-Morales, & Tufano,
2012). The structured and unstructured data in non-unified format collected from various
machines and sensors can be stored and utilized to discover new correlations or hidden
information (Schroeck, Shockley, Smart, Romero-Morales, & Tufano, 2012). Many business
sectors are interested in constituting big data infrastructures in their business environments as
decision-making aids (Schroeck, Shockley, Smart, Romero-Morales, & Tufano, 2012). Different
from the traditional data management, the big data systems employ separate application software
components for data collection, data store, data curation, data use, data analytics, data update,
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and data transfer to next levels in an independent operating system. Tremendous efforts are
required to design and test these systematic big data architectures in the ad-hoc manner. The big
data analytics even enable users to utilize the hidden unstructured data that never actively used
for any purpose. Based on the big data’s four properties (volume, variety, velocity, and veracity;
Schroeck, Shockley, Smart, Romero-Morales, & Tufano, 2012), users and operators can discover
patterns, relationships, and insights that had not been easily identified with a limited volume of
data. Developing a big data environment and applying the big data analytics for the aviation field
can provide valuable novel information and insights to pilots, air traffic controllers, dispatchers,
maintenance, and business leaders to improve the safety and operational performance. The
federal aviation administration (FAA), industry, and research organizations became interested in
the big data infrastructures.

This study identified three different aviation areas that need or already developed the big
data systems for their subject matters and examined human factors considerations while dealing
with the big data in each area. Following sections specified histories and plans of the big data
application for (1) aviation infrastructure, (2) aircraft, and (3) operator. To highlight the human
factors professionals’ role in the big data environment, human factors questions for aircraft pilots,
air traffic controllers, aviation dispatchers, and aircraft maintenance staffs were created in each
field.

Aviation Fields Considering Big Data Application

Aviation Infrastructure

Next Generation Air Transportation System defines a concept of network centric
infrastructure. Under the net-centric infrastructure, every aircraft that install automatic dependent
surveillance-broadcast (ADS-B) system have the access to all the aeronautical/flight/weather
data for their precision flight operations (JPDO, 2011).

This information-sharing program has been evolved from Aircraft Situation Display to
Industry (ASDI) to system wide information management (SWIM) program. Feeding the ASDI
data stream including aircraft in-flight location, flight plan, altitude, airspeed, destination,
estimated time of arrival, designated identifier to all airliners and aviation organizations was
initiated by the department of transportation (DOT) in 1990s (Ayhan, Pesce, Comitz, Sweet,
Bliesner, & Gerberick, 2013). Many airline industries subscribed to this program to access the
datasets for their businesses. The performance of this program stayed limited since the aircraft
that want any data only connected to the data source remotely on demand that required complex
procedures (Verma, 2016). The SWIM program is the modernized one that solved the point-to-
point access problem. The SWIM employs a centralized common data platform of national
airspace system (NAS) data that connects all data sources and users easily and rapidly (Verma,
2016). The FAA publishes all data stream in the SWIM so that all users with the FAA
permission can have the access to whatever data they want (Verma, 2016). The data list
expanded to a larger dataset adding airport operational status, weather information, status of
special use airspace, and NAS restrictions. Stored in the cloud, the SWIM data is expected to
increase the common situation awareness among all aviation communities during their
operations since the ASDI was decommissioned at 2016 (Verma, 2016).

The dataset of SWIM is maintained best using the big data system since its volume is
very big and it contains a mixture of structured and unstructured data. Users need to make a
decision on which two heterogeneous data lists will be relevant to extract any valuable
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information. As conducting updated analytics with accumulated data, the insight becomes more
accurate. Applying machine learning, automated flight management systems can recommend
better alternative paths when encountering bad weather ahead of ownship based on the better
prediction as machines themselves accumulate the information of rerouting recommendation for
pilots (Akerkar, 2014). Ayhan, Pesce, Comitz, Sweet, Bliesner, and Gerberick (2013)
demonstrated the actual vs. planned route based on the flight computer’s big data information.
Kasturi, Prasanna, Vinu, and Manivannan (2016) proposed an airline route profitability-
optimization model based on big data analytics. This best recommended rerouting path are
shared with air traffic controllers for shared situation awareness. The big data from the SWIM
infrastructure is shared to everyone who want to know the flight information that affect the
airplane delay or cancellation. Airline passengers and airport limousine services utilize the flight
information using applications on their mobile devices (e.g. FlightAware).

Human Factors Challenges: human factors professionals may have these questions related to the
utilization of big data systems for aviation infrastructure.

- How do we indicate predictive information or insights for any specific flight operation on
the limited cockpit display screen?

- How can a pilot evaluate the information accuracy for their situation awareness? (recent but
old information vs. near real-time information vs. real-time information)

- Which level of SWIM big data analytics information should be allowed to access and
interact with for pilots and for air traffic controllers?

- Will the big data analytics reduce the workload for pilots and air traffic controllers?

- How does cockpit displays visualize multiple variables of information for pilots?

- How does air traffic control displays visualize multiple variables of information?

Aircraft

Recent aircraft install very high number of sensors on engines, avionics, or electrical
components. Airbus A380-1000 model is expected to have 10,000 sensors in each wing; the
number of sensors and the captured data using the sensors will further increase in the future
(Marr, 2015). The purpose of installing these sensors on the aircraft parts is to monitor the
aircraft health and extract status information during specific operational stages (Bellamy, 2014).
This data enables the predictive maintenance — identifying what components are in bad
conditions and repairing the components before they fail. Like the state-of-the-art automobile
technology, aircraft also can monitor the fuel consumption in real-time. Accumulating the fuel
consumption data in different operational stages, the smarter fueling decision can be made
(Wholey, Deabler, & Whitfield, 2014). As well as the smarter operational performance
prediction, this aircraft monitoring strategy may increase reliability and help accident
investigations. Maintenance staffs can integrate the spare part-supply status data into the
monitoring part status data to make a quick maintenance decision (Wholey, Deabler, &
Whitfield, 2014). Identified component vulnerability results analyzed by the sensor data may
also provide insights about the aircraft component design and development (Wholey, Deabler, &
Whitfield, 2014). Since the quantity of updated data is a huge amount, the aircraft sensor data
should be managed in big data systems. Many aerospace manufacturers developed big data
architectures for diagnosis of their products (Chen et al., 2016).
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Human Factors Challenges: human factors professionals can consider following questions
related to the use of big data of aircraft sensors.
- How to design the interface of sensor data for technicians, engineers, and pilots?
- Is it required to integrate the sensor data to the SWIM infrastructure for the comprehensive
management?
- How does a pilot maintain the SA of aircraft health even if the number of sensor increases?
- How to train engineers, safety managers and maintenance specialists to have the knowledge
about big data for aircraft components?
- What are human factors considerations for precision maintenance based on the sensor data?

Operators (Pilots)

Like monitoring aircraft component statuses, operators’ (pilots’) behaviors can be
monitored and the behavioral data can be collected to discover the potential human performance
degrades or errors in specific operational stages. However, the environment of collecting human
behavioral data is different from the aircraft condition data. Unlike the data from thermal,
vibration, or pressure sensors, the sensor types to collect the human behavior are limited; video
or audio sensors can be used, and the history of interaction with computer systems can be
collected. To collect practical human behavioral data, it is important to make human operators
comfortable while they are monitored to avoid the Hawthorne effect (i.e. the behavioral
differences when participants are aware of being observed). Psychology fields defines this study
methodology as the naturalistic study. The naturalistic study has been applied for the surface
transportation. Virginia Tech Transportation Institute (VTTI) exploited “naturalistic driving
study (NDS)” installing video sensors inside the car to monitor safety critical drivers’ behaviors.
The number of sensor-equipped car for the NDS was more than 100, and the period of time for
data collection was several months to a year. The NDS experimenters have maintained separate
storages for the data management and analysis.

The naturalistic study methodology can be applied to the aviation field for “naturalistic
flying study (NFS).” Compared to car drivers, aircraft pilots have more list of safety critical task.
Even the flight data including altitude, attitude, speed, and GPS signal should be recorded in line
with the pilot behaviors. The NFS may have benefits to evaluate the pilot behaviors in the
cockpit with multiple variables that was difficult to test in the simulated environment
(Caponecchia, Wickens, Regan, Steckel, & Fitch, 2014). Researchers recently started the NFS.
The collected data can apply the big data analytics to explore the hidden insights per specific
stage of flight operation and pilot expertise level. To make the genuine big data system for the
NFS, the experimenter should consider incorporate many external factors besides flight data,
because the concept of big data for this matter is not merely an expansion of data volume of
simulated study levels.

Human Factors Challenges: If the NFS passed their preliminary stages, several human factors
research questions assuming more advanced testing environment may arise as follows.

- What is the privacy problem of videotaping pilot behaviors?

- Does the NFS validate the human-in-the-loop simulation test results for similar studies?

- Is it possible to integrate the NFS data into the SWIM infrastructure to create more
comprehensive testing environment?
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- Is it possible to integrate the NFS data into the aircraft sensor data to discover the
relationship between aircraft sensor statuses and human behavior in specific operational
stages?

- Is it possible to constitute real-time pilot behavior monitoring system in bigger aircraft?

- What is the security problem in implementing the NFS?

- Can the implications from the NFS with limited number of aircraft represent the larger pilot
group in the same class?

- What kind of properties has been discovered while conducting the NFS compared with
NDS?

Limitation of Big Data System for Aviation Applications

The FAA is interested in constituting the big data environment in air transportation
system, but it has not been progressed as expected. There are some reasons for this. First, the big
data system inherently demands connection with other dataset that is not directly related to the
given dataset to create the hidden information. However, the investigation on which information
should be discovered by connecting two information groups that are not directly related to each
other, such as aircraft sensor data and meteorological data. Since connecting two datasets is a
difficult task within a system, the obvious benefit by the connection should be found. Industries
and aviation communities are still investigating the benefits and the current integration capability
(Valeika, 2016).

Second, the data scientists often need to manipulate the dataset for analysis. However, the
direct manipulation of scripting in the big data system is very difficult due to its scale (Fisher,
DeL.ine, Czerwinski, & Drucker, 2012).

Third, the visualization techniques of analyzed information with high number of variables
in the big data system needs to be studied. The visualization of huge statistically analyzed results
may not fit in an average size screen and requires complex display techniques to understand
(Fisher, DeLine, Czerwinski, & Drucker, 2012). Gorodov and Gubarev (2013) identified the
problems of visualization in big data applications: visual noise, large image perception,
information loss, higher performance requirements, and high rate of image change. This is also a
human factors problem.

Fourth, large volume of data may not be always good. The provided big dataset should be
evaluated if the dataset represents the larger group in many perspectives.

Fifth, the aviation fields generally require higher security level than other fields.
Therefore, the higher security considerations should be applied when designing and developing a
specific big data system for aviation. This could be a blocking factor to proceed human factors
research activities.

Finally, any aircraft not equipping sensors will not reflect what happens in their
components in the big data. Therefore, it is possible to have an inequality problem for
representation of certain situation excluding the unequipped aircraft group (Wholey, Deabler, &
Whitfield, 2014).

Conclusion

Employing big data systems to manage the data generated from the aviation infrastructure,
aircraft sensors, and naturalistic flying study may provide benefits to discover hidden
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correlations and insights in all aviation sectors. Human factors professionals need to recognize
challenges in these sectors including integrating two different datasets for the sake of users and
comprehensible result visualizations when the big data systems are applied.
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The paper addresses the final results of a brazilian doctoral research developed at civilian Air Navigation environments
(2011-2014), with partial results already presented at past ISAPs (2011-2015). The study adopted a qualitative,
systemic and anticipatory approach to increase metacognition about Team Resource Management (TRIM) Training
abilities, focused to Threat and Error Management (TEM) practice, with the main purpose of reinforcing operational
safety as a whole. It used Multimethodology; aiming at identifying, structuring, analyzing and monitoring problems
upon participants” different perspectives - operators and heads of distinct sectors. Multimethodology embraced four
phases, yearly, covering multiple instruments and Theoretic Base, as Conceptual Map, System Thinking and
Complexity. Some conclusions indicate: (i) organizational trend to reactive and bureaucratic cultures characterized by
difficulties to deal with unexpected situations, not prescribed on standards, and to prioritize solutions to their possible
effects that might be aggravated in the course of time; (ii) improvements of TRM behavior’s abilities -
Communication, Situational Awareness, Stress and Health Management, Team Dynamics and Decision Making,
derived of critical debates and perceptions of restrictive and positive aspects at work, promoted by iterations and
interactions among a diverse scope of complex system’s segments, although this didn 't affect directly the update of
TRM Training contents, from Error Management (EM) to TEM, towards predictive interventions; (iii) global
understanding about a variety of operational realities with common safety purpaoses, helping to manage, without guilt,
conflicts and paradoxes, although this didn’t seem to reach significant projections for future changes. The study
suggests that Multimethodology may be adapted to other applications under validation.

This study was realized at civilian Air Navigation sets of the Airport Infrastructure Brazilian Organization (INFRAERO) and the
partial results presented at past ISAPs can be found on the following articles:

A) “A Preliminary Analysis of Aeronautical Services in Air Navigation Activity” (CABRAL, MENDES et al, 2011) —Thisarticle
described the structure of military and civilian Air Navigation services in Brazil, showing the importance to increment psychologists”
participation in contribution to safety, in reply to Human Factors requirements of International Civil Aviation Organization (ICAO)
standards. It indicated some issues for discussion as demands to be implemented, among cthers: (i) intensification of proactive and
predictive interventions to support aeronautical services in this area; and (i) improvements on TRM upon TEM approach to improve
operators” interdisciplinary performance.

B) “Structuring, Analysing and Monitoring Problems and Decision Making Processes at Civil Air Navigation Sets of a Public Organization™
(CABRAL & ESTELLITA LINS, 2013) — This article described the initial results of the 1%, Phase of Multimethodology applied to one
of the Air Navigation sets (J) studied to stimmulate interactions and iteractions among workers and heads for better dealing with
problems in the following services: (i) Air Traffic Control (Tower); (i) Aeronautical Information System (AIS); (iii)
Telecommunication Operation; and (iv) Meteorology. It emphasized the main purpaose of identifying, structuring, analysing and
monitoring problems at work, upon a collective perspective, derived of complex systems” characteristics and reinforced by the
operational safety and organizational cultures, as well as their negative reflexes, supported by some Theoretic Base, as follows: (i)
Conceptual Map; (ii) System Thinking; (iii) Metagovernance; and (iv) Complexity Paradoxes.

C) “Contribution of Multimethodology to Human Factors in Air Navigation Systems” (CABRAL & ESTELLITALINS, 2015) —This
article described the results” outline of all Air Navigation sets studied, mainly, involving Complexity Paradoxes analysis on
Multimethodology and its different instruments” application, aiming at reiforcing TRM / TEM abilities and better dealing with complex
systems” characteristics.

The present article intends to describe the final results of the same study addressed by the referred articles, taking one of the Air
Navigation sets studied as a practical example of the complete application of Multimethodology (CABRAL & ESTELLITA LINS, 2015
APUD MINGERS, 2006).
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1 Historical Background and Main Characteristics

In Brazil, the Air Space Control Department (DECEA,) is a federal and military institution, subordinated to the Aeronautical
Command (COMAER), which represents the aeronautical authority accountable to prescribe standards and fiscalize their application into
military and civilian Air Navigation organizations, homologated by it to provide services in this area. DECEA standards (CABRAL &
ESTELLITALINS, 2015 APUD BRASIL 2005, 2008b, 2009b, 2012a, 2012b) are, mainly, based on COMAER standards (BRASIL,
1986; CABRAL & ESTELLITA LINS, 2015 APUD BRASIL 2007-2015) and ICAO standards (CABRAL & ESTELLITA LINS,
2015 APUD ICAO, 1998, 2000, 2002, 2003, 2008). Safety Management Manual (SMM) is one of the ICAO standards to be fulfilled by all
countries” members, aiming at increasing, continually, safety all over the world (CABRAL & ESTELLITA LINS, 2015 APUD ICAO,
2013, 2009, 2005a), which led Brazil to establish two standards, as follows: (i) the National Safety Program (Programa Nacional de
Seguranca Operacional - PNSO) to be fulfilled by the brazilian Aviation and Air Navigation aeronautical authorities; and (ii) the Safety
Operational Managing System (Sistema de Gerenciamento da Seguranca Operacional - SGSO) to be fulfilled by the Aviation and Air
Navigation services providers (BRASIL, 2009a, 2009b, 2010).

The present study took place at some Air Navigation environments of INFRAERO, one of the organizations homologated by
DECEA to provide the following services: (i) Air Traffic Control and Management on Tower and Approach (APP); (ii) Aeronautical
Information System (AIS); (iii) Aeronautical Telecommunication Operation; and (iv) Meteorology (CABRAL & ESTELLITALINS,
2015 APUD BRASIL 2010). It was realized in compliance to some ICAO Human Factors standards (CABRAL & ESTELLITA LINS,
2015 APUD ICAO, 1998, 2000, 2002, 2003, 2008), considering its important contribution to monitor aeronautical risks, as well as to
decrease aeronautical incident and accident ocurrences, in reply to SGSO requirements.

Initially, the study contributed to the development of some specific Human Factors standards at INFRAERO to support: (i) TRM
implementation (CABRAL & ESTELLITA LINS, 2015 APUD BRASIL, 2012d), started under appraise with DECEA from TRM
Facilitators Training, homologated by it to enable TRM development by INFRAERO facilitators, as a formal organizational training for Air
Navigation sets, submitted to continuous improvements, although not always observed, which represented one of the study demands; and
(if) psychologists” activities in Air Navigation sets (CABRAL & ESTELLITA LINS, 2015 APUD BRASIL, 2010b, 2012¢), mainly, with
the formalization of the Psychological Monitoring Program to be implemented by them, with the use of tests and interviews, to deal with
Human Factors issues in operational safety practices, which represented an opportunity to proceed the study in parallel, complementing it.

2. Study Structure
2.1 Gaoals and Method

The Method characterizes a situated study, as investigative and interventionist (CABRAL 2015 APUD TRIPP, 2005), as well an
active and ethnographic research (CABRAL 2015 APUD DE MATTOS, 2001), complementing the official Psychological Monitoring
Program (CABRAL 2015 APUD BRASIL, 2010b, 2012b), implemented by psychologists of INFRAERO at six Air Navigation
environments in the following services: (i) Air Traffic Control and Managing on Tower and Approach (APP); (i) Aeronautical Information
System (AIS); (iif) Aeronautical Telecommunication Operation; (iv) Meteorology; and (V) Airport Operation.

Considering there’s a trend to quantitative, reductionist, immediate, reactive and linear Human Factors™ approaches, raising
difficulties to future foresee, which is proper of complex system’s activities, this study used a qualitative, systemic and antecipatory approach
at the Air Navigation sets mentioned with the main purpose of reinforcing TRM abilities to identify, structure, analyze and monitor problems
and decision making processes, upon different perspectives, for better dealing with Human Factors issues in operational safety practices,
characterized by systemic complexity (CABRAL & ESTELLITA LINS, 2015 APUD ICAQ, 2002; HOLLNAGEL, 2007; ESTELLITA
LINS, ANTOUN NETO et al, 2010).

22 Theoretic Base and Methodology

The study chosed the following Theoretic Base to support it: (i) Human Factors Approaches comprising “Z” Theory (CABRAL
& ESTELLITA LINS, 2015 APUD HOLLNAGEL, 2007) and Resilience Engineering (CABRAL & ESTELLITA LINS, 2015 APUD
WOODS & COOK, 2002; WOODS, 2015); (ii) Metagovernance (CABRAL & ESTELLITA LINS, 2015 APUD JESSOP, 2002); (iii)
Cultures embracing Operational Safety and Organizational ones (CABRAL & ESTELLITA LINS, 2015 APUD ICAQ, 2013, 2009,
2005a); (iv) Soft Operational Research (Soft-OR) in Prablems Structuring Methods (PSM) comprising Muitimethodology (CABRAL &
ESTELLITALINS, 2015 APUD MINGERS, 2006) and Conceptual Map (CABRAL & ESTELLITA LINS, 2015 APUD
ESTELLITALINS, ANTOUN NETO et al, 2010); (v) Complexity and Complex Systems covering System Thimking (CABRAL &
ESTELLITALINS, 2015 APUD GHARAJEDAGHI, 2011), Complexity Paradoxes (CABRAL & ESTELLITA LINS, 2015 APUD
ESTELLITALINS, 2011, 2014) and Organizational Metaphors (CABRAL & ESTELLITA LINS, 2015 APUD MORGAN, 1996, 1997,
2007 APUD SOUZA, 2009; KUNSCH, 2003 APUD MONTEIRO; 2011; ESTELLITA LINS, 2014); and (vi) Hierarchical Human
Basic Necessities (CABRAL & ESTELLITA LINS, 2015 APUD COSTA, 1980, NEVES, 2009).
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Multimethodology was the methodology chosed for this study and it was preceeded by a sunvey realized on investigation and
safety visits, during the 1%, semester of 2011, to find possible demands that could justify its continuity. Multimethodology embraced a wide
scope of instruments: (i) Group Dynamics, Video Summary and Speeches, emphasizing variability and emergency to achieve Problem’s
Consciousness Goal; (i) Group Exercises (Brainstorm Register, Symbol and Simulation Register, Debate and Oral Presentation),
emphasizing interactions and perceptions to achieve Problems” Representation; and (iii) Conceptual Map, Report and Debriefing,
emphasizing new paradigms and paradoxes to achieve Problems” Formalization. These instruments were applied yearly (from the 2.
semester to 2011 to 2014), consisting of four phases, as continuous “interative loops” to promote successive interactions among the
participants and to achive the goals mentioned of Problems” Consciousness, Representation and Formalization. Multimethodology was
substantiated by the Theoretic Base mentioned, as showed in Figure 1, which will be commented later on the final results.

RELATION OF THEORETIC BASE TO MULTIMETODOLOGY, ITS
INSTRUMENTS AND GOALS
Goal 1: Problems’

Goal 2: Problems” Representation
) . Emphasizing Interactions / Goal 3: Problems”
Consallannizss Enpliesmly Perceptions - Group Exercises S Formalization Emphasizing
Variability / Emergency (Brainstorm Register, Symbol and New Paradigms / Paradoxes -
and Speeches

Simulation Register; Debate; and Report; Debriefing; and
Organizational Metaphors (MORGAN, 1996, 1997 e

Oral Presentation) Conceptual Map
2007 APUD SOUZA, 2009; KUNSCH, 2003 APUD
MONTEIRO, 2011; ESTELLITA LINS, 2014
s, Phase / 1. Semester 2nd. Phase / 2012
of 2011 - Problems* First Problems’ (
Consciousness,
Representation and

Complexity
Paradoxes
(ESTELLITALINS,
2011; ESTELLITA
LINS, 2014)

Hierarchical Basic
Necessities (COSTA,
1980; NEVES, 2009)

Consciousness,
Representation and
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(HOLLNAGEL, 2007)

ontinuous “Iterative
Loops” and
Successive

Conceptual Map
(ESTELLITALINS,
2010)

Metagovernance

31, Phase
(JESSOP, 2002)

2013 - Second
Problems”
Consciousness,

Resilience Engineering
(WOODS & COOK, 2002;
WOODS, 2011)
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System Thinking
(GHARAJEDAGHI, F
2011)
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(MINGERS, 2006)

“Figure” 1. Relation of Theoretic Base to Multimethodology’s instruments and goals.

Each phase of Multimethodology ended up with Conceptual Map, either as a conceptual base and as an instrument, to “achieve
the goal” of Problems” Formalization (CABRAL & ESTELLITA LINS, 2015 APUD ESTELLITA LINS, ANTOUN NETO et al, 2010).
Debriefing was applied only on the 1%, Phase because of time limitations to join managers.

Table 1 indicates: (i) the six Air Navigation sets submitted to the study, referred by their first names” letter; and (i) the participation
rates on each set, from 2011 to 2014. One of the points to emphasize is that there were no negative impact derived of low participation rates.
This article will comment the final results of one of these sets (G), which had the following participation rates: (i) 89,74% (1%, semester of
2012); (ii) 74,30% (2. semester of 2011); (iii) 16,66% (2012); (iv) 47,15% (2013); (vi) 44,11% (2014); and (vii) 51,28% (total).

Table 1.
Global Rates of Participants (CABRAL & ESTELLITA LINS, 2015 APUD MINGERS, 2006)
WHERE | 2011/1% Semester | 2011/2™ Semester 2012 2013 2014 TOTAL
LS ©) 89,74% (70 participants | 74,39% (61 participants | 16,66% (13 participants | 47,14% (33 participants | 44,11% (30 participants | 55,05% (207 participants
from the total of 78) from the total of 82) from the total of 78) from the total of 70) from the total of 68) from the total of 376)
™ 69,47% (66 participants | 53,60% (52 participants | 30,52% (29 participants | 31,81% (35 participants | 35,29% (36 participants | 43,68% (218 participants
from the total of 95) from the total of 97) from the total of 95) from the total of 110) from the total of 102) from the total of 499)
© 91,66% (11 participants | 75% (9 participants from| 100% (12 participants 77% (10 participants | 84,61% (11 participants | 86,48% (53 participants
from the total of 12) the total of 12) from the total of 12) from the total of 13) from the total of 13) from the total of 62)
) 100% (7 participants | 85,71% (6 participants |75% (6 participants from| 33% (3 participants from| 100% (8 participants | 76,92% (30 participants
from the total of 7) from the total of 7) the total of 8) the total of 9) from the total of 8) from the total of 39)
o) 60% (34 participants | 52,54% (31 participants | 33,33% (21 participants | 34,37% (22 participants | 48,39% (30 participants |45,24% (138 participants
from the total of 57) from the total of 59) from the total of 63) from the total of 64) from the total of 62) from the total of 305)
0 79,54% (35 participants | 62,5% (30 participants | 42,55% (20 participants | 41,66% (20 participants | 55,55% (25 participants |54,62% (130 participants
from the total of 44) from the total of 48) from the total of 47) from the total of 48) from the total of 45) from the total of 232)
TOTAL 76,10% (223 participants]61,96% (189 participants |33,33% (101 participants| 39,17% (123 participants |46,97% (140 participants|51,28% (776 participants
from the total of 293) from the total of 305) from the total of 303) from the total of 314) from the total of 298) | from the total of 1513)
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Table 2 shows this study participation at (G), yearly, during four periods, constituted by different phases, characterized by
continuous “iterative loops” and successive interactions. It doesn't indicate the study participation on the 1%, semester of 2011, already
mentioned in Table 1, because this doesn’t consist of a Multimethodology phase or “iterative loop”, but a period of previous survey to detect
demands that would justify its implementation, from the 2. semester of 2011 to 2014. A point to emphasize in Table 2 is that Debriefing to
managers about the problems detected on the 2™, semester of 2011 was only realized on the 1, Phase because of difficulties in time to join
them, considering operational priorities. Table 2 also indicates that the study’s participants at (G) embraced the following operational
functions: (i) Aeronautical Information Service’s Techinicians (AlS); (i) Aeronautical Telecommunication Service's Tecnicians (OEA); (iii)
Meteorology Techinicians (PMET); (iv) Meteorology Professionals; (v) Air Navigation Specialists (ENA); Airport Operation Technicians
(PSA); and leaderships (managers, coordinators and supervisors) (CABRAL & ESTELLITA LINS, 2015 APUD BRASIL, 2010a,
2010b). Apartto this, it's necessary to explain that there were no participation of Air Traffic Controllers (PTA) of INFRAERO at (G), once
this service over there is provided by military technicians of DECEA.

Table 2.
(G) Multimethodology Phases” Participation (CABRAL & ESTELLITA LINS, 2015 APUD MINGERS, 2006)

(G): "Iterative Loops™” Participation in all Phases / 20.11 to 2014 of Multl_methodology - Problems” Conscienciousness, LEGEND: * No Debriefing
Representation and Formalization
DEBRIEFINGS PARTICIPATION GLOBAL PARTICIPATION AIS - Aeronautical Information Service’s Professionals
PERIODS TO Mana- % Parti TOTAL . L -
MANAGERS AIS | OEA | PTA [PMET| MEG | ENA | PSA ger Presence cipation Absence ENA - Air Navigation Specialists

TSR, € & 15.01.12 7 5 0 20 12 16 1 61 74,40% 21 82 | IMEG - Meteorological Professionals
and 23.12.11
07 to 21.12.12 * 4 2 0 2 1 0 4 0 13 16,66% 65 78 OEA - Aeronautical Telecommunication Service’s Professionals|
03 to 21.06.13 * 7 0 0 11 5 0 8 2 33 47,14% 37 70 PMET - Meteorological Technicians

250310 * 7 1 0 9 3 1 6 3 30 44,11% 38 68 PSA - Safety Airport Professionals

07.04.14

Total 25 8 0 42 21 1 34 6 137 | 45,98% 161 298 | [PTA - Air Traffic Controllers (Tower)
3 Final Results

The quantitative analysis of the study was realized after each Multimethodology’s Phase and is related to the Opinion Survey
Questionnaire’s answers, which results pointed out to a prevalence of “satisfatory”” compared to “over expected”, “regular”, “insufficient”
and “not necessary” answers. Furthermore, the qualititive analysis was realized by integrating the results of all Multimethodology's Phases
and was divided into: (i) Opinion Survey Questionnaire related to the suggestions” answers; (i) Compatible Analysis related to the problems
and situations detected; (i) Theoretic Base Contribution related to the analysis of each concept’s effectiveness on supporting the goals of
Problem’s Consciousness, Representation and Formalization “to be achieved” or presenting “difficulties to be achieved” or even “not
achieved”; (iv) Global Demands related to the analysis of the problems plotted compared to the demands introduced by the previous suney
(1% semester of 2011), which justified the study, confirming them or not and verifying if there were any improvements; and (v) Other
Considerations aside these analysis described. The final results of the qualitative analysis are extense and will not be described completely in
this article, which is restricted to some points considered relevant.

Firstly, in the Opinion Survey Questionnaire, some relevant points to be emphasized as final results are: (i) importance of different
functions and sectors” participation, mainly during the 1%, Phase, when the heads” participation showed to be decisive; (ii) demand for videos
of real work situations (CABRAL & ESTELLITA LINS, 2015 APUD VIDAL & MASCULO, 2011) ; (iii) more time for problems”
debate and consciousness about work routines; and (iv) improvements in communication and interaction between workers and heads, as
well as in integration among all systemic segments and levels as a whole, involving either human and organizational issues.

According to Table 3, Compatible Analysis classifications are, as follows: (i) Material and Organizational Problems involving
external decisions, not depending on (G) iniciative, but with negative impacts on its operation; (ii) Human Group Problems involving
internal conflicts and relationships as negative barriers to work contexts; (iii) Operational Problems inherent to service and related to
standards as restrictions to operation; (iv) General Problems involving global aspects with indirectly reflexes to harm work routines; and (v)
Pasitive Aspects, which, fortunately, were raised. Also, each of these classifications adopted different colours to distinguish the problems
and situations plotted, as follows: (i) black to initial ones; (i) blue to “new”” ones; (iii) wine to “reincident” ones; and (iv) brown to the ones
“on approval”’, which needed to be confirmed. Some main points to be emphasized are, among others: (i) although the high quantity of
reincident problems, there were more Pasitive Aspects compared to all classifications of problems; (i) there were more Material and
Organizational Problems than ather ones, with higher reincidence compared to them, probably because they refers to subjects which
decisions depend on higher organizational levels outside (G); (iii) mostly Human Problems are affeccted by communication’s limitations,
relationships” conflicts and a trend to find guilties; (iv) Operational Problems, in majority, need continuous standards” adaptation and up-date
focused on daily activities” practice, prone to constant variability (intermal and external), derived of complexity characteristics, proper of
complex systems. Table 3 demonstrates, not all, but some examples derived of Compatible Analysis, based on the classifications described.
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Table 3.

Study Compatible Analysis Examples
SOME EXAMPLES OF COMPATIBLE ANALYSIS" RESULTS
Initial New Reincident On Approval
Airport privatization with posterior consolidation [Slowness on material reposition
Material a"dl Substitution of INFRAERO Air Traffic
Organizational i ini ) Management System (SGTAI) by
Problems insufficient raining Change of work shift for worst Aircraft Services Messages Handling
(TOTAL = 15) System (AMHS)
Failures on internet
Different procedures for workers” rest Centralization of informal routines on the same .
Human/ . . Trend to work in homogeneous teams
Group payment Expectations about Meteorological |Workers
Problems Information Translator System Indication of higher valuation of
(TOTAL = 13) Trend to find guilties (STIM) implementation Problems on workers” vacations planning Meteorological activity compared to
others
Operational ) Burocratic routines at Over-use of taped phone at AIS Room deviating | peficiency on addressing messages
Problems Low frequency of Operational Meteorological Sector involvin line to Meteorological Sector because of the high
Meetings of S 9 quantity of Flight Plans related to the number of ~|Permanence at workplace during rest
(TOTAL =8) Meteorological Briefing .
workers time
S . Unbalanced of Physiological Necessity related to
Individualism, isolation .
sleep because of worker shift change
Dispersion, lack of interest, . .
A : : Emphasis on Isolated Parts, Information
General | desmotivation Emphasis on Selfdeception and Alert to SGTAI not to accumulate
Problems Subject Indivisibility Compelxity
_ Trend to follow standards and - L . message
(TOTAL=12) | ;. 0. . ) I Paradoxes Localization and Preservation involving
difficulties on improvisation in 3
Lo Complexity Paradoxes
unexpected situations
Do strictly what's necessary Mechanicist and Domination Metaphors
K_nowledge ant_i coope‘ratlon evlymon_g . Improvements on problems” feedback
different functions to “armor” against [Meeting-room .
and planning
error
. e . Planning of work shift by each
Positive Criation of new services procedures o .
Aspects sector Improvements on communication and cooperation
i i among different sectors
(TOTAL = 23) |Change of meteorological teams Learning and Art of Analysis 9 -
Metaphor Improvements on training
Separate rest-rooms for men and
Common lunch-room and coffee place [women
More space of work rooms

About Theoretic Base Contribution, there are some points to be emphasized, among others: (i) all goals of Problems”
Consciousness, Representation and Formalization were achieved related to Conceptual Map (CABRAL & ESTELLITA LINS, 2015
APUD ESTELLITA LINS, ANTOUN NETTO et al, 2010), which represented, at the same time, a conceptual base and a
Multimethiodology instrument (CABRAL & ESTELLITA LINS, 2015 APUD MINGERS, 2006), used in all its Phases and functioning
asachain of connection among the others, as well asto System Thinking (CABRAL & ESTELLITA LINS, 2015 APUD
GHARAJEDAGHI, 2011), once all instruments used promoted it, representing the main theoretic framework of this study; (i) non of these
goals related to Organizational Metaphors (CABRAL & ESTELLITA LINS, 2015 APUD MORGAN, 1996, 1997, 2007 APUD
SOUZA, 2009; KUNSCH, 2003 APUD MONTEIRO; 2011; ESTELLITA LINS, 2014) were achieved, considering these weren't used
during the study phases, but only on its analysis, but, nevertheless, brought significant questions; (jii) the goal of Problems” Formalization
indicated “difficulties to be achieved” in the majority of conceptual base compared to the goals of Prablems” Consciousness and
Representation, which includes Multimethodology itself, Cultures, Metagovernance and “Z” Theory, mainly, because of the negative
impacts derived of reactive and bureaucratic cultures represented by Mechanicist Metaphor and hierarchical governance, disabling to make
collective and antecipatory changes with future prospectives; and (iv) the majority of goals of Problems” Consciousness and Representation
were achieved, reinforcing the Theoretic Base Contribution to this study implementation, for instance, the ones related to Complex
Paradoxes (CABRAL & ESTELLITA LINS, 2015 APUD ESTELLITA LINS, 2011, 2014), which, on the other hand, had difficulties to
achieve the goal of Problem’s Formalization, for the trend to Localized Information, Preservation of Processes, Subject Indivisibility,
Selfdeception and Unification (CABRAL & ESTELLITA LINS, 2015 APUD ESTELLITALINS, 2011, 2014).

The majority of the Global Demands raised on previous survey (1%, semester of 2011) derived of the investigation visits weren't
contemplated, once the study focus was safety, except the one related to TRM, which indicated the need for some important improvements,
such as: (i) participation of all segments, including heads; (ii) use of Multimethodology to reinforce it, as an organizational diagnosis to
adequate its contents and framework; (iii) inclusion of improvisation and criativiy abilities to deal with internal and external variabilities, once
the other abilities were improved with the study; (v) inclusion of TRM on formation courses, based on TEM model, once EM isstill
adopted. On the other hand, the study confirmed many demands derived of safety visits, some mentioned at the Compatible Analysis, which
weren't removed completely and, although there’s concerning about them, the improvements were temporary and limitaded to intermal
solutions, which were considered insufficient to safeguard their reocurrencies.
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Finally, about General Considerations, there are some relevant points, as: (i) dual negative and pasitive meaning for some terms,
as “adversities”, “standard” and “technology’; (i) application of Multimethodology in parallel to the Psychological Monitoring Program,
limiting time for both; (i) except on the 2. Phase, which didn’t have heads participation, but without significant damage on its results, there
was a gradual increase either on their participation and their convergence to workers; (iv) Airport Operation Services workers represented
the connection among cthers, indicating Leaming and Art of Analysis Metaphor; (v) no Air Traffic Control and Management Service's
participation didn’t reduce the importance of the other services studied upon the whole system appreciation; and (vi) non-existence of civilian
national standards for Air Navigation workers to support the problems plotted.

4, Conclusion

This study was realized into six Air Navigation sets and this article presented the final results of one set (G) studied. It chosed
Multimethodology as the methodology to implement, based on a qualitative, systemic and antecipatory approach, which was applied after
raising some demands derived of investigation and safety visits (1%, semester of 2011). Multimethodology consisted of four anually phases
(from 2. semester of 2011 to 2014) and used different instruments to achieve the goals of Problems, Consciousness, Representation and
Formalization. The final results embraced a quantitative analysis, indicating a prevalence of “satisfatory”” answers, aa well as a qualitative
analysis, both derived of the Opinion Survey Questionnaire. The qualitative analysis also comprised: (i) Compatible Analysis; (ii)
Theoretic Base Contribution; (iii) Global Demands; and (iv) General Considerations. All goals of Conceptual Map and System Thinking
were achieved, considering the Conceptual Map as the chain of connection among all other instruments, as well as System Thinking as the
main theoretic framework of the study. These results indicated some limitations and benefits, such as: (i) promation of interactions among
the participants (workers and heads), as its main benefit, learning to develop criativity in face to work problems and positive situations,
considering complex characteristics upon a systemic perspective, in complementation and reiforcement to TRM, as well as giving some
suggestions to improve it; and (ii) reactive and bureaucratic cultures, as its main limitation, representing a negative barrier to collective and
antecipatory agreements related to the problems plotted and future projections for their necessary changes, which indicates researches as
positive to enable interactions” intensification beyond internal contexts to outsider segments, sectors and organizations.
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This symposium provides an overview of a research effort that integrated several
autonomy advancements into a control station prototype to flexibly team a single human
operator with heterogeneous unmanned vehicles. The autonomy related technologies
optimize asset allocation, plan vehicle routes, recommend courses of action and provide a
distributed support architecture featuring an extensible software framework. This effort
also integrated these technologies with novel human-autonomy interfaces that allow
operators to effectively manage UxV via high level “play” commands. Evaluation results
indicate that the innovative approach supports operator-autonomy teaming for effective
management of a dozen simulated vehicles performing base defense tasks.

Agility in tactical decision-making and mission management is a key attribute for enabling teams
of heterogeneous unmanned vehicles (UxV) to successfully manage the “fog of war” with its inherently
complex, ambiguous, and time-challenging conditions. This agility requires effective operator-autonomy
teaming including the achievement of trusted, bi-directional collaboration and the flexible, high-level
tasking required for team task sharing and decision superiority. A tri-service team has conducted research
focused on instantiating an “Intelligent Multi-UxV Planner with Adaptive Collaborative/Control
Technologies” (IMPACT) by combining flexible play calling for task delegation, bi-directional human-
autonomy interaction, cooperative control algorithms, intelligent agent reasoning and autonomic
technologies to enable command and control of cooperative multi-UxV missions (Figure 1). A command
and control operator in IMPACT could task a total of 12 UxV (4 air, 4 ground, and 4 sea surface vehicles)
in response to several unexpected events that arose during a base perimeter defense mission. This
symposium will provide an overview of four key aspects of IMPACT that AFRL led: operator-autonomy
interfaces, intelligent agent architecture, testbed framework and distributed architecture, and human-in-
the-loop prototype evaluation.
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IMPACT: Interfaces for Operator-Autonomy Teaming
Gloria Calhoun, Heath Ruff, and Elizabeth Frost

IMPACT’s displays and controls (Figure 2) feature video game inspired pictorial icons that present
information in a concise, integrated manner to facilitate retrieval of the states/goals/progress for multiple
systems and support direct perception and manipulation principles. Multi-modal controls (speech, touch,
and mouse) augment a “playbook” delegation architecture and enable seamless transition between control
states (from manual to fully autonomous). With this adaptable automation scheme, the operator retains
authority and decision-making responsibilities that helps avoid “automation surprises” (Calhoun, Ruff,
Behymer, & Frost, in press). By supporting a range of interactions, flexible operator-autonomy teamwork
enables agility while responding to a dynamic mission environment. At one extreme, the operator can

Figure 2. IMPACT Operator-Autonomy Play-based Teaming Interfaces.

manually control UxV movement or build plays from the ground up, specifying detailed parameters. At
the other extreme, the operator can quickly task one or more UxV by only specifying play type and
location with an intelligent agent determining all other parameters. For example, when an IMPACT
operator calls a play to achieve air surveillance on a building, the intelligent agent recommends a UxV to
use (based on estimated time enroute, fuel use, environmental conditions, etc.), a cooperative control
algorithm provides the shortest route to get to the building (taking into account no-fly zones, etc.), and an
autonomics framework monitors the play’s ongoing status (e.g., alerting if the UxV won’t arrive at the
building on time). IMPACT’s play calling interfaces also facilitate operator-agent communication on
mission details key to optimize play parameters (e.g., target size and current visibility) as well as
supporting operator/autonomy shared awareness (e.g., illustrated by a display showing the tradeoffs of
multiple agent-generated courses of actions (COAS) across mission parameters). Play progress is depicted
in a matrix display reflecting autonomics monitoring and a tabular interface aids play management (e.g.,
allocation of assets across plays). Additional detail on all the play-related interfaces is available (Calhoun,
Ruff, Behymer, & Mersch, 2017).
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IMPACT: Intelligent Agent Framework for Course of Action Generation
Dakota Evans, Michael Hansen, and Scott Douglass

An intelligent agent was developed using the Cognitively Enhanced Complex Event Processing
(CECEP) framework, a complex event processing framework with extended procedural and domain
knowledge aspects. Agents that use procedural knowledge were developed using a discrete finite state
machine (FSM) representation called behavior models that include states and transitions between states
that are guarded by patterns. A pattern language called Esper matches complex patterns for behavior
model state transitions. The developed IMPACT agent has a set of patterns related to operator interactions
for play calling. Behavior models can also produce behaviors (e.g., feedback for the operator or UxV play
assignment). Agents that use domain knowledge were developed using cognitive domain ontologies
(CDOs). A CDO is arooted tree structure with features that are connected via relations. CDOs can be
processed using the artificial intelligence process of constraint satisfaction to produce configurations,
possible worlds, or courses of action (COASs). In IMPACT, CDOs were developed to capture the domain
for UxV play calling and produce COAs for play to vehicle(s) assignment.

The IMPACT agent serves as a decision aid to a multi-UxV operator. The agent is integrated with
a UxV route planner (UxAS), Fusion framework, plan monitoring service (Rainbow), and UxV simulator
(AMASE). The operator’s play calls are used as a starting point for generating COAs, with the play type
(e.g., air point inspect), presets (e.g., cloudy, windy), and optimization criteria (e.g., time, fuel) forming
the basis of domain knowledge used to constrain and rank possible COAs. Figure 3 describes IMPACT’s
play calling process.

1 Operator edits,
operator [ (1) o
(Operator Station) cancels play
Operator
selects a ;
specific COA Vehicle o Rainbow
states monitors plan

progress and

triggers re-
planning
Vehicle \)ef;‘
states >
&
@ Agent
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task timing (Agent)
it : (Route Planner)
Timing requests
Agent & vehicle taskings
produces UxAS
ranked COAs produces task
ETAs & ETEs
Agent - . ) _
translates COA Timing estimates UxAS programs vehicle
to vehicle autopilots and actively
tasking(s) steers sensors
Agent reports UxAS reports
play status & task completion
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Figure 3. Play Calling Process in IMPACT.
(See list below for further information on each numbered item in the figure).
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1. Anplay call commonly originates from the operator. However, the agent is capable of monitoring the
vehicle locations and recommending opportunistic or serendipitous plays, such as inspecting the fuel
dump by a vehicle already in the area.

2. The agent transforms play calls into lower level tasks for the UXAS route planner and requests task
assignment utility from it (knowledge about task timings, fuel usage, and communications issues
from the route planner).

3. The agent asserts the acquired knowledge to the play calling CDO domain representation.

4. The agent applies all constraints corresponding to the operator provided play details. The CDO is
processed to produce all constraint compliant COAs. The agent uses an objective function to rank
COA:s and identify the Pareto optimal COA in a list and on a map presented to the operator (Hansen,
Calhoun, Douglass, & Evans, 2016). A visual is also produced that allows the operator to compare
COA s by solution utility. If no constraint compliant solutions exist the agent informs the operator.

5. The agent waits for operator acceptance, edit, or cancelation of a COA. Upon acceptance; the agent
produces the vehicle action command to the UXAS to execute the COA.

6. The UXAS programs vehicle autopilots and actively steers sensors and sends other behaviors to the
simulator.

7. The plan monitoring service monitors the active play and displays feedback to the operator if a
constraint is violated (e.g., a UxV enters a restricted operating zone).

8. The agent waits for a task complete message from the UxAS.

9. The agent reports plan status to the operator to improve operator situation awareness.

10. The agent waits for operator to edit, suspend, or cancel the active play.

IMPACT: Fusion and the Distributed Architecture and Services
Sarah Spriggs, George Bearden, and Michael Howard

Fusion (Rowe, Spriggs, & Hooper, 2015) is a software framework that enables natural human
interaction with flexible and adaptable automation. This is enabled by employing a distributed service
oriented architecture that is composed of multiple disparate systems, unified representationally through
negotiated communications protocols and physically through a common communications hub. The
decentralization of the architecture enables logging, monitoring, and substitution of components with
minimal effect on other components. Thus, several different systems can indirectly interact with one
another through a publish/subscribe hub to provide a greater service to the user. All connected pieces
communicate through a common messaging protocol to send and receive information. As a result, every
component that connects to the hub has awareness of real time scenario and operator activity. Connected
services developed for IMPACT include intelligent agent reasoning among disparate domain knowledge
sources, autonomics monitoring services, intelligent aids to the operator, cooperative planners, and
advanced simulation via instrumented, goal oriented operator interfaces. The distributed architecture
along with an extensible software framework enables the system to be easily expanded for other human-
automation research. For instance, modification of IMPACT is underway to support multiple stations
whose operators share assets and potentially offload or gain tasks based on workload.

The Fusion architecture, as shown in Figure 4, includes the core (customizable) aspects that are
common across applications as well as the features that support the IMPACT project. The Fusion test bed
also displays the scenario environment, presents mission events that prompt UxV management tasks,
provides a workspace for the operator to team with the autonomy in task completion, and records task
performance measures. Other IMPACT specific components provide interfaces for calling and modifying
plays, viewing agent generated candidate COAs, and presenting the results of an autonomics service
monitoring play progress.

229



json

json json Imcp

Imcp
json json ‘

Imep jsur json Imep Ison
1 } !
; ) ; i Dialog
Task Fusion Fusion Fusion Screen | Ison i
Manager | | TOC SA [ Esg Recorder | ™cp|DIalog e—xmpp—s) - Chat
Server
r 3 i |s0n
xn‘Tpp T I T I jST:II"I meD—T ,,Jpp
j3on xmpp||son xmpp Amp,
| [ i p P 4 I |
= | | | -
Chat 4 Fusion C2 - Sphinx
Server |
json
GIS gdal gdal gdal gdal
fon 40 ™ Radio N
fimpeqg fimpeg impey
1 | 1
( SubrScene e AMASE (Also multicasts DIS) |
ais dis
[ OneSAF Multicast DIS ]

Figure 4. lllustration of Fusion and the Distributed Architecture and Services.

IMPACT: Operator-in-the-Loop Evaluation of Operator-Autonomy Teamwork
Kyle Behymer, Michael Patzek, and Allen Rowe

A high-fidelity human-in-the-loop simulation was used to compare the IMPACT prototype to a
baseline system that represented the current state-of-the-art at the beginning of the effort. The baseline
system included a subset of IMPACT’s capabilities including the route planner and an associated
interface. However, the baseline system lacked agent vehicle recommendation support, plan monitoring,
and speech control. The experimental design was a 2 (Baseline, IMPACT) x 2 (low, high mission
complexity) within-participant design with the order of conditions blocked by system (half of the
participants used IMPACT first, the other half baseline) and counterbalanced across task complexity.
Mission complexity was manipulated by varying the number and timing of tasks. Each of the eight
participants familiar with base defense and/or unmanned vehicle operations performed four 60-minute
base defense missions. Participants completed a variety of defense mission related tasks involving twelve
simulated UxV. Participants’ task performance was better on multiple mission performance metrics with
the IMPACT system in comparison to the baseline system. Participants were also able to execute plays
using significantly fewer mouse clicks with IMPACT as compared to baseline. The overall usability of
each system was assessed using the System Usability Scale (SUS; Brooke, 1996). Participants rated
IMPACT higher than baseline on all ten SUS items, and IMPACT’s overall SUS score was significantly
higher than baseline’s overall SUS score. Participants also subjectively rated IMPACT significantly better
than baseline in terms of its perceived value to future UxV operations as well as its ability to aid
workload. In fact, every participant gave IMPACT the highest possible score for potential value, and all
but one participant gave IMPACT the highest possible score for its ability to aid workload.
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Way Ahead

The IMPACT project and its resulting control station prototype have enabled a deeper exploration
into the critical issues that influence flexible and effective human-autonomy collaboration. Although the
IMPACT evaluation demonstrated value in several aspects related to operator-autonomy teaming, several
deficiencies were also identified and improvements are underway. These include novel methods enabling
bi-directional communication and management of temporal constraints, more naturalistic dialogue and
sketch interactions, and consideration of information uncertainty in decision-making tasks. Additionally,
research is investigating the effects of increased decentralized replanning capability, real-time operator
functional state assessment, and alternative team structures on overall human-autonomy teaming. The
results will provide a much richer understanding of this area.
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A DYNAMIC SYSTEM SIMULATION DEVICE TO DEFINE HUMAN-SYSTEM
INTERFACE REQUIREMENTS FOR THE DASSAULT RAFALE

Daniel Hauret
Air Warfare Centre of the French Air Force
Mont-de-Marsan, FRANCE
Julien Donnot
Air Warfare Centre of the French Air Force
Mont-de-Marsan, FRANCE

Our study aimed to collect enhancement proposals of Rafale fighter aircraft
human-system interface. Proposals had to be innovative and complied with the
needs of information for pilots regarding Rafale future capabilities. We developed
a methodology based on a device enabling the simulation of a dynamic system
activity that is the Rafale integrated in its war environment. Creativity of front line
pilots participating in this experimentation has been stimulated but constraint by
the necessity of a useful production due to the risks associated to the modification
of a fighter aircraft already operating since 2006. Each proposal has been analyzed
and synthetized through the abstraction hierarchy model of Rasmussen (1986).
Results showed that for prospective and retrospective fields, a specific tactical
support built with models favored the expression of functional objective and that a
board as a basic human-system interface favored the expression of physical
functions. In the discussion, we supported the relevance of our methodology for
the definition of human-system interface requirements in various dynamic
systems.

Our study is part of an ergonomic intervention led for the French Navy and the French
Air Force. We were tasked to define human system interface (HSI) specifications focused on the
weapon delivery arena needed for the development of the future Dassault Rafale NG. In the field
of HSI conception, we had to face a technological drift due to the multiple opportunities brought
by the glasscockpit technology. We observed the well-known trend to orient conception of new
HSI according to the offered technical capabilities more than by the user’s needs. By example,
more and more tactical screens are spreading up in cockpits whereas one of the essential needs
for a fighter pilot is to keep his hands on the throttle and sticks (HOTAS). In the conception
process, thinking might not be guided by the identification of the possible uses with a new
technology which lead designers to provide the maximum of available information and create
clutter, but by the search of the best technology responding to the user’s operational need, in the
field of action. The fact is that the observation of the fighter pilot activity is almost impossible
because of the isolated location of the pilot in a supersonic single seat aircraft and the dynamic
feature of a high-level risk environment.

Our approach aimed to place user’s information needs as the ultimate objective of the
ergonomic intervention (Hauret, Donnot & Van Belleghem, 2016). We decided to build a
simulation device (Maline, 1994) with two objectives and one main constraint. Our device
should permit to collect and/or create proposals in order to (1) simplify the current Rafale HSI,
which takes place in the retrospective field of activity and in order to (2) integrate the new long-
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range air/air missile (i.e., METEOR), which is related to prospective field. We analyzed
innovative proposals regarding the abstraction hierarchy (Rasmussen, 1986). We expected a
higher level of abstraction in the prospective field because HSI designers need flexibility to
develop technological solutions and a lower level of abstraction in the retrospective field when
HSI designers intent to correct the current functions. The main constraint is to find a way to
produce only useful proposals (Loup-Escande, Burkhardt & Richir, 2013) that are proposals
matching a proved need.

Our approach consist in simulate the Rafale pilot activity to provoke the expression of
needs to act. Thus, beyond the necessity of tangible supports (Barcellini, Van Belleghem &
Daniellou, 2013) the request of fighter pilot as participants was unavoidable. However, fighter
pilots are not HSI designers and need to be guided to produce proposals directly transposable in
specifications.

Activity simulation on tangible support

The paradox of ergonomics in conception is to create before to use a product. How can
we create a product if we do not know how we will use it and how will we use a product if we do
not know what we can do with it ? (Theureau & Pinsky, 1984). We choose to simulate activity
with tangible support based on models to avoid participants to call on prescribed uses. The
tangible supports we created allow participants to be both actor and analyst. At each step of the
simulation, the participant can either take on an allocentric view (in the mission environment) or
an egocentric view (in the cockpit).

Building of the dynamic system simulation device

Preliminary analysis of fighter pilot activity

The prerequisite of the simulation of fighter pilots’ activity is to collect sufficient data to
know and understand tasks and skills of a Rafale pilot. During a week, we gathered knowledge
by taking part in flight training briefing and debriefing in a Rafale squadron. By working with
fighter pilots we understood that being creative is one of their core cognitive skills. This ability
was a key feature for the success of our methodology.

Construction of Tactical support and HSI support

To reproduce a faithful environment of a Rafale mission we needed two main supports.
Obviously a whiteboard (blank at start) was intended to reorganize the cockpit HSI but was not
appropriated for simulating actions of the aircraft in a tactical environment. That is the reason
why we built Rafale models destined to maneuver on a tactical map. These models lamp
equipped and free to vary in altitude projected circles of light representative for each weapon
domains. Our simulation device was composed by the combination of both supports for which
one of the major points is to offer the opportunity of a static (step by step) simulation of a high
risk dynamic system.

Simulation was guided by a three-part question. First, and at each step of the scenario, the
pilot was asked to express his intent that is the aircraft status he wished to reach. Then, he
described actions associated to this objective. Finally he listed required information by giving
details about location, form and access of each mission and flight data.

Participants
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Six French Air Force pilots and two French Navy pilots took part to the study. They got
at least the pair leader qualification and claimed either an only Rafale flight experience or
another combat aircraft proficiency.

Scenarios

Scenarios were created to be as closed as possible to real pilot activity and to integrate all
the events related to the use of the new long-range missile. During an all-day session, first
scenarios dedicated to handling and navigation were simple and became harder along the session
with weapon management. Thus, the pilot progressively reconstructed his HSI and could focus
on complex issues once the base of the HSI was redefined.

Procedure

The experimental setup was presented to the pilot. He was asked to realize specific
mission just as he was in his real cockpit, which means we expected him to apply the same uses
as he does in flight. Then, the mission was briefed by himself as a real mission. It was the time to
reveal his own tactical schemas. The tactical support and the Rafale models were designed to
permit him to realize the same aircraft actions than those required in the real environment
(Figure 1). He was told to limit his highly trained ability to anticipate because he would progress
step by step in the mission simulated on a static simulation device. Each step included decisions
and actions realized during about one minute. The fact that simulation is static at each step
favored a better understanding of the tactical situation and allowed him to deeply analyze and
speak out his thoughts and actions to come. The main objective was to lead the pilot to identify
the information needed in the HSI to act. Because the pilot is focused on his actions, available
but not required current information should not be evoked and led us to a pure list of useful
information.

Figure 1. The dynamic system simulation device with a pilot, an experimenter and an air traffic
controller.

Data analyses

All the sessions were recorded with cameras. Two types of data were collected.
Regarding both the retrospective and prospective fields, we recorded on one hand current
necessary information displayed in the Rafale HSI and on the other hand, all the innovative
proposals. Retrospective label was related to the evolution of existing functions in the aircraft.
Prospective label concerned all the proposals related to the use of the METEOR or the use of a
helmet mounted sight device.

These proposals were analyzed by a couple of experimenter and classified according to
the Rasmussen’s abstraction hierarchy (Rasmussen, 1986). Thanks to this classification,
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proposals of all the participants have been compared, ordered and synthetized in a unique
integrative proposal.
We adapted levels of abstraction as followed from the first (concrete) to the fifth
(abstract):
1- Graphic/auditory solution (e.g., the weapon load is displayed in a rear view of the
aircraft).
2- HSI function (e.g., be warned of an alternative weapon shoot opportunity)
3- Avionic (e.g., calculation of weapon flight time)
4- Rules (e.g., switch in autonomous mode of the missile, namely pitbull mode).
5- Goal (e.g., simultaneous management of air to air and air to ground weapons).
Collected proposals have been synthetized in three lists of specifications. The first list,
related to information in the head-up display (HUD) is already the subject of a specific test in a
dynamic flight simulator. The second list presents the specification of a helmet mounted sight
device and the third list, still in development, the specifications of the tactical display in head-
down.
Results

For several reasons included confidentiality agreements, results presented in this paper
are only related to the list of HUD specifications. Proposals were ranked depending on the first
level induced by the pilot. During the session, pilots suggested creative ideas starting at a
specific level of the abstraction hierarchy but they were guided by the experimenter to explore
higher or lower levels of abstraction. Levels presented in the following figures are the first levels
spontaneously addressed by the participant.

For both retrospective and prospective field, our results showed that higher levels of
abstraction, appreciated by designers, were reached with the tactical map whereas lower levels
were get through the whiteboard support (Figure 2).
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Figure 2. The whiteboard support favored production of concrete proposals whereas the
tactical map support favored production of abstract proposals.

For the prospective field, our results confirmed the relevance of the tactical map to get
abstract innovative proposals but it seemed interesting to underline that lower levels of
abstraction are concerned by a few proposals with the whiteboard support (Figure 3a).
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Figure 3a and 3b. The tactical map support favored the production of prospective
proposals at the highest level of abstraction. The whiteboard support favored production of
retrospective proposals mainly at low levels of abstraction.

Concerning the retrospective field (Figure 3b), we confirmed that the whiteboard support
brought more concrete proposals than the tactical map brought abstract proposals.

Discussion

We insist on the relevance of combining the two static supports to simulate the activity of
a dynamic system. One of the strengths of our device is to allow the pilot to switch between the
supports to be in the best conditions for revealing his needs of information. In this step by step
approach, elaboration of the scenarios was crucial. An in-depth knowledge of fighter pilot
activity is required preliminary to the simulation session because events occurring in scenarios
will influence the pilot to be creative. The choice of front line pilots as participants improved the
capacity of the simulation device to reveal useful needs which must not be confused with a user
friendly feature. The resulting effect of soliciting representative front line pilots was to get a
diversified sample of participants producing various innovative proposals. The use of abstraction
hierarchy was justified and helpful to class, to regroup and to order all the proposals. Sometimes,
two pilots suggested different proposals at a low level of abstraction but these same proposals
were convergent at higher level of abstraction. Thus, we managed to produce integrative
specifications. In fact, our lists of specifications, providing the identification of the appropriate
level of abstraction, incorporated all the pilots’ proposals.

In a near future, we will assess the relevance of our specifications for designing the future
HSI in the Rafale program. We also consider reproducing our methodology and will apply it to
other current functions of the aircraft such as the failure management or to prospective tactical
concept such as handling remotely piloted aircrafts from a Rafale cockpit. In addition, we hope
that the promotion of our methodology will create opportunities to investigate other complex
jobs in aviation.
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AVIONICS TOUCH SCREEN IN TURBULENCE:
SIMULATION FOR DESIGN (PART 2: RESULTS)
Sylvain Hourlier & Xavier Servantie
Thales Avionics
Meérignac, France

Consumer market touch screens ubiquity has driven the avionics industry to
launch in depth evaluations of touch screen for cockpit integration. This paper is a
follow-up from ISAP 2015 paper where a methodology for turbulence simulation
design was discussed. One of the challenges was to verify touch screen
compatibility with in flight use under turbulent conditions, ranging from light to
severe. The avionics industry recognized early on the need to alleviate such
usability risk and the results of our evaluations enabled us to define
recommendations for our HMI designs. Using our validated turbulent profiles,
basic touch screen interaction performances were analyzed and this paper will
focus on the results we gathered using our turbulence simulator.

Designing profiles for turbulence simulator

In our prior paper (Hourlier & Servantie, 2015), we presented the process that led to the
design and validation of representative turbulence profiles and the selection of an hexapod as the
best simulator for acceptable validity. In flight accelerometer (both linear and rotation)
collections were performed to provide us with a baseline for choosing between possible
simulation solutions. Given the 6 axis accelerometer profiles that were collected, a number of
potential candidate simulation platforms were selected. They were reviewed in terms of
performance and cost. A hexapod structure (figure 1) capable of reproducing those profiles with
acceptable validity was selected. 6 simulated profiles were designed to mimic the “inflight”
references. Tests were performed with pilots to validate the best profiles for each level of
turbulence.

Figure 1: The Hexapod at ENSAM with the test bench on top
The selected profiles were then used to evaluate validate specific complex touch/gestures

in light to severe turbulent conditions, using all the potential of touch interactions for novel
cockpit Human Machine Interfaces. The result of these tests is presented here.
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Using a turbulence simulator for interaction design

Once our selected turbulence profiles were validated by pilots, they were used for
evaluation of technical solutions in the design of Avionics touch interactions. We needed first to
assess the performance of basic interactions with regard to the 3 levels of turbulence relevant to
the certification process: light, moderate and severe. This evaluation ran over a period of two
weeks with 30 subjects in 2014. The results that are presented here are linked to our validated
(Thales proprietary) levels of turbulence and should be considered as suggestions for design, as
many other factors can influence touch interaction (existence of finger/palm rests or anchors to
cite but the most obvious one).

Population and means

Population. 30 subjects performed this evaluation: 5 left handed, 25 Right handed; 4
women, 26 men; 6 aged 20—29, 11 aged 30-39, 8 aged 40-49, 5 aged 50-59; 7 men had more
than 100h of piloting experience (5 with significant flight experience); 9 reported being
sometimes sea sick or simulator sick.

Means & Method. The detailed account of the materiel used can be found in our prior
paper (Hourlier & Servantie, 2015).

e The Hexapod (+/-2g, +/- 50cm Y, X,Z displacements and 3 axis angular acceleration),
property of ENSAM Bordeaux was fitted with a specific “cage” replicating the
conformation of the Thales AVV2020 cockpit design.

e An in-house recording system collected all interactions with the touch screen (time
stamps, screen XY localization).

e Videos using GoPro cameras were recorded: one filming the screen interactions, the other
filming the subject. A wireless headset enabled communications between subjects and
experimented. An emergency stop button was always accessible to the subject (but was
never used)

e Four turbulence profiles (table 1) were preprogramed on the hexapod and could be played
on demand: none, light, moderate and severe.

Table 1.
Turbulence profiles used for tests (acceleration in m/s?)

Turbulence level None Light Moderate Severe
Maximum - 2,29 5,52 8,11
Mean - 0,65 1,53 2,60
Median - 0,57 1,32 2,29

A typical run would comprise successive 4mn evaluations of basic interactions in
successive turbulence profiles (no turbulence, light turbulence, moderate turbulence and severe
turbulence). An individual session would last 1h30mn on average. A pause in the middle was
added to accommodate the test subject, the experience being somewhat tiring.
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Protocol. Subjects were asked to perform, at various levels of turbulence, simple tasks
replicating basic interactions with Touch devices. These were: Press, Release, Double tap and
Long press.

e Press & Release. A colored circle (@ 7-12-15-18 mm) would appear on a black screen at
random places along with a target (cross) at another random position. The task being to
drag the circle to the cross and release on the center of as precisely as possible to make it
disappear (speed and precision measurements collected).

e Double tap. A colored target circle (@ 7-12-15-18-28 mm) would appear on a black
screen at random places. The task being to double tap on its center as fast as possible to
make it disappear (speed and precision measurements collected).

e Long press. A colored target circle (@ 18mm) would appear on a black screen at random
places. The task being to press it at least 2 seconds on its center to make it disappear
(movement and precision measurements collected).

The objective of these trials being to identify size and time related recommendation for
efficient touch interactions in turbulent conditions.

Results

All results presented here account for finger rest interactions (except for the few
mentioned in table 2). Basic results are presented as an error rate outcome with regards to the
analyzed variables.

For instance the figure 2 presents the error rate when pressing a target button in 3
conditions no, light or moderate turbulences. For example, if one considers 10% an acceptable
error rate, the figure presents the size of the interacting zone radius 13.5mm for moderate
turbulence (the zebra arrow) and 8mm for light turbulence (the dotted arrow). For example, if
one wants to secure an interaction with a round button in moderate turbulence for an expected
success rate of 90%, one should choose a 27mm diameter interaction zone.

To obtain our results, numerous trials were recorded. See table 2 for reference.

Discussion

The overall Gaussian shape of our data representation (figures 2 to 6) and their increasing
logic with higher turbulence accredit the validity of our data and enable us to obtain explanatory
mathematical transfer function from turbulence level to interaction error.

From the double tap spatial analysis we can recommend double tap effective zones and
from the temporal analysis we can recommend on the delay before addressing a double tap as a
single one and also recommend on the size of the zone to reduce the time delay.

From these results one can also analyze the involuntary finger movements (given a
certain level of turbulence) and thus recommend a threshold before considering a movement as a
drag. For instance such results could serve to differentiate between dragging a map and creating
a marker on the map.

Finally, as analyzed for press interactions, (figure 7) the error rate can be more than 50%
higher without finger rest in moderate turbulence level. Hence, in an aeronautical environment,
FINGER REST is MANDATORY.
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Table 2.

Occurrence collected during our basic tests

No Light Moderate Severe
Interaction type Turbulence Turbulence Turbulence Turbulence
Press* 180/*514 482/*573 480/*367 342/*168
Release** 100 100 100 100
Double tap 307 306 186 121
Long press 182 369 322 248

*Without finger Rest for comparison (figure 7). **Protocol limited to 100 interactions for technical reasons.
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Figure 7: Error rate for various button sizes (in mm) with or without finger rest in
moderate turbulence level.

References
Hourlier, S. & Servantie, X., (2015) Avionics touch screen in turbulence: simulation for design,

proceedings of the 18" International Symposium on Aviation Psychology, May 4-7, Dayton
Ohio

243



EFFECTS OF AN ECOLOGICAL INTERFACE ON FLIGHT TRAINING EFFECTIVENESS

Ronald Deerenberg, M. M. (René) van Paassen, Clark Borst, Max Mulder
Aerospace Engineering — Delft University of Technology
Delft, The Netherlands

For Ecological Interface Design (EID), the underlying constraints and properties of an operator’s
work domain are analysed and used as a basis for the design of the information displays, so that
these may reveal these underlying mechanisms. Most evaluations for EID have been performed
with expert or trained participants. However, it can be hypothesised that the effects of EID will
also change the way tasks are learned by novices; since the EID designs support direct
manipulation, and at the same time show the constraints in the work domain, a novice would be
able to perform the task as a skill, employing the direct manipulation features of the interface,
while at the same time learning the underlying constraints from the work domain. Our interest is
the effect of an EID display on skill acquisition in a flying task. To this end we evaluated the EID
display by (Amelink, Mulder, van Paassen, & Flach, 2005) in a study with novice pilots, learning
flight path and speed control of a simulated aircraft. It was found that initial performance by the
EID group was better than by a control group, the EID group also showed more consistent and
homogeneous behavior. The EID display did not lead to increased workload, as measured with the
Rating Scale for Mental Effort. Asymptotic performance levels for both groups were not
significantly different.

Introduction

In order to reduce the time and cost involved with flight training, flight simulators are becoming more
commonly used. Much effort is being put into understanding the contribution of motion feedback and visual cues
towards increasing the effectiveness of simulator-based pilot training (Mulder, Pleijsant, van der Vaart, & van
Wieringen, 2000; Pool, Harder, & van Paassen, 2016). When using a simulator for initial training, alternative
interfaces that increase the instructional value may be considered. It can be argued that interfaces based on
Ecological Interface Design (EID) may be applied to this. Even though EID is mostly considered to “facilitate
human adaptivity and flexibility to cope with unforeseen events” (Borst, Flach, & Ellerbroek, 2015), the way in
which users are supported might also aid in the learning process. The effect of EID interfaces on learning received
limited attention, two notable exceptions are a longitudinal study using the DURESS Il process control microworld
(Christoffersen, Hunter, & Vicente, 1996, 1998), and a series of experiments in which the Oz display — not designed
by the EID approach, but as a functional aviation display — is evaluated (Smith, 2007; Smith, Boehm-Davis, &
Chong, 2004).

The objective of this research is to evaluate the training effectiveness of EID interfaces during a manual
control task, by comparing the skill acquisition for task-naive subjects using conventional instrumentation to those
training with the total energy-based perspecive flight path display (Amelink et al., 2005). During an approach, or
any other situation in which altitude and airspeed changes are requested, energy management is the underlying
principle for the coordination between throttle and elevator. The pilot tries to control two aircraft states (airspeed
and altitude) by using two control inputs (throttle and elevator) but these inputs do not directly map onto the
controlled aircraft states. During flight training, pilots are often taught to apply a control strategy in which the inputs
do directly map onto the outputs in order to simplify the control task. The two variations of these simplified control
strategies are the "throttle-to-path & elevator-to-speed™ and "throttle-to-speed & elevator-to-path” strategies.
However, these simplified strategies are sub-optimal and lead to adverse control couplings (Lambregts, 1983;
Langewiesche, 1944).

The experiment investigates whether the visualization of the aircraft’s underlying energy relations supports
student pilots in learning the basics of flight. The intention is to evaluate the EID display as a training tool, so the
experiment uses a quasi transfer-of-training set-up, in which participants’ performance is tested with the
conventional display.

Total Energy-Based Perspective Flight-Path Display
The total-energy display is based on a tunnel-in-the-sky display, which shows a three-dimensional guidance

situation with respect to the trajectory to be followed: "It allows a direct spatial orientation of the aircraft’s position,
attitude and motion relative to a fixed landmark -the tunnel geometry- in the environment™ (Mulder, 1999). This
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Figure 1: Definition of the Total Energy
Reference Profile (TERP) (Amelink, Mulder, van
Paassen, & Flach, 2005)

Figure 2: Human-Machine Interaction Laboratory (HMI-
Lab) at Delft University of Technology

orientation and motion can also be interpreted as a visualization of potential (height) energy. In addition to the
physical motion, the display also visualizes the energy inventory of the flight, by showing the Total Energy
Reference Profile (TERP) and the Total Energy Angle (TEA). From the TERP and the tunnel visualizations, pilots
can observe total energy, potential energy and kinetic energy deviations. Likewise, the TEA and the flight path angle
show rates of these quantities (Figure 1).

Experiment

Goal of the experiment

The goal of the experiment is to evaluate the training effectiveness of the total energy-based perspective
flight-path display during a manual flying task. In order to evaluate the training effectiveness, the skill acquisition of
participants is compared to that of participants using a baseline tunnel-in-the-sky representation. Also, the natural
progression of participants is the object of study, therefore the amount of feedback during training is limited as much
as possible. This also means that task complexity had to be reduced, therefore the aircraft control was limited to
purely longitudinal motion, effectively limiting flight training to climbs, descents, and straight-and-level flight.

Apparatus

The experiment was performed in the Human-Machine Interaction Laboratory (HMI-Lab) of the faculty of
Aerospace Engineering at the Delft University of Technology (Figure 2). Subjects were able to control a six-degree
of freedom, non-linear model of the Cessna Citation 500, by means of a right-handed electro-hydraulic side-stick
and a throttle located to their left. The interface was presented by means of an 18-inch LCD monitor. The side-stick
was configured such that only fore-aft movement was possible. Also, rudder control was disabled, flaps were kept to
15 - and the landing gear remained retracted during the entire simulation. In terms of atmospheric models, zero
wind was present but some turbulence was included. No outside visual was used in the experiment but engine sound
was generated and the lights were dimmed during the experiment.

Participants

A total of 24 task-naive participants took part in the experiment, of which 20 male and 4 female. All
participants indicated normal color vision and none of the participants had prior flying experience. All participants
filled in the revised Study Preference Questionnaire (Jeske, Backhaus, & Rossnagel, 2014) before the experiment, in
order to score participants based on the holist/serialist cognitive style division. The same questionnaire was
completed by 110 pilots (RPL, PPL, and ATPL) in order to select participants such that both experimental groups
were representative for a typical pilot population. In addition, participants were selected and divided over the two
experimental groups in order to balance both groups as much as possible in terms of prior experience.

Control task

During the experiment, participants were asked to follow an altitude and airspeed profile along a
longitudinal trajectory. A simulation run consists of a series of change in either: altitude, airspeed or a in knots
combined change in altitude and airspeed. An example of this can be seen in Figure 3. The requested altitude profile
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Figure 3: A section of the trajectory, indicating the requested altitude profile and the goal speeds in knots

is indicated by the tunnel-in-the-sky representation in both interfaces. The currently requested airspeed is indicated
by the location of the speedbug and the current and following airspeed goals are also indicated numerically in the
interfaces, both of which can be seen in Figure 4. Participants were told to control the aircraft through the tunnel and
to follow the airspeed commands as accurately as possible. i.e., to minimize all occurring position and airspeed
errors.

The simulation trajectory consisted of fifteen different changes in altitude and/or airspeed. After each
requested change in either aircraft state, a section was always present where participants were requested to fly
straight-and-level with a constant airspeed. Effectively doubling the amount of changes in aircraft state. This was
done in order to allow participants some time to recover from any errors in the required aircraft state and thus to
limit any error propagation through following sections of the trajectory. In order to avoid pattern recognition and
boredom, the trajectory was split into three sections and the order was mixed according to Table 1. Between subjects
there was no randomization performed, meaning that all subjects had the same order of trajectories as indicated in
Table 1.

Experimental design

The experiment has a between-subjects design with a quasi-transfer-of-training manipulation. During this
transfer-of-training experiment, there are two phases referred to as the training and transfer phase. The training
phase consists of nine simulation runs carried out during the morning. In the afternoon, on the same day, participants
completed another six simulation runs during the transfer phase, as can be seen in Figure 5. The control group,
referred to as BASE, used the baseline tunnel-in-the-sky interface during the entire experiment. The other group,
referred to as the EID group, used the total energy-based perspective flight-path interface in the training sessions and
participants used the same baseline tunnel-in-the-sky interface. As each simulation run lasts approximately seven

Next - 150
Now o 225

0 1
-

(a) Baseline Interface: 1) Airspeed Tape, 2) Altitude (b) Total Energy-Based Perspective Flight-Path Dis-

Tape, 3) Flight Path Vector, 4) Speedbug, 5) Tunnel, 6) play: 1) Energy Angle, 2) Total Energy Reference Profile,
Purple Goal Frame, 7) Goal Speeds, 8) Aircraft Symbol, 3) Speedmarks (= 2 knots)

9) Tachometer, 10) Flap and Gear Indicator

Figure 4: The two interfaces that were used in the experiment, highlighting the various display elements.
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minutes, a fifteen-minute break was scheduled after each block of three simulation runs, in order to avoid fatigue.

Each participant received an experimental briefing two days before the experiment, which also included a
recap of the relevant theory of flight needed to complete the task. This included an explanation of the effect of the
controls and a summary of the relevant material regarding straight-and-level flight, climbs, and descends according
to the FAA’s Instrument Flying Handbook (Anon., 2012). Before starting the experiment, there was room for
questions regarding the theory of flight and the functioning of the interface, but no feedback was provided during the
experiment except for explaining some display features.

Furthermore, the baseline group was explicitly told to use the throttle-to-speed, elevator-to-path control strategy. On
the other hand, the EID group was explicitly told to use the throttle to control total energy and the elevator to control
altitude. However, both groups received the same experimental briefing through which they were made aware of the
different control strategies.

Table 1: Order of the sections A. B, and C of
the trajectory for each simulation run

EID TRAINING TRANSFER
Run Order | Run Order Group [Eem] [em| |ED|
1 A-B-C 10 B-C-A 3 runs 3 runs 3 runs 3 runs 3 runs
2 A-C-B | 11 C-A-B
3 B-AC |12 CB-A BASE TRAINING TRANSFER
4 B-C-A 1 I3 ABC Group | [ease| [Base| [eask]
3 C-A-B 14 A-C-B 3 runs 3 runs 3 runs 3 runs 3runs
6 CBA |15 BAC
7 A-B-C Figure 5: Experiment group definition, indicating which interfac
8 A-C-B was used by both groups during the experiment
9 B-A-C

Hypotheses

It was expected that the added energy information to the baseline tunnel-in-the-sky interface would
increase mental effort during the training phase due to the apparent increase in display complexity as noted in
previous evaluations of the EID display (Amelink et al., 2005). On the other hand it is expected that the EID group
will perform initially better than the control group, however, with the expected amount of practice both groups
might end at the same asymptotic level of performance, as measured in speed/altitude deviation. The EID group is
also expected to have lower control activity, since the display information on energy and energy rate can resolve the
cross-coupling between the control inputs and control target values.

110

904
g Figure 6: Boxplot of the experienced mental
2 70 effort according to the Rating Scale Mental
_F;‘ Effort, for each of the fifteen simulation runs
£ 50l for both the EID and baseline group. With

simulation run 1-9 being the training phase,
30 and 10-15 the transfer phase
10

I 2 3 45 6 7 8§ ¢ 10111213 1415
Training runs Transfer runs
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Figure 7: Boxplots of the performance measures, indicating: 1, the initial run; 2, the average scores for the last three
runs of the training phase; 3. the first run after the transfer manipulation; and 4, the average scores for the last three
runs of the training phase

Results and discussion

Mental Effort

The mental effort was measured with Zijlstra’s RSME (Zijlstra, 1993). Previous evaluation with
experienced pilots indicated a considerable increase in mental effort for the EID display. The results can be seen in
Figure 6. A clear decrease over the runs is visible, but no significant difference between the two groups is
present.between the final training run and the initial transfer run, a small increase in mental effort can be seen,
however this was not statisticallly significant (Wilcoxon, z =-1.735; p = 0.083). There appears to be no difference in
mental effort between the EID and baseline groups, indicating that the perceived complexity of the display as
reported by expert pilots plays a smaller role in novices.

Performance

Values for the different performance measures are given in Figure 7. Overall, altitude tracking performance
quickly reached proficient levels of performance and performance was adequate almost from the start of the
experiment, resulting in only a small learning rate. The averaged performance in airspeed tracking of the two groups
showed no significant differences (Wilcoxon, z =-1.569; p = 0.117), however the variance within the baseline group
was significantly larger (Levene, F = 6.004; p = 0.023). Both groups reach the same level in airspeed tracking, even
though the airspeed deviations are presented in a markedly different manner for the EID group.

The airspeed and total energy error both show larger errors for the first run only, however, asymptotic
performance levels are quickly reached by both groups and by all participants. Regarding the total energy error,
there is a significant difference between the two groups (Wilcoxon, z = 1.961; p = 0.050) and the associated variance
of the EID group is significantly less than that of the Baseline group (Levene, F = 8.385; p = 0.008). When
considering the average energy error for both groups in the final three training runs, or the final three evaluation
runs, there were no significant differences. Thus both groups mastered energy control to a level that they were
indistinguishable.

Conclusion

The flight-training effectiveness of an EID interface for learning a manual longitudinal flying task in a
fixed-base simulator was evaluated by means of a between-subjects quasi-transfer-of-training experiment with 24
task-naive participants. Since the EID interface is considered for a training aid, the transfer is to a non-EID
conventional interface.

Participants who trained with the EID interface showed better initial performance in terms of airspeed and
total energy tracking, however these differences quickly disappeared. Also the variance between participants was
significantly lower for the EID group. The usage of the EID interface also leads to an increase in control activity as
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evidenced by large elevator deflection rates and an increase in the number of throttle reversals. Contrary to
expectation, since apparent display complexity is higher for the EID interface, there was no significant difference in
terms of mental effort. The different interfaces did not result in a significant difference in performance once
asymptotic performance levels were reached. There was no evidence of over-reliance on the energy cues by the EID
group as there were no significant transfer effects. It appears that the functional information presented in the EID
interface provide improved support during the initial phase of the training, without negative effects such as over-
reliance on display features or increase in mental effort. In general, the effects of the EID display on performance
were small, and only visible in the first few training runs. The evaluation did not include unanticipated situations for
the participants, and thus did not test all aspects of the EID support. However, training benefits of EID displays
might be larger for more complex systems that involve collaborative problem-solving and require higher order
cognitive processes.
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INTERVIEWS OF GENERAL AVIATION PILOTS: AN INSIGHT TO AIRSPACE
INFRINGEMENTS

Elena Psylou, Arnab Majumdar, Washington Ochieng
Imperial College
London, United Kingdom

This paper finds contributory factors to airspace infringements concerning the
planning undertaken by general aviation pilots. Twenty seven recreational pilots who
flew a light fixed-wing motor, glider and ultralight aircraft were interviewed using
semi-structured interviews in Finland, Norway and United Kingdom. These countries
experienced a major problem with the number of reported Als. Interview transcripts
were analysed using thematic analysis. The success of this study is attributed to the
carefully design of both the questions of the interview and the sample that comprises
the diverse general aviation sector. The newly found contributory factors are
associated with a pilot’s performance as well as airspace design features that can
influence the pilot’s flight route decision-making, e.g. wished flying altitude is higher
than the lower boundary of controlled airspace in the capital of a country. The
findings can aid the incident investigation and the development of mitigation actions
of these incidents.

General aviation (GA) represents a unigue group of airspace users that fly for a range of
purposes using a diverse aircraft fleet that can sometimes be ill-equipped to fly in controlled airspace
(Civil Aviation Authority United Kingdom, 2006; International Civil Aviation Organization, 2009).
Typically, most GA pilots fly for recreation purposes at the weekends and when the weather
conditions offer good visibility because most pilots fly under visual flight rules (VFR). GA pilots
increasingly use digital devices to plan their flight pre- and in-flight. As with all such technologies,
their use can improve as well as degrade a GA pilot’s performance. Such influences can lead GA
aircraft to fly into controlled and restricted airspace without receiving permission from the Air Traffic
Controller (ATCO), who is responsible for managing the traffic in these areas. Such airspace
infringement (Al) incidents can cause safety and other air traffic management problems, e.g. delays,
with the worst case being a mid-air collision. On average, there are approximately 100 and 600 Als
every year involving GA in Norway and United Kingdom respectively (General Aviation Safety
Committee, 2016).

This paper, therefore, aims to find contributory factors (CFs) of Als involving GA flights and
these CFs will relate to the flight planning undertaken by GA pilots. This paper is structured as
follows. In the following section, the studies of Als, conducted by European stakeholders, will be
briefly disccused regarding the data, method and key findings, and the potential of findings pilot’s
related CFs in interviews will be discussed. Next, the participants, the interview design and the
method to analyse transcripts used in this paper will be outlined. The CFs will be presented and
discussed before concluding.

Literature review

During the past decade, two major studies of Als in Europe were conducted in order to
understand the underlying reasons behind the occurrence of Als by two stakeholders (European Air
Traffic Management, 2007a; European Air Traffic Management, 2007b; European Air Traffic
Management, 2008; Safety Regulation Group, 2003). The CFs found in these studies are not
exhaustive. There are generic factors, e.g. airspace design and flight planning, that indicate their
importance with Als; however, they are of limited use and further study is needed to distinguish these
generic factors. There are also ill-defined factors and their poor definitions limits their use as well.
Furthermore, the CFs do not comprise of factors related to the impact of technologies currently used
by GA pilots on Als as found in (O'Hare & Stenhouse, 2009; M. Wiggins, 2007). In general, factors
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related to a pilot’s performance were also not found in the studies whilst such factors are found in the
literature of aviation psychology, e.g. a pilot pursues the flight into adverse weather due to a past
successful situation. (Molesworth, Wiggins, & O’Hare, 2006; M. W. Wiggins, Azar, Hawken,
Loveday, & Newman, 2014).

Literature in decision-making used: questionnaires in which participants rated scenarios
(Hunter, Martinussen, & Wiggins, 2003), simulated flights (Molesworth et al., 2006), scales (Hunter,
2005) and incident and accident data (M. W. Wiggins et al., 2014). It is evident that research
questions that are broad or explorative, questionnaires are preferred over simulation studies. It is
remarkable, though, that interviews were not commonly used in the literature given their evident
success to address explorative research questions that knowledge in the field as in (Nascimento,
2014). Regarding the sample design used in the literature, the sample often consisted of GA pilots and
commercial pilots whilst the results were presented for all the participants (Hunter et al., 2003; M.
Wiggins, 2007). This aggregation might have prevented differences between these two types of pilots
from becoming apparent. Hence, the design of the sample should account the diversity of GA sector.
Last but not least, the validation method used in the literature was often not clearly stated whilst
validation is essential. Validation can be conducted by a subject matter (Nascimento, 2014) and by a
comparison with similar studies or data (Hunter et al., 2003; Hunter, 2005) .

In order to identify CFs of Als related to the flight planning, interviews of GA pilots, who are
the key contributors to Als, will be conducted and the sample of the study will represent the diversity
of GA sector. The sample, the interview design and the method of analysis of the interviews are
presented in the following section.

Method

Interviews of recreational GA pilots were conducted in Finland, Norway and United Kingdom
(UK) that possess a problem with Als involving GA flights and their aviation stakeholders collect Al
incident reports. Interviews were conducted between March and November in 2015 and their duration
was between 45 and 70 minutes. A convenient time for the face-to-face interview was arranged at the
participants’ flying club or city of residence. Participants were found directly from flying clubs in the
UK and through the airspace navigation service provider and national aviation authority in Finland
and Norway.

Participants

Participants were selected based on four criteria as follows given analysis conducted of
reported Als in these countries. The geographical location of their flying base was a selection criterion
in that approximately 80% of the participants used an aerodrome located in the region of the capital
and subsequently 20% of the participants departed from other cities. The reason is that the safety
analysis of reported Als in these countries showed that most Als located in the region of the capital of
the countries whilst the airspace design might also relate to Als. In order to ensure that the diversity of
GA fleet is represented in the sample, even though most reported Als occurred by fixed-wing motor
aircraft, pilots of an ultralight and glider aircraft will also be interviews as follows: 80% of the
participants flew a light fixed-wing motor aircraft, 10% flew an ultralight aircraft and 10% flew a
glider aircraft.

In order to control the diverse activities, pilots must fly for recreational purposes and have a
VFR-rating. Given that the flying hours of GA pilots can vary, the sample must consist of GA pilots
who were recently issued their flying licence and have been flying for a long time. The flying activity
in the last three months is also considered to account the inactive flying period in the winter. Pilots
who fly cross-country flights will also be interviewed. Finally, participants must be fluent in English
language as the interview will be conducted in this language. The involvement of the participants in
an Al, their age, occupation and gender are not taken into account in the sample design.
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The sample consisted of 27 GA recreational pilots as shown in Table 1. There were 20 pilots
that flew a fixed-wing motor aircraft, three pilots that flew a glider and three pilots that flew an
ultralight aircraft. Ultralight and glider pilots were difficult to find and thus, the minimum required
number of these pilots was selected. In Norway, participants, who were based in the capital region
were found only.

Table 1.
Design of the sample
Criterion Fixed-yving Qlider Ul.tralight Total
motor aircraft aircraft aircraft
Country
Finland (Helsinki) 6 1 1 10
Finland (Southern Finland) 2
Norway (Oslo) 5 1 1 7
United Kingdom (Greater London) 5 1 2 10
United Kingdom (South England) 2
Total 20 3 4 27
Total flying hours* 505.5(1310.7) 500 (822.7) 100 (35) N/A
Flying hours in the last three months* 14.5 (24.3) 8 (24) 11 (1.5) N/A
Number of pilots who also flew cross- 17 1 0 N/A

country flights
Note. *median (standard deviation), N/A: not applicable

Interview design

A semi-structured interview was designed to address research questions beyond the research
question of this paper. Participants were asked ten questions whose objectives were the description of
the planning of a flight, the material and devices they use for planning and navigation and the pilots’
involvement in Als and other safety related incidents. For this paper, the responses concerning the
description of the manner to which they decide the flight route for their desired destination including
the difficulties they expect to experience will be used. The questions were open-ended and probe
questions were asked, e.g. ‘will the temperature affect your flight route decision?’

Analysis of Interview

The interview transcripts were analysed using the phenomenological method thematic
analysis (Coyle & Lyons, 2007). The transcripts were coded and the codes were grouped to develop
the themes and their sub-themes that will be the findings of the analysis. The analysis followed the
guidelines for ‘Publication of Qualitative Research Studies in Psychology and Related Fields’ (Elliott,
Fischer, & Rennie, 1999). For the analysis of the interviews, the qualitative data analysis and research
software ‘ATLAS.ti’ was used. In particular, the analysis was conducted as follows.

Two randomly selected interview transcripts from each country were read so that the author
became familiar with the content. For these transcripts, codes were created for meaningful text
chunks. Once the coding was completed, codes were revised to remove duplicated codes, combine
similar codes and then group the codes into meaningful categories. The revised list of codes was used
to code the remaining transcripts and it was again revised at the end of this step. If the codes changed,
the transcripts were coded again and the above process was repeated three times. Finally, the codes
were grouped into themes and their sub-themes. Again, the themes were revised to remove duplicated
sub-themes and combine similar sub-themes and themes.Whilst the aim of this paper is to present key
CFs, the themes regarding the manner in which pilots plan the flight route and the features pilots
consider were transformed to CFs. The participants’ recall of Al incidents was also used to identify
CFs.
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The results were validated by a SME, who had ten years of expertise in aviation safety and
interview analysis. The SME was provided with the themes at level 1 and 2 and was requested to
assign the theme for 100 quotes. In the first stage, the description of the themes was not provided and
the agreement was at 68%, which was below the minimum expected rate of agreement, i.e. 85%. In
the second stage, the SME re-assigned the themes for each quote whilst the SME was provided with
the description of the themes. At this stage, the agreement was 90%, and thus, the themes were
successfully validated. The suggestions for re-naming two sub-themes were incorporated.

Results

A key finding of the interviews was the decision that pilots make to fly in uncontrolled
airspace and near the boundary of controlled and restricted airspace (FB decision). In such a flight, the
pilot can unintentionally infringe for a range of reasons (i.e. contributory factors), e.g. the pilot does
not notice the minor change of the wind direction that succeeded to change the heading of the aircraft
towards controlled airspace. This FB decision is influenced by a range of factors and these factors are
also CFs of Als. Such CFs can relate to the aircraft design, airspace design, airspace procedures,
flight-route decision, communication skills of pilots, the pilot’s personal factors and their risk
management. For example, a ‘pilots’ wishing flying altitude is higher than the altitude of the lower
boundary of controlled airspace’ and thus, the pilot flies as close as possible to the desired altitude. In
such a situation, pilots who believe that the gliding distance is inadequate may fly very close to the
boundary, e.g. 10ft below.

Other factors that can influence the FB decision can be the following. In the situation that the
‘flight route passes through many controlled airspace areas’, e.g. cross-country flights, the flight
route is modified to pass through a fewer number of controlled airspace areas and subsequently the
pilot will contact a fewer number of ATCOs given that communications can increase a pilot’s
workload. The “pilot wishes to fly only in controlled airspace’ and thus, in areas that an entry to
controlled airspace is less likely to be permitted, the pilot will make the FB decision. Another factor
can be the “ill-fitted ultralight and glider aircraft that cannot fly in controlled airspace’ and thus,
these aircraft divert the route around controlled airspace; however, the diverted route is almost similar
to the initial planned route.

The manner in which pilots plan their flight route pre-flight can also contribute to Als and
was found to be influenced by the technologies used by GA pilots as follows. Animated planning apps
suggest a straight, direct flight route that might not be optimal for the aircraft, the area and the
weather conditions. Pilots that do not change this suggested route might infringe, especially if ‘the
flight route is near controlled airspace’. This CF is the ‘unchallenged flight route that is suggested by
the planning app’. Due to the use of such planning apps, the “pilot plans the flight route quickly’ and
‘starts the planning closer to the time of departure’ even just prior to take-off. Both CFs can result in
the situation whereby the “pilot uses less number of landmarks’ and ‘the pilot is inadequately
prepared for the flight” in that the pilot do not visualise the shape of the airspace, the local weather,
e.g. wind of varied direction over mountainous area, and the potential traffic density in certain
segments of the flights.

It was evident in the interviews that the pilots were confident of the accuracy of both the
planning and navigation devices, e.g. animated apps and Global Positioning System receivers. Whilst
the benefits of using these emerging technologies were stated by almost all the participants, their
limitations and their potential to contribute to Als were not clearly shared by all the participants. Such
devices can run out of battery, freeze at any time and the positioning, especially that of tablets, might
not be as accurate as the pilots believe. In the situation that the navigation device fails, the pilots have
to switch to traditional navigation by comparing landmarks on the ground and the map. If the pilot did
not find the landmarks that he/she flies over, the pilot would probably prioritise the tasks to identify
the position of the aircraft and thus, this might lead to a loss of situational awareness.

253



Discussion

This study found factors related to planning that can contribute to airspace infringements
involving GA flights. The CFs are detailed and thus, they overcome the limitation of the past studies
of Als that found generic CFs. The findings were validated by a SME. The newly found CFs are
associated with a GA pilot’s performance as well as airspace design features and these CFs can
influence the pilot’s flight route decision. For example, a low altitude of the lower boundary of
controlled airspace in the capital of a country influences pilots to fly in uncontrolled airspace and near
the boundary in order to maximise their gliding distance in the event of an engine-failure. The study
also identified the impact of the planning apps that are increasingly used by pilots. In particular, pilots
that use such apps might start the planning just prior to take-off and make more flight-route decisions
in-flight due to access to information when airborne.

The key to this achievement was both the carefully designed semi-structured interviews of
recreational GA pilots and of the sample. The enriched results were derived from the participants’
description of the manner in which they typically decide the flight route. CFs, such as ‘unchallenged
flight route that is suggested by the planning app’ was found for the first time and this can be an
example of the potential degradation of a GA pilot’s performance due to the use of emerging
technologies. Of equal importance, consideration of the diversity of the aircraft type and the flying
base of the pilots succeeded in identifying their differences. A distinctive finding was that ultralight
and glider pilots decided to fly in uncontrolled airspace due to the fact that the aircraft were ill-
equpped to fly in controlled airspace. Another key finding is the impact of the heavily controlled
airspace in the capitals of the countries in that pilots, who were based in these areas, e.g. London,
where the uncontrolled airspace was narrow, and consequently planned the flight near controlled
airspace.

The findings of this study shed light on the Al domain and thus, the findings can be used to
develop a bespoke taxonomy of CFs of Als. This taxonomy can aid the Al incident investigation and
analysis as well. Such detailed findings, e.g. airspace design features, use of apps by the pilots, could
also be used to develop mitigations actions of Als involving GA flights.

Conclusions

This study successfully found contributory factors of Als involving GA flights. The findings
presented in this paper focused on the planning of pilots that is essential for completing a safe flight.
For the purpose of this study, semi-structured interviews were conducted in Finland, Norway and UK
and a sample of recreational GA pilots was carefully designed based on four criteria concerning
operations and personal factors, e.g. country, aircraft type, city and flying hours. The findings can be
used to develop a bespoke taxonomy of contributory factors and this taxonomy will comprise the
diversity of GA operations, the environment the GA pilots fly and a GA pilot’s performance. The
findings can aid the incident investigator and support aviation stakeholders to design mitigation
actions of Als.
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Spatial skills are critical for flight safety. The current study investigated whether increased flight
experience as a pilot was associated with improved spatial skills, and in particular, the ability to
form a mental representation of a novel virtual environment. Pilots completed small-scale spatial
ability tasks, travelled along four routes in a virtual environment, and then completed two tests
that assessed memory for the locations of landmarks in the environment. Pilots with more flight
experience did not have more accurate mental representations of the environment than individuals
with less flight experience. Increased flying experience was, however, linked to better
performance on a perspective-taking test. Perspective taking has been proposed as central to
navigation awareness during flight, and the current data suggest it improves with experience.

Successful navigation of an aircraft is a complex cognitive skill that demands pilots plan a route from point
A to point B and be able to quickly plan alternate routes in the event of an emergency (Transport Canada, 2010).
The foundation for such wayfinding is an ongoing understanding of the plane’s current location relative to
landmarks and other objects during flight. Gibb, Ercoline, and Scharff (2011) estimate that spatial disorientation, a
situation in which a pilot mistakes the plane’s location, motion, and/or attitude, accounts for 25-33% of all aviation
accidents. In many cases, the pilot unknowingly makes this misjudgement and remains unaware of the mistake until
itis too late. Gibb et al. also argue that mishaps attributed to spatial disorientation, which are underreported, have
the highest fatality rate in comparison with other causes of crashes, indicating the critical importance of spatial
cognition for flight safety.

It is well-established that spatial skills are not fixed abilities and can be improved through training in the
laboratory (see Uttal et al., 2013 for a meta-analysis), but evidence that flight experience, in particular, can lead to
improved spatial skills remains mixed (Dror, Kosslyn, & Waag, 1993; Sutton, Buset, & Keller, 2014). For instance,
Dror et al. found that military pilots performed better than non-pilot controls on a mental rotation task but showed
no difference on judgements of categorical spatial relations or mental image scanning. Furthermore, whether the
mental rotation finding is attributable to spatial skills acquired in flying is unclear, as small-scale spatial abilities are
only partially related to performance on large-scale navigation tasks (Hegarty, Montello, Richardson, Ishikawa, &
Lovelace, 2006). On the other hand, Sutton et al. (2014) found that early-career civil aviation pilots formed more
accurate cognitive maps of a novel virtual environment than non-pilot controls matched to the pilots on age and
video game experience. These findings suggest that the spatial skills pilots acquire transfer to other, non-flight,
navigation tasks and result in more accurate mental representations of the environment.

A cognitive map is a map-like mental representation of the configuration of landmarks in an area, often
described as a mental “birds-eye-view” that is orientation independent (O’Keefe & Nadel, 1978; Tolman, 1948), and
Sutton et al. (2014) suggested that multiple aspects of flight may improve cognitive mapping skills. For instance, the
unique aerial views and/or the demands of constantly updating the aircraft’s spatial position during flight may
facilitate encoding the environment in memory as a cognitive map. In addition, assessments for pilot licensure
include a requirement for candidates to assume a new heading and anticipate the locations of objects along the new
path (Transport Canada, 2010), a skill greatly facilitated by having a mental map of the environment. Quick
calculation of a detour using a map-like memory of an area requires an understanding of the current positions of
objects relative to the plane and to each other, and the ability to mentally transform those relationships to correspond
to a new heading, a process known as perspective taking (Thurstone, 1950). According to Aretz (1991), perspective
taking is central to a pilot’s navigation awareness during flight, and when combined with pilots’ unique aerial
viewpoint akin to a map, perspective-taking practice may lead to improved precision both in the storage and
retrieval of cognitive maps in memory.
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The current study extended the findings of Sutton et al. (2014) by investigating whether cognitive map
accuracy and/or perspective taking improve with increasing hours of flight experience. Pilots explored a virtual
environment, Silcton, via four separate routes and afterwards were tested for their ability to combine the routes into
a single map of the environment. We predicted that pilots with more flight hours would form more accurate
cognitive maps of Silcton than pilots who had fewer flight hours. In addition, we predicted that more hours would be
associated with better memory of the routes travelled in Silcton. Because we hypothesized that perspective taking
skills were a potential mechanism facilitating cognitive map encoding and retrieval in individuals with flight
experience, a paper-and-pencil perspective-taking task was also administered in order to assess the association of
perspective taking with flight hours and cognitive mapping skills. We expected that, as with the measures of Silcton,
perspective taking would improve with increasing flight experience.

Method
Participants

Forty-two students (36 males, 6 females, mean age = 20.48) with at least one hour of flight experience were
recruited from The University of Western Ontario. Participants were in the early stage of their careers with a varying
number of flight hours (M = 75.79, SD = 70.94). Twenty-three participants (20 males, 3 females; M age = 20.48, SD
= 3.94, range = 17 - 37) held a Private Pilot Licence or higher (e. g., Commercial Pilot Licence) and 19 had not yet
obtained a licence (16 males, 3 females; M age = 20.47, SD = 3.34, range = 18 - 32). Some participants received $15
in compensation for participating in the study and others received course credit. Data for every participant (N = 42)
are reported for all measures, except the same route and different route direction estimation tasks and the map
building task, where N = 41 due to a technical error. The study was approved by the University of Western Ontario
Non-Medical Research Ethics Board.

Materials and Procedure

After providing written informed consent, participants completed a demographic questionnaire where
information on hours of flight experience, licences and ratings obtained, and GPS usage during flight was collected.
Next, participants completed the Santa Barbara Sense of Direction scale (SBSOD; Hegarty, Richardson, Montello,
Lovelace, & Subbiah, 2002), which assessed self-reported spatial abilities. After the SBSOD, participants completed
the paper-and-pencil-based Spatial Orientation Test (SOT; Hegarty & Waller, 2004), a measure of perspective-
taking ability where participants are required, while looking at a static array of objects on the page, to assume an
imagined heading direction in the array and indicate the direction of another object in the array. Next, participants
completed a spatial n-back test of spatial working memory. Note that of these tasks, only data from the demographic
questionnaire and the SOT are presented in this paper.

After the small-scale spatial tasks, participants completed the virtual environment task using the Silcton
environment (Weisberg, Schinazi, Newcombe, Shipley, & Epstein, 2013) presented on a 15.6” laptop (Samsung
R525, Samsung Electronics, Suwon, South Korea) running Windows 7 64-bit with an AMD Phenom Il Quad-Core
N970 2.2 GHz Processor and an AMD Radeon HD 6600M Graphics card (Advanced Micro Devices, Sunnyvale,
CA). First, participants familiarized themselves with the controls (arrow keys and mouse) and practiced moving
around in Silcton. When participants were comfortable with the controls, they were instructed that they would be
exploring four different routes (2 main routes and 2 connecting routes) through the same town used for practice.
They were instructed to remember the names and the locations of eight buildings marked with blue diamonds in
Silcton, as the tasks that followed would test their knowledge for these buildings. Participants travelled each route
from start to finish, following red arrows marked on the path, and back to start. Participants were given an unlimited
amount of time to complete the travel on each route.

Immediately after traversing all four routes, participants completed a direction estimation task based on
memory for Silcton (Weisberg et al., 2013) where they were asked to place the eight target buildings around the
perimeter of a circle in their appropriate directions from given heading directions. For instance, on one item,
participants were instructed to imagine they were standing at Harris Hall facing the Batty House. From this heading,
they positioned the eight buildings to indicate their directions relative to the imagined heading. This task provided
measures of route and cognitive map accuracy, as participants were asked to estimate the directions of buildings on
the same route (a measure of route knowledge) and buildings on different routes (a measure of map knowledge).
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Participants completed a final map-building task (Weisberg et al., 2013) where they were shown a blank rectangle
on the computer screen and were instructed to drag and drop bird’s-eye images of the eight Silcton buildings into
their appropriate locations.

Results

Means and standard deviations for all measures reported here are shown in Table 1. Paired t tests showed
that pilots were more accurate (i.e., showed less error) at estimating directions between landmarks along the same
route than across different routes, t(40) = -8.28, p <.001, and means for both estimation measures were significantly
better than chance (90°), same route: t(40) = -14.87, p <.001, different routes: t(40) = -4.28, p < .001.

Table 1.
Means and Standard Deviations for Flight Hours, Spatial Orientation Test (SOT), and Silcton Measures.

Silcton Direction Estimation Error

Flight hours SOT Landmarks on the Landmarks on different Sllct_on_
same route routes map building
M 75.79 21.58 64.72 81.13 .52
SD 70.94 0.07 10.88 13.27 .28

Note: SOT and direction estimation error measures are reported in absolute degrees. Accuracy on the Silcton map
building task was scored using a bidimensional regression procedure resulting in an R? value with a potential range
from 0 - 1.0.

Table 2 shows the results of two-tailed Pearson correlations. As expected, measures based on memory for
Silcton were significantly correlated. Hours of flight experience was not significantly correlated with cognitive map
accuracy of Silcton, as reflected in the measures of different-route direction estimation error and map building.
Similarly, there was no correlation between flight experience and route knowledge on the same-route direction
estimation task. Scatterplots and R? values for the associations between hours and same- and different-route
direction estimation measures are shown in Figure 1 (panels A and C). In addition, experience was measured by
dividing pilots into those holding at least a Private Pilot Licence (n = 23) or no licence (n = 19), and direction
estimation error for both groups can be seen in Figures 1B and 1D. There was no significant difference between the
groups on same-route direction estimation error, t(17) = -1.75, p = .09, nor on different-route estimation error, t(17)
=0.11,p=.92

Table 2.
Pearson Correlations for Flight Hours, Spatial Orientation Test, and Silcton Measures.

sOT Direction estimation Direction estimation Silcton map
error: same route error: different routes building
Flight hours - 44%* 07 -.03 .09
SOT - -.10 -.04 -.07
Direction estimation error:
same route i i A** - S9FF*
Direction estimation error: - - -
different routes - 49%*

Note. * p < .05, ** p < .01, *** p < .001.
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Figure 1. (A) Correlation between hours and error on same route direction estimation measure; (B) Means (center
horizontal lines) and standard errors (outer horizontal lines) on the same route direction estimation measure for
pilots holding at least a private pilot’s licence versus those with no licence; (C) Correlation between hours and error
on the different route direction estimation measure; (D) Means (center horizontal lines) and standard errors (outer
horizontal lines) on the different route direction estimation measure for pilots holding at least a private pilot’s

licence versus those with no licence. Filled circles show individual scores.

Table 2 also shows that flight hours were significantly associated with performance on the SOT
perspective-taking test, where participants with more flight experience showed lower error scores. Figure 2A shows
a scatterplot of the relationship between flight hours and SOT error. A linear regression model showed that hours
significantly predicted SOT error, B = -.44, p = .004, accounting for 19% of the variance in SOT performance, R? =
.19, F(1, 40) =9.60, p =.004. Figure 2B shows SOT error for pilots holding at least a private pilot’s licence versus
pilots with no licence. Licence holders showed significantly less error on the SOT than those without a licence, t(18)
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Figure 2. (A) Correlation between hours and SOT perspective-taking error measured in degrees. (B) Means (center
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horizontal lines) and standard errors (outer horizontal lines) on the SOT for pilots holding at least a private pilot’s
licence versus those with no licence. Filled circles show individual scores.

Discussion

While we hypothesized that increasing hours of flight experience would be associated with better scores on
all our assessments of spatial cognition, more flight hours were associated only with better small-scale perspective-
taking ability and not the ability to form a cognitive map or route-based representation of a novel virtual
environment. This pattern of findings was also evident when pilots’ flying experience was categorized based on
licensure status: those holding at least a Private Pilot Licence were more accurate on the perspective-taking task than
others, but there was no difference in the virtual environment. Overall, pilots remembered specific routes more
accurately than the overall map of Silcton, consistent with other research showing that only some individuals can
integrate separate routes into a single mental map, both in real-world and virtual environments (Ishikawa &
Montello, 2006; Weisberg et al., 2013; Weisberg & Newcombe, 2015).

The lack of an association between hours of flight experience and the Silcton direction estimation measures
may be due to the difficult nature of these tasks that left little room for variation (i.e., a floor effect). In the direction
estimation tasks used here, individuals must rely on memories formed during exploration of Silcton when estimating
landmark directions. Error scores were closer to chance under these conditions than when participants are placed
back in the virtual environment to make the estimations (e.g., see Weisberg et al., 2013). On the Silcton map-
building task, hours again did not predict performance. Even though direct statistical comparisons are not possible,
the pilots in our study appear to be slightly more accurate on map building (M = .52), compared to non-pilot samples
tested with similar procedures by Weisberg et al. (2013) (M = .48) and Weisherg and Newcombe (2015) (M = .47).
So, it could be speculated that pilots are marginally better than the general population on at least one Silcton task,
even though performance within pilots does not vary according to hours of flight experience. Further research will
be necessary to support this assertion.

The finding that more flight experience was associated with better perspective taking suggests that the
skills pilots practice when flying generalize to this paper-and-pencil, non-flying task. Perspective taking involves an
individual mentally transforming her heading and demonstrating accurate knowledge of the locations of objects
relative to the new heading. Hegarty and Waller (2004) have asserted that perspective taking is distinct from mental
rotation, another small-scale task in which the individual remains in a static orientation and imagines an object
rotating around its own axis. Notably, Dror et al. (1993) found that pilots outperformed non-pilots on a mental
rotation task, so it could be that both types of spatial mental transformation are improved with flight experience. We
propose that perspective taking is actually the more critical ability in aviation, however, as updating the spatial
position of the plane and surrounding landmarks is fundamental to maintaining navigation awareness (Aretz, 1991).

Our results suggest that better perspective taking can be acquired through increasing flight experience,
although an alternative explanation is that individuals with better perspective-taking skills are more likely to
progress in aviation, while those with weaker skills drop out and pursue other careers. A longitudinal design, where
pilots are tested before flight training begins and then at specified intervals during training, is required to make
stronger conclusions about the effect of flight on perspective taking. A similar design confirmed that structural
changes in the hippocampus associated with driving a taxi were changes that occurred over the course of training
rather than via attrition of those with weaker skills (Woollett & Maguire, 2011). Nonetheless, even in the absence of
such longitudinal data, our findings here, coupled with our previous work (Sutton et al., 2014) point to better spatial
abilities in pilots than non-pilots, and an experience-dependent effect on perspective taking.
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The risk of an accident during general aviation (GA) flight increases when pilots
are required to make unexpected diversions. Specifically, a diversion may result
in loss of situation awareness (SA). Loss of SA is associated with controlled
flight into terrain, incorrect trajectory for orbiting or landing, or becoming lost en
route. In the present study, 44 GA pilots (aged 41 to 74 years) flew a cross-
country route in a Cessna 172 simulator and encountered an unexpected diversion
to an alternate aerodrome. The outcome measure consisted of a diversion
management score. Significant predictors of diversion management were pilot age
and license, a measure of prospective memory in the cockpit, and response times
from an executive cognitive function subtest of the CogScreen-AE. A model of
performance derived from a “best subsets” linear modeling algorithm included
pilot license, prospective memory, and executive function. Importantly, less skill
in managing the diversion also predicted a greater likelihood of critical incidents
during the cross-country flight. Understanding the role of pilot factors in
identifying those most at risk when flying an unexpected diversion can better
prepare pilots for these rare events, and inform customized learning opportunities
during check rides and flight instruction.

General aviation continues to show higher rates of accidents per mile flown when
compared to scheduled operations (AOPA, 2015). Thus, identifying high risk aspects of general
aviation operations, and the factors associated with these risks is in the best interest of pilots and
the public. Managing unplanned diversions, such as rerouting to an alternate aerodrome due to
weather, relies on a sequence of cognitive factors, including rapid situation awareness updating
and accurate and speedy decision-making, while safely navigating, communicating, and piloting
the aircraft (Wright, 2013). Thus, pilot characteristics, which are known to predict situation
awareness and decision-making, might also show associations with diversion management.

Situation awareness has received considerable attention in the aviation literature. Van
Benthem, Herdman, Brown and Barr (2011) found that objective measures of situation
awareness (knowledge of ownship and details and location of other aircraft) predicted the
occurrence of critical incidents during simulated general aviation flight. Case analyses of actual
accidents suggest that loss of situation awareness is associated with over 70% of pilot-caused
general aviation accidents (Endsley, 1999). The construct of situation awareness has been
described as a mechanistic model, and this model provides a framework for identifying
predictors of situation awareness. Per Endsley (1988; 1995) situation awareness relies on three
general cognitive mechanisms. The first is the perception and integration of stimuli into
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meaningful units of information. A second mechanism binds relevant information into a
comprehensive model of the environment. The third process projects the current model into a
likely future model of the environment. By this characterization, situation awareness is reliant on
several cognitive functions that work in tandem to produce accurate and frequently updated
representations of relevant aspects of the world. Situation awareness is responsive to top-down
direction such as pilot attention and goals. At the same time, some aspects of situation awareness
are affected by foundational cognitive factors such as working memory and processing speed,
which support the production of situation awareness in a bottom-up fashion (Bolstad, 2001;
Gugerty & Tirre, 2000; Gutzwiller & Clegg, 2013). Van Benthem et al. (2011) found that a
cluster of pilot characteristics, including age, experience, perceptual-motor response times, and a
situational judgement test for drivers predicted the second and third mechanisms of situation
awareness (the current and future comprehensive model, as per Endsley’s descriptions

above). Perceptual motor speed and recent flight hours were the only two factors to predict
situation awareness level one.

Decision-making during flight is also logically associated with outcomes of unplanned
diversions, though few flight simulation studies have examined the predictors or outcomes of
diversion-related decision-making. Along this line however, Goh and Wiegmann (2001) found
that poor decisions to fly visual flight rules into instrument meteorological conditions were
associated with an overconfidence in personal ability and an inaccurate diagnosis of visibility
conditions. Causse, Dehais, Arexis, and Pastor (2011) examined the predictors of a landing
decision task (due to wind factors on approach) and report that executive cognitive functions
significantly predicted the landing decision. In the landing study, the wrong landing decision
was associated with less accuracy in visual working memory updating and greater errors in
detecting rule-shifts during the card sort task (Causse et al., 2011). Similarly, Kennedy, Taylor,
Reade and Yesavage (2010) found that while flying simulated approaches older general aviation
pilots showed a less conservative response bias in comparison to younger pilots, and were more
likely to decide to land when visibility was poor. It appears that relevant predictors of decision-
making during flight may be associated with individual pilot factors such as age, basic aviator
competencies, executive cognitive abilities, and personality factors.

There appears to be considerable overlap between predictors of situation awareness and
decision-making. This overlap also supports the notion that predictive models of unplanned
diversion management will benefit from a range of factors that include cognitive functions, pilot
characteristics, and aviator competencies. In the present study, general aviation pilots flew a
cross-country route in a Cessna 172 simulator and encountered (and managed) an unexpected
diversion to an alternate aerodrome. Considering that pilot personality and basic aviator
competencies have been linked to situation awareness and decision-making we hypothesized that
a broad range of predictors would be required to account for a reasonable amount of variance in
diversion management scores. Using a “best subsets” technique for linear regression we
compared simple to more complex models of diversion management.

Methods
The present study is part of an ongoing research agenda examining general aviation,
aging and cognitive health. The sample was comprised of 44 volunteer pilots (all male) recruited
from local flying clubs and schools. Inclusion criteria included age 40 years and older, having
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flown within the last year with a valid pilot’s license and medical certification. Table 1 provides
a description of the range of pilot age and experience. The study had approval from the
university ethics review board, and all study participants provided informed consent after a
description of the study activities was provided. Pilots attended two sessions: the first session
was comprised of cognitive testing and practice flights in the simulator, and the second session
consisted of three practice patterns followed by a cross-country route and diversion scenario.

Table 1.
Pilot Characteristics

Age Licence/Rating Total Hours Flown Total Years Licensed

Mean 54.80 2.455 556.3 12.83
Standard Deviation 9.065 1.044 1281 13.42
Minimum 41.00 1.000 1.000 1.000
Maximum 74.00 4.000 8000 50.00

Notes. License/Rating was based on a four-point scale where 1 = students, 2= visual flight rules
(no additional ratings), 3 = visual flight rules with additional ratings, and 4 = instrument rated
pilots, commercial pilots, and instructors.

Simulation Environment

The simulator structure was a converted Cessna 172 partial fuselage with a cockpit
outfitted with instruments and controls specialized for flight simulation linked with Microsoft
Flight Simulator X software (FSX) (Microsoft Game Systems, 2006). Projection graphics were
produced by FSX “on the fly” and were not pre-rendered. Locations were geo specific in that
they produced terrain modeled on actual aerodromes in Canada. The graphics architecture
incorporated a broad-angle display system utilizing eight theater-quality 1080p projectors and a
14-foot tall, 180-degree curved screen to create a highly immersive visual environment. The data
application computer logged the time and the pilot’s location, airspeed, heading, bank, pitch, and
altitude at one Hertz.
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Figure 1. Cessna 172 simulator in situ with Broad-Angle Display System.

Flight Plan and Unexpected Diversion

Before entering the aircraft, pilots were briefed on a predetermined visual flight rules
flight plan. Pilots were instructed to communicate with air traffic control or ground services as
per the aerodrome. The weather experienced by the pilots was clear with no winds. The flight
plan included a short leg from a large airport to a nearby general aviation aerodrome for two
touch and gos. After departure from the small aerodrome pilots thought they were to follow a
broad river to another large airport, where they were to complete their flight. After the final
touch and go and departure from the aerodrome an unexpected instruction from ATC required
pilots to divert from their plan and fly to an alternate aerodrome, and orbit at a prescribed altitude
until further instructions were provided. A possible ground stop due to weather was the reason
provided by ATC for the diversion. The cockpit was outfitted with visual flight rules navigation
charts, a flight supplement document, and all non-electronic materials necessary for locating the
new airfield. Pilots were expected to locate the alternate airfield on the map(s) provided and to
determine an appropriate heading without assistance from ATC. Tasks also included changing
radio frequencies as necessary. Throughout the flight, pilots heard other aircraft communicating
with ATC or ground services. Listening to other pilot communication was the primary method
of determining the location and intentions of other relevant aircraft.

Two unexpected pauses of the flight scenario occurred after the initial instructions from
ATC to fly to the alternate airfield and provided the data for the diversion management
metric. The diversion management score was comprised, in part, of key elements directly
associated with the diversion and captured five minutes after the diversion message: speediness
of response (0 or 1), acknowledgement of the alternate aerodrome (0 or 1), ability to locate the
alternate aerodrome on a map (0 to 2), and accuracy in noting ownship on the map (0 to 2). An
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awareness of other key elements of the diversion were captured at a pause approximately 15
minutes after the diversion message (before the pilot returned to a final aerodrome as per ATC
instruction), which included ownship, altitude, airspeed, and heading, and location, call sign,
type, and altitude of other aircraft following similar ATC instructions (each element scored at 0
to 2 points). Pilots were also expected to make several radio calls while orbiting the alternate
airfield (0-8). All elements of the diversion management score were equally weighted and
summed to possible maximum score of 30. In sum, the diversion metric was based on the ability
determine new flight plans in a speedy manner and maintain accurate situation awareness, while
continuing to aviate, navigate, and communicate.

Prospective Memory

Pilots were expected to make radio calls at prescribed times during the
scenario. Previous work in this flight simulation laboratory (Van Benthem, Herdman, Tolton &
LeFevre, 2015) has found that pilot prospective memory for radio calls in the cockpit were
sensitive to pilot experience, workload, age, and cognitive factors. Prospective memory for
cockpit tasks have also been associated with critical incidents in the real world (Dismukes &
Berman, 2010). Due to the particular sensitivity of prospective memory for infrequent radio
calls in high workload situations (Van Benthem et al., 2015) only the calls for the mid-downwind
position in pattern flight during higher traffic volume occasions were used to create the
prospective memory metric in this analysis.

Critical Incidents

All critical events related to piloting behaviour were recorded during the flight
simulation. Critical incidents included dangerous landings, incorrect response to ATC
instructions, mis-dialing radio frequencies without detection etc. To avoid the inflation of a
possible relationship, critical events occurring during the diversion management portion of the
scenario were not counted in this performance metric.

Executive Cognitive Function

CogScreen-Aeromedical (AE) is a computerized cognitive screening tool designed to
assess cognitive processes deemed relevant to the complex tasks of an aviator (Kay, 1995).
CogScreen-AE measures attention, immediate and short-term memory, working memory, visual-
perceptual functions, sequencing functions, logical problem solving, calculation skills, reaction
time, and dual-task processing. CogScreen-AE testing was conducted using a Windows XP
computer with Elo -Touch systems 2216 AccuTouch USB Touch monitor (Elo Touch Solutions).
Eleven subtests of the CogScreen-AE were administered: Backward Digit Span, Math, Visual
Sequence Comparison, Symbol Digit Coding, Matching to Sample, Manikin, Divided Attention,
Auditory Sequence Comparison, Pathfinder, Shifting Attention, and Dual Task. The CogScreen-
AE was administered to all the pilots in their first session. Only the Shifting Attention subtest
was used in the present analysis because of its strong association with executive functions (Kay,
1995). In the Shifting Attention subtest participants determine and then update a repeatedly
changing rule, which relates to the direction and colour of arrows and governs correct selection
of arrow stimuli.
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Results

A best subsets linear regression analysis was undertaken to determine the relative
importance of each predictor. Despite the strong bivariate correlation found for age and the
diversion score (see Table 2), age was not a significant predictor in the final model. The best
combination of factors included pilot license, executive function, and prospective memory,
r’=.42. As shown in Table 2, the executive function factor (a response time metric) was strongly
correlated with pilot age. Replacing executive function with age in the final model resulted in a
drop of 11% of accounted variance, thus executive function was a more informative variable
than age alone. In order of importance the variables were executive function, license,
prospective memory, and age.

Table 2.
Correlations between Diversion Scores and Predictors

Age Licence Executive Function PM
Diversion Score -0.457** 0.336 -0.527 ** 0.537**
Age — -0.007 0.496 *** -0.265
Licence — 0.025 0.132
Executive — -0.426*

Function

*p<.05 **p<.01, *** p<.001. N=34 due to random missing data. The relationship of
executive function and diversion management is negative because the cognitive metric is based
on participant response times.

A linear regression using Bayesian statistical analysis was also completed to confirm the
order of importance of each variable, as the final linear regression results were quite different
from the pattern of bivariate correlations. Bayes Factors (BF) also demonstrated that the
combination of executive function, prospective memory, and pilot license best predicted
diversion performance (total BF= 131.8). Although, when the factors were examined
individually, age (BF= 6.9) was a stronger predictor than license (BF=1.5).

Finally, the relationship of diversion management to critical incidents was examined
using a Pearson correlation analysis. A significant negative relationship was shown, such that
more a higher number of critical incidents were associated with lower diversion management
scores, r=0.343, p=.047.

Conclusion

The present findings suggest that pilots with poorer executive functions (perhaps
associated with older age), lower levels of expertise, and difficulty with prospective memory in
high workload situations may be at risk for poor outcomes from unplanned diversions. Low
scores for diversion management were associated with a greater likelihood of critical incidents,
suggesting that diversion management assessment may also provide an indication of general risk
during flight. Corroboration for these results are found in a study of self-reported incidents and
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accidents: O’Hare (2006) found that pilots who had experienced critical incidents, in contrast to

those pilots with no history of incidents or accidents, were also significantly more likely to have

experienced weather-related diversions. Either choosing not to, or showing an inability to follow
ATC instructions, and quickly locating ownship and alternate airfields on a well-known aviation
chart may be a warning sign to any pilot who flies cross-country.

A key finding in the present work was that cognitive factors were shown to be more
informative than pilot age and experience in relation to diversion management. This superiority
of cognitive assessment over pilot age was also shown in similar work examining predictors of
pilot deviations during pattern flight (Van Benthem & Herdman, 2016). Thus, pilot screening for
cognitive factors, such as executive functions and prospective memory for cockpit tasks may be
promising methods for reliable identification of at-risk pilots. Understanding the role of pilot
factors in identifying those most at risk when flying an unexpected diversion can better prepare
pilots for these rare events, and inform customized learning opportunities during check rides and
flight instruction.
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Articulation work is an overlooked requirement for successful human-machine
teams. Articulation work captures the often hidden task management activities
human-human teams regularly perform in response to functional dependencies
amongst team members. While human-human teams demonstrate articulation
work through language, human-machine teams currently do not. Aviation is
replete with examples, from the superficially mundane adaptation inherent in the
turnaround of commercial aircraft to the life-threatening misunderstanding in
Turkish Airlines Flight 1951 and Asiana Flight 214. Current research in human-
machine language-mediated interaction has failed to study tasks that are
sufficiently complicated to require articulation work, resulting in a misleading
optimism about the state of the art. More realistic scenarios in human machine
teaming will promote attention to this fundamental limitation and motivate the
development of analogous capability.

For several decades, initiatives such as crew resource management acknowledge team
processes as critical to performance and safety. As both military and commercial aviation evolve
in a stream of technological advances, human-machine teams are a new possibility and goal.
Legacy frameworks for designing automation-based technologies are a natural starting point for
human-machine teams. However assumptions of a static environment make these frameworks
inherently rigid and brittle. In contrast, human-human teams are particularly fluid in the dynamic
task management activities known as articulation work, typically accomplished through natural
language dialogue. While natural language technology could enable human-machine articulation
work, current technology assumes overly simplistic tasks and notions of cooperation, omitting
articulation work as a requirement. This position paper argues that 1) articulation work is critical
to the success of human-machine teams just as it is in human-human teams, 2) frameworks for
designing human-machine teams do not allow for sufficient articulation work, 3) current
language technology does not support articulation work, 4) requirements for articulation work
using dialogue must drive new research and development.

The Importance of Articulation Work
Cooperative work in a dynamic environment necessitates articulation work, that is, task
management activities aimed at functionally decomposing a task, negotiating goals, identifying

dependencies, and divvying up who will do what and when. Articulation work establishes the
team’s varying functional dependencies, that is what team members are committed to doing and
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what other teammates are depending on them to do. Schmidt and Simone (1995) note that
articulation work also serves to improve collaborations as team members:

tacitly monitor each other; they perform their activities in ways that support coworkers’

awareness and understanding of their work; they take each others’ past, present and

prospective activities into account in planning and conducting their own work (p. 17)

Articulation work obtained prominence in research areas focusing on teamwork and team
performance, such as computer supported cooperative work (CSCW; Schmidt and Bannon,
1992; Malone and Crowston, 1990). Importantly, the articulation for a particular situation is not
rigid, it’s adapted as members leave and join the group, become fatigued over time, demonstrate
competence or incompetence, learn new capabilities, or deplete certain resources. The hallmark
of articulation is how it enables robust teamwork in the face of the moment-by-moment
unexpected—uncertainty and environmental perturbations that cause a collision between the
team’s plans and execution. Teams discuss the nature of perturbations, their existing plans and
commitments, and discuss whether or not the perturbations merit a change in approach from one
or more members.

Consider what a team of airport and airline employees must face while performing
turnarounds, the process of taking a plane that’s just arrived, unloading and servicing it, and
loading it again so it can take off again (Wales, O’Neill, Mirmalek, 2002). Articulation work
allows a team to discuss perturbations as well as existing constraints and determine how to
respond in concert, continuing the interdependent activities required to meet the goals. While the
flight schedule determines resourcing staff and equipment, perturbations emerge in the form of
flight delays, changes and cancellations due to weather and mechanical problems. When a flight
is canceled and passengers are moved to another plane by operations personnel, bag handling
personnel have to accommodate these changes. Turnarounds take longer or shorter than
expected, spawning gate changes. Staff members report in ill or equipment breaks, such as fuel
or catering trucks. On close inspection the plan never unfolds exactly as anticipated, but (hidden)
articulation work fills in the gaps, including gaps in the technology, to create the misleading
impression of (mostly) seamless integration.

Historical Human-Machine Frameworks

Legacy frameworks for designing automation-based technologies are a natural starting
point for human-machine teams. Fitt’s (1951) list men-are-better-at, machines-are-better-at
(MABA-MABA) approach seeks to divide responsibility between humans and machines. It
accomplishes this by identifying the (relatively) superior capabilities of humans and machines
and then allocating tasks to whomever or whichever is the most proficient. Allocations suggested
in the Fitt’s list have been commonly understood as static assignments (see de Winter & Dodou
2011 for discussion). Later researchers identified the MABA-MABA approach as overly
simplified and sought to have multiple levels of automation that can be isolated for different
stages (e.g., Parasuraman, Sheridan, & Wickens, 2000). However, the levels of automation
framework remains rigid. These use static task decompositions rather than allowing for
articulation work. Dynamic function allocation, adaptive automation with machine-initiated
changes, and adaptable automation with human-initiated changes (for a review see Scerbo,
1996), though they provide for change, are insufficient. These approaches have predefined the
possible changes, the notifications of change, and the triggers for changes. Consistent with
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Norman (1996), fine-grained articulation work is always necessary to generate novel team
structures or distribution of responsibilities, provide flexibility in how to notify team members of
change, and use triggers that can’t be predicted or exhaustively programmed. Moreover, changes
in automation status are poorly communicated to human teammates and therefore often missed,
leading to mode confusion and automation surprise (Sarter, Woods & Billings, 1997). While
Woods (1996) recognizes the expansive consequences of new automation on the distribution of
responsibility, the molar time-scale of work practice adaptation neglects the moment-by-moment
adaptation that teams require. Coactive design is a relatively new approach that seeks to detail
human-machine interdependencies (Johnson, Bradshaw, Feltovich, Jonker, van Riemsdijk, &
Sierhuis, 2014), however its breadth lacks specific guidance for dialogue system development.

Functional Dependencies in Aviation Accidents

Machines in use are currently inept at articulation work. Typically, expert humans resort
to workarounds to distribute the functions amongst system members while managing the tasks
supposedly distributed to the machine. Two similar commercial aviation accidents support this
assertion: Turkish Airlines Flight 1951 and Asiana Flight 214. In each of these accidents, the
humans were depending on the machine to perform a function, the machine was not aware the
human was depending on it and the humans were not aware of the machine’s tacit decline of
responsibility. In both accidents, the critical function was to maintain thrust on approach through
the autothrottle.

Turkish Airlines Flight 1951. On 25 February, 2009, Turkish Airlines Flight 1951
crashed during its approach to the Amsterdam Schiphol airport. The first officer as pilot flying
was using Line Flying Under Supervision, which utilizes the autothrottle for airspeed control.
Though the pilot flying and the crew were relying on the autothrottle to maintain the airspeed of
the aircraft on the approach, the aircraft could not be informed of this functional dependency.
Rather, the flight crew attempted to create the airspeed function through management of the
autothrottle mode selections. The approach was higher than the glidepath, so a member of the
flight crew selected the “vertical speed’ mode to increase the descent. After this change, the
autothrottle entered RETARD mode, which was displayed on the left and right primary flight
displays, and the autothrottle moved the thrust levers into the idle position. In contrast to crew
assumptions, the autopilot would not maintain airspeed in this configuration. However, the
machine’s exclamation of RETARD to the flight crew was unspecific and did not communicate
the breakdown of the expected function. There are two types of RETARD, one for flight level
changes and one for flaring to land, and the primary flight display annunciation panel does not
distinguish between the two (Silva and Hansman, 2015). The type of RETARD depended on the
altitude information reaching the autopilot, with a threshold altitude of 27 feet. The autopilot
believed the aircraft to be below 27 feet in altitude because the autopilot was receiving and using
erroneous altitude data indicating the aircraft height at -8 feet, which disagreed with the altitude
data presented to the pilot flying. The pilot’s primary flight display showed a conflicting but
correct altitude status, leading to confusion over the situation. Ultimately, the lack of clear
functional dependency and the misunderstanding about the meaning of RETARD led to an
unrecoverable stall and the aircraft crashed killing 9 and injuring 117 (Dutch Safety Board,
2010).

Asiana Flight 214. An accident of similar origin occurred when Asiana Flight 214
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crashed on July 3rd, 2013 during approach to San Francisco International Airport. Asiana has an
informal practice for visual approach of turning off both flight directors and then turning back on
the pilot monitoring’s flight director during the approach (National Transportation Safety Board,
2014). This practice results in the autothrottle entering speed mode and determines a distribution
of functions: the autothrottle maintains airspeed and the pilot flying can focus on pitch and roll.
In Flight 214, the aircraft was above the glidepath and needed to descend. The informal practice
of toggling the flight director was followed ‘loosely,” both flight directors were not off at the
same time and therefore speed mode was not entered. The pilot flying moved the thrust levers
and inadvertently caused the autothrottle to change to HOLD mode. The HOLD mode created a
breakdown in the function of maintaining airspeed—HOLD deactivated automatic airspeed
control. The burden of recognizing the mode change and the implications for the function being
provided in the approach falls on the flight crew, but they did not note the change to HOLD
mode. These events led the aircraft to descend below the glidepath at a high rate and collide
with a sea wall, killing 3 and injuring 187 (National Transportation Safety Board, 2014).

Both cases hinge on the absence of human-machine articulation dialogue concerning the
retention or abandonment of otherwise tacit commitments to act. These problems with managing
functional dependencies are relatively simple when compared to the envisioned applications for
human-machine teams.

Implications for Human-Machine Communication

Human teams routinely perform articulation work through dialogue. Research into
human-machine communication and natural language dialogue has exerted a great deal of effort
studying and improving clarification of utterances or lexical ambiguities, but not communication,
clarification or negotiation of functional dependencies, which require a more complicated
ontology including agent beliefs (e.g., Clancey, Sierhuis, Damer, & Brodsky, 2005). Many of the
classic human-machine communication tasks do not provide opportunity for articulation work
and therefore do not reveal these deficiencies.

Common application domains for natural language processing, such as shopping and
navigation, are restricted and fail to address the ways in which these tasks vary. As the scope of
artificial intelligence grows and natural language processing technologies become more
integrated into work practices, their applications will not be limited to the subset of activities
with overly simplified team processes. When a richer task is used, such as a collaborative
problem-solving task similar to the board game Clue (Traum & Dillenbourg, 1996), the
proportion of communication spent on articulation work is apparent. In particular, the authors
noted a frequent topic was decomposition of who does what and when. Simple tasks lead to the
impression that a simple ontology can work, whereas a moderately complex task (still quite
simple in comparison to the wild) easily sets a high bar for a rich ontology comprising not just
the task content but the possible conceptualizations and organizations of the cooperation.
Research is needed to push dialogue-mediated tasks into more realistic scenarios that will require
articulation work.

Future Research

The persuasive macro-level case for articulation capability does not provide concrete
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requirements for designers and software developers for building natural language interfaces. We
specify three topics that should shape the research agenda.

Initiate team research utilizing task settings that require articulation. A primary goal
of future research should be to have some aspect of the task that prompts articulation work. We
envision articulation work to be prompted by an element of dynamic disparity in the task context
that differs between partners and thus affects the rate of progress for one of the partners, which
merits announcing to or discussing with the other partner. This could be due to a change in a sub-
goal of the task, which requires discussion of a change in strategy, approach, sequence, or the
like. This could also be due to introducing a problem that perturbs the existing strategy.

Formalizing a taxonomy of articulation work. A taxonomy is needed to enable
diagnosis of the disconnects between human and machine teammates. Research programs from J.
Allen, H. Clark, and J. Searle provide theoretical inspiration. A critical requirement is a
conceptual distinction between real-time execution and planning activities (Shalin, 2005). It is
the interaction between execution and planning, frequently initiated by a perturbation, that
spawns articulation dialogues. While resources such as Aviation Safety Reporting System and
specific accidents provide data, what is required is the conceptual framework to generalize the
limitations, across instances in aviation and ideally, extending to other domains including
laboratory tasks. Being accountable for providing a specific function is one facet of this
taxonomy. Terminology grounding (e.g., which meaning of RETARD) and explicit task
completion acknowledgement (as in toggling the flight director) is another.

Translate articulation requirements into functional machine analogues. Attempting
to replicate human team members with machines is fraught with philosophical problems and an
impractical near term goal at best. Nevertheless specific functions are well within technical reach
without imbuing technology with human processes, e.g., for clarifying the grounding of
terminology, confirming mode change communications are received, identifying that a functional
dependency will not be upheld. These functions will drive the requirements for natural language
interfaces.

Conclusion

In this position paper, we have argued that 1) articulation work is critical to the success of
human-machine teams just as it is in human-human teams, 2) frameworks for designing human-
machine teams do not allow for sufficient articulation work, 3) current language technology does
not support articulation work, 4) requirements for articulation work using dialogue must drive
new research and development. Human-machine teaming research to date has largely ignored the
challenge of articulation work and cannot ignore it any longer.
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FACILITATING COMMUNICATION FOR AVIATION TRAINING AND MAINTENANCE
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Maintenance errors are the primary cause of approximately 8% of commercial
aircraft accidents worldwide. One factor that contributes to human errors is
miscommunication. Clear communication is critical in aviation education and in
aviation maintenance operations. A fundamental concept for clear
communication is both the transmission and receipt of a common message. This
research explores the miscommunication and misinterpretation of instructions
used in maintenance training. Miscommunication may be due to ambiguity, use
of jargon, and different individual interpretations and methods for standard
practices. First, an example of a commonly misunderstood process is identified.
Next, enhanced training tools are developed to reduce the likelihood of
miscommunication. These enhanced training tools include detailed illustrations
and the addition of descriptive text to provide more information, including
additional physical characteristics and technical context. Finally, the proposed
training aids are assessed in a controlled study to determine their effectiveness.

The Purdue University School of Aviation and Transportation Technology offers an
Aviation Engineering Technology (AET) bachelor’s degree that includes the opportunity for
students to participate in a Federal Aviation Administration (FAA) 14 CFR Part 147 program.
Students who complete the Part 147 program are eligible to for Airframe and Powerplant (A&P)
certification, the designation for licensed aircraft mechanics. One course required to meet the
Part 147 requirements is Advanced Aircraft Powerplants, which involves learning maintenance
and overhaul procedures for reciprocating aircraft engines.

One of the laboratory activities the students perform in the Advanced Aircraft
Powerplants course is manually adjusting the valve clearance, the amount of space between the
valve stem and the rocker arm, on a Lycoming O-290 engine. The students are given a Service
Instruction written by Lycoming as the procedure for completing the laboratory activity. One
problem the students encounter is that the Lycoming Service Instruction was written for trained
mechanics, not students. In previous years, the instructor would demonstrate the process to a
small group of students, and they would only use the Service Instruction as a reference, not their
primary source of instruction. As class sizes grow, instructors are not able to give as much
individualized attention to the students. The students need to be able to learn more independently
and the course materials need to communicate instructions clearly.

The research objective of this study is to assess the effectiveness of training tools that
provide more technical context and descriptive illustrations. We hypothesize that enhanced
training tools will reduce the likelihood of miscommunication so students will be better able to
understand the instructions and learn independently. The objective of this paper is to describe
the research and the methodology, and present preliminary results.
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Literature Review

The Federal Aviation Administration (2014) states the importance of communication for
aviation maintenance in The Operator’s Manual for Human Factors in Aviation Maintenance. A
research study in 2007 found that in eight percent of the commercial aircraft accidents from 1990
to 2006, the primary cause was maintenance. The leading factor for the FAA initiating Letters of
Investigation (LOI) and taking administrative action on Aircraft Maintenance Technicians
(AMTS) is failure to follow written procedures. Approximately 83% of maintenance Aviation
Safety Reports (ASRs) from 2010 to 2013 were related to technical publications and other
written company procedures. Training is a critical activity in the aviation industry, and it is
identified as the top intervention for risk reduction (Federal Aviation Administration, 2014).

According to Chaparro and Groff (2002) in Human Factors Survey of Aviation Technical
Manuals, an analysis of aircraft maintenance error causation ranked information as the highest
contributing factor. Only a small number of the errors attributed to information were due to
incorrect data, however, and more often the technicians did not refer to the information,
misunderstood the information, or disregarded it in favor of an alternative method of performing
the maintenance procedure. While this problem could be addressed through training or
disciplinary action, it could also be a result of a problem with the usability of the technical
documents (Chaparro & Groff, 2002).

The usability of aircraft manuals “includes how easy they are to use, how well they match
the technician’s representation of a task, how easy they are to read and interpret, and how useful
the information is they contain” (Chaparro & Groff, 2002, p. 2). If the maintenance manuals
contain misleading information, insufficient information, or unclear procedures, they can
contribute to maintenance error. The work in Human Factors Survey of Aviation Technical
Manuals researches the human factors issues in the development of aviation technical manuals
and recommends improvements to the documents (Chaparro & Groff, 2002).

The results of the survey indicate that the documentation provided to maintenance
technicians needs to contain accurate technical information and needs to be presented in a way
that matches the way technicians actually do their job. A high percentage of survey responses
were “disagree” or “strongly disagree” to the questions “the manual describes the best way to do
a procedure” and “the manual writer understands the way | do maintenance.” These responses
show that manual usability is a common problem, and the potential consequences of these
problems are the safety, speed, and cost of aircraft maintenance. The recommendations for
addressing usability problems are increased feedback from the users, including an error reporting
system, and controlling formatting consistency and reading level through standardization
guidelines, including the ordering of procedural steps, the wording of procedures, the use of
illustrations, and the level of detail (Chaparro & Groff, 2002).

A Design Aid for Improved Documentation in Aircraft Maintenance: A Precursor to
Training provides background, research, and recommendation for writing documentation that
reduces the likelihood of errors. The demand for error reduction in aviation maintenance is
increasing, and the study evaluates a tool to help present complex work instructions in a way that
will minimize error opportunities. The FAA Office of Aviation Medicine (FAA/AAM) has been
funding research into human error, and one area studied was the information environment of the
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people performing inspection and maintenance activities. They found that much of the
paperwork used to control hangar-floor activities did not follow good human factors practice.
Aviation maintenance documentation is often used under non-optimal environmental conditions
and with time stress, so any means of reducing errors, such as better workcard design, is cost-
effective (Drur & Abdulkadir, 1997).

Drur and Abdulkadir (1997) undertook their study to provide a job aid for document
writers to help them apply good human factors practices to their documents. They worked with
an airline partner to examine existing workcards for specific problems using task observation,
interviews with mechanics and inspectors, and survey data. Existing human factors research
findings were also used to determine good practices. The research resulted in a Document
Design Aid (DDA) that was arranged in steps, with sign-offs at each step, that could be used as a
checklist to ensure that a document was well designed (Drur & Abdulkadir, 1997).

The researchers then evaluated the DDA for its usability and effectiveness. Usability was
defined as a job aid being usable for its intended purpose by intended users, and effectiveness
was defined as whether or not the intended users perform their job better with the job aid. A
sample of intended users were assigned the task of modifying and existing engineering order
(EO) to conform to the guidelines in the DDA. Usability was measured by user rating scales, and
effectiveness was measured by comparing the changes made to the EO by each user to a master
list of changes made by expert users. Users had sixty minutes to mark up the test EO, and they
found and average of thirty-five percent of the changes suggested by the experts. The researchers
considered this performance to be adequate because most of the major changes were found (Drur
& Abdulkadir, 1997).

The literature review indicates that maintenance is a critical part of aviation safety, and
that misuse or misunderstanding of documentation are leading causes of error. It also establishes
the importance of measuring the usability and effectiveness of technical publications in order to
decrease the occurrences of miscommunication and the resulting errors.

Method

The participants in this study were students enrolled in the Advanced Aircraft
Powerplants class at Purdue University during the spring semester of 2017. The students in the
class are working toward earning their FAA A&P certificate. Twenty-six students were enrolled
at the time of the study.

The study was true experimental research with experimental and control groups. The
participants were randomly assigned into two groups by drawing their name out of a hat. The
students assigned to the control group were given the original set of instructions in the existing
lab manual. The students in the experimental group were given a set of instructions enhanced
with pictures and more description in addition to the original set of instructions. The participants
were directed to perform the valve clearance laboratory activity.

The researchers observed the students as they performed the laboratory activity. The data
collected was the date, the student’s participant number, whether or not the student received the
enhanced instructions, the number of attempts the student took to complete the activity, the
amount of time taken to complete the activity, the student’s perception of the quality of the
instructions, and what questions the student asked during the project. The researchers also
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recorded comments on the types of errors the students made during the process. An attempt was
defined as each time a student tightened the jam nut on the rocker arm. The valve clearance
laboratory activity was considered complete when the student was able to set the distance
between the valve stem rocker arm and demonstrate to the instructor that it was within the
manufacturer’s limitations. The student’s perception of the quality of the instructions was
measured on a scale of one to five.

Preliminary Results

Preliminary observations suggest that the primary metric to evaluate the quality of the
instructions may be the number of questions the students ask while performing the laboratory
activity. This metric reflects a student’s ability to understand the instructions on their own, and
predicts how much time the instructor would need to spend with individual students to provide
support information needed to complete the lab. Fewer student questions indicate that a student
has a better understanding of the process, presumably due to better instructions, which allow the
student to learn more independently with less instructor involvement. The questions the students
ask and the researchers’ comments on the errors the students make also provide insight into the
types of problems encountered during the learning process. The specific questions can be used to
further improve the instructions.

The number of attempts the students take to complete the activity and the student
perception of the quality of the instructions appear to be useful measures reflecting the quality of
instruction. These measures appear to suggest differences between the current and proposed
instructions based on preliminary results.

The amount of time students take to complete the activity, however, may not be a reliable
metric to assess the quality of the instructions. A student using the current instructions written for
experienced mechanics could become frustrated earlier in the process and ask the instructor for
help sooner, which could allow them to complete the activity in less time than a student who
works independently with the enhanced instructions. Alternatively, a student may find the
enhanced instructions help them to work quickly through the activity while a student using the
current instructions may take time to struggle to understand the process.

Further research is needed to fully determine the effectiveness of the enhanced
instructions. Increasing the sample size in this study would reduce the impact of any outliers
within the population. For example, some students have more mechanical experience in general,
which would affect their performance. A larger sample size would encompass a broader range of
abilities. In addition, some students did not follow the procedure correctly, but still managed to
produce acceptable results. The researcher observing these students attributed their successful
completion of the activity to luck, which would also have less of an effect in a larger sample size.
The current study also does not address if the enhanced instructions enable the students to better
retain the information they learned. This may be likely, since often visualization techniques are
recommended as memory aides. Adding a secondary evaluation to assess how well the students
remember the process after some time has passed (perhaps two weeks or a month) could lend
another dimension to assess the effectiveness of the enhanced instructions.
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Aviation English (AE) is the “primary dialect” of international aviation. Demonstrably, AE and
Conversational English (CE) are distinct varieties of English. Past research shows that AE is
spoken more rapidly, with less inflectional variation and different rhythm than CE. Differences are
strong enough that AE and CE may not be mutually intelligible. However, flight students are not
trained in AE production and perception prior to flight training. This study examines the
intelligibility relationship between AE and CE by comparing native English speaking non-pilots
and native English speaking pilots responding to actual air traffic controller transmissions. A
difference between these groups was predicted, given their comparative AE familiarity. However,
the difference in AE intelligibility proved to be stronger than expected. Additionally, results from
licensed pilots indicate that AE learning continues with flight experience, suggesting there may
not be adequate training prior to reliance on AE in flight.

Aviation English is the mandatory language for pilots and air traffic controllers (ATC) at international
airports, if they do not share a first language. Proficiency in Aviation English (AE) and conversational English (CE)
are required by the International Civil Aviation Organisation (ICAO), yet little is known about how AE and CE
interact in language learning and usage. These requirements as well as AE training conventions are based on the
assumption that CE proficiency aids in AE proficiency, although this may not be the case (see discussion of “plain
English” in Background section below). Indeed, past research shows that AE is different from CE in ways that may
affect intelligibility (Trippe & Baese-Berk, submitted). The current study examines AE intelligibility differences
between native English speaking pilots and native English speaking non-pilots. If AE is not intelligible to CE
speakers without aviation experience, CE proficiency cannot be sufficient to predict AE proficiency. The goal of this
research is to further establish the intelligibility relationship between AE and CE and influence development of
effective AE training to improve international flight safety.

Aviation English Description

AE is a variety of radiotelephony developed to convey critical information between pilots and Air Traffic
Control (ATC). Although AE includes both standard phraseology and “plain English”, in this study the term
Aviation English (AE) is used to denote standard phraseology and “plain English” is referred to as such. Ambiguity
in AE is avoided by fixing a single meaning to each word and phrase. Words whose pronunciation may cause
confusion are assigned distinct pronunciations. For example, AE require that five and nine be pronounced fife and
niner. Additionally, word and phrase inventories of AE are restricted. Articles, prepositions and possessives are not
used except to resolve ambiguity. Any ambiguous word is given a single meaning or substituted with another word.
AE standard phrases use lexical topic identifiers and specific number expressions to signify aviation topics. For
example, wind three fife zero at one two, or turn right heading three fife zero both use single digits to express
direction, but each phrase has a lexical identifier denoting the aviation topic addressed (i.e. wind v. heading).
Lexical and grammatical differences as well as environmental factors (i.e. multiple speakers, no face-to-face contact,
signal static and reduced frequency range), lead to differences in the sound profiles of AE and CE. AE is faster than
CE, with fewer intonational cues and a different rhythmic signature than CE (Trippe & Baese-Berk, submitted).
These differences could make AE unintelligible to CE speakers.

Aviation English Regulation

High loss-of-life accidents caused in part by communication problems (Cookson, 2011) compelled ICAO
to require AE proficiency in international airspace as of 2011. However, this requirement has yet to be thoroughly
operationalized. While ICAO has published general proficiency-rating guidelines, there is no agreed upon standard
protocol by which to attain or prove proficiency. Dozens of tests have been developed internationally and several are
in use, although ICAQ recognizes only one (English Language Proficiency for Aeronautical Communication). The
new requirements also pertain to CE proficiency (ICAO, 2004), although the vast majority of pilot-ATC
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communication is in AE, which was designed to convey all typical transactions. When AE is not sufficient to
convey messages, ICAO regulations stipulate the use of “plain English”. Generally this caveat applies to unusual or
emergency situations. Although the implementation of AE recognizes the need to keep communications succinct and
unambiguous, it is impossible to control for these needs in “plain English”, because the parameters of “plain
English” are not defined. Native English speakers often speak quickly and colloquially during times of duress.
Although such interactions usually aid in clarification of complex situations between native English speakers, these
communications may not be comprehensible to non-native English speaking interlocutors (Kim & Elder, 2009).
Additionally, second language English users have more difficulty conversing in CE under conditions of stress or
high cognitive load that typically trigger “plain English” use in native speakers (Farris, Trofimovich, Segalowitz &
Gatbonton, 2008). Further, the requirement to use “plain English” is confounded by the fact that there exists no
consistent guidance as to what is meant by plain English. The regulatory intent is clear: this English variety should
be readily understandable to one’s interlocutor. Unfortunately, it is impossible to ascertain what level of English
proficiency, or indeed what model of Standard English, one’s interlocutor has. In fact, language experts recommend
“plain English” be avoided as much as possible in aviation communications (Day, 2004: Moder, 2012). AE fluency
reduces repetitions, delays, and misunderstandings.

As the international flying community becomes more diverse, pilots will operate in airspace and on crews
with individuals from different language backgrounds, increasing the potential for misunderstanding and
miscommunication (Kim & Billington, 2016). In this environment, it is critical to utilize AE standard phraseology,
to reduce the potential for confusion as much as possible. Rather than relying on *“plain English”, consideration
should be given to expanding AE so that unusual situations may be addressed using this clear and constrained
format and lexicon.

Aviation English Testing and Training

Testing. Newly developed AE testing protocols differ greatly. However, a common element of AE tests is
a face-to-face interview with a language evaluation specialist wherein the pilot must discuss unusual situations that
may arise while flying, to determine if they have a working knowledge of aviation terminology and can convey
ideas in CE. Interviews are typically conducted by English-language teaching specialists who are not aviation
professionals nor fluent in AE. This type of testing does not evaluate AE speech used in most pilot-ATC
interactions. In fact, listening and responding to actual ATC transmissions may not be included in the pilot’s
proficiency test, although this is the vast majority of pilot communications (Alderson, 2009). Additionally, when
ATC speech is used in testing, it is created for that purpose and is often slower, without static, accents and multiple
speakers that occur in actual transmissions. Therefore, passing an AE proficiency test does not guarantee a pilot’s
ability to fulfill their job requirements. In their study of non-native English speaker ATC oral proficiency, Moder
and Halleck (2009) found that there was no consistent relationship between AE and CE scores. Additionally, Kim &
Elder (2009) asserted that CE-focused testing protocols unfairly benefit native English speakers, who are assumed to
be fluent in AE, but often do not comply with AE standard phraseology.

Training. The standard for AE training has long been that radiotelephony is learned simultaneously with
flight training. It is assumed that pilots will learn through immersion: monitoring and interacting with ATC.
Anecdotally, it is common knowledge that student pilots are as anxious about talking on the radio as they are about
flying the plane. However, the AE immersion strategy has been adopted as the model for non-native speakers
training in native English speaking countries, which is where a great deal of international commercial flight training
takes place. Although many flight-training programs for non-native English speakers include language training, AE
courses are designed by English language teaching experts in consultation with aviation professionals, focusing on
face-to-face communication in CE with emphasis on aviation terminology. AE instructors are generally not fluent in
AE. This learning environment does not reflect pilots’ experience or needs. In actual flight conditions, pilots must
interpret messages through static and reduced frequency range, without seeing their interlocutor. If AE is as different
from CE as prior research indicates (Trippe & Baese-Berk, submitted), training in CE with non-AE speakers will not
enhance AE skills as much as dedicated AE training will.

Aviation English Intelligibility

To further understand the intelligibility relationship between AE and CE, it must be determined if native CE
users can understand AE and vice versa. The current study addresses the first of these proposals, examining the
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differences between native English speakers with and without AE experience, perceiving actual ATC transmissions.
If AE is intelligible to CE users, then teaching and testing CE for aviators is practical. If AE is not intelligible to CE
users, teaching and testing of CE for aviators may be a misuse of time and energy.

Method
Participants

Two groups of native English speaking participants were recruited for the study. The non-pilot population
was made up of 26 (17 female) University of Oregon undergraduates, mean age 20.69 (SD = 3.03). The pilot
population was made up of 23 licensed pilots (4 female) from Lane Aviation Academy and Hillsboro Aero Academy
in Oregon, mean age 28.30 (SD = 7.77). The pilot group consisted of licensed pilots ranging in age from 19 to 55
(median = 26) with flight hours from 67 to 7000 (median = 350), including 4 to 2500 hours under Instrument Flight
Rules (median = 56 hours).

Procedure

Participants performed three verbal repetition tasks, starting with a 15-minute verbal working memory task,
followed by a five-minute Standard American English intelligibility task to establish CE competency. A 15-minute
AE intelligibility task concluded each trial. Tasks were self-paced and computer-administered using Psychopy
(Peirce, 2007) software. Participants completed language background questionnaires reporting other language and/or
professional radio experience. Working memory (WM) was evaluated using the Word Auditory Recognition and
Recall Measure (WARRM) (Smith, et al., 2016) which required participants to repeat Standard English
monosyllabic audio stimuli with intervening unrelated cognitive tasks. WM was scored on a scale from 2 to 6 points,
reflecting the number of words the participant was able to remember consistently. This score was then multiplied by
16.67 to make the highest possible score 100, to be comparable with percentage scores for the other tasks.

The second task was a CE intelligibility task in which participants repeated ten sentences from the Harvard
Sentence recordings (Open Speech Repository, 2016) which were approximately fifth grade reading level,
phonetically balanced for Standard American English, and from seven to ten words long. Responses were tape-
recorded for later analysis. Score for the CE task was the percentage of words correctly reproduced of the 83
possible words in the ten CE sentences combined.

The third verbal repetition task was an AE intelligibility task in which participants repeated 84 ATC
transmissions selected from the Air Traffic Control Complete corpus (Godfrey, 1994), based on number of topics
and terminology. Since past studies indicate that subjects show a sharp decrease in navigational performance for
transmissions with more than three propositions (Farris & Barshi, 2013), selected transmissions were limited to two
topics (i.e. [traffic no factor] [turn right heading two zero zero]). Half of the selected ATC transmissions had one
aviation topic and half had two. Equal numbers of transmissions were chosen from 22 (3 female) apparently native
American English ATC. Responses were tape-recorded for later analysis. Stimuli were pseudo-randomized so that
every dozen transmissions included an equal number of one- and two-topic tokens. AE task transcription was done
by two trained lab technicians and the first author. Inter-coder reliability tests resulted in 98% agreement. Words
were correct if they were in order relative to other words in the transmission (see Table 1).

Table 1.

Sample Points Awarded for Participant Response

Original | TURN | RIGHT | .. | HEADING | .. | TWO | FOUR | ZERO | (6 words)

transmission

Response right turn heading zero two zero

Points 0 1 0 1 0 1 0 1 4

Percentage 66.67
Results

Statistical Analysis
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Verbal repetition task scores by group. Pilot group average for the CE task (M = 95.55, SD = 3.55) did
not differ significantly from non-pilots’ CE scores (M = 97.00, SD = 3.11) (t (44.12) = 1.52, p = 0.14). Nor did
pilots” WM task scores (M = 77.30, SD = 13.60) from non-pilots’ WM scores (M = 71.82, SD = 16.56) (t (46.77) = -
1.27, p = 0.21). However, Average pilots’ AE task scores (M = 87.97, SD = 18.22) were significantly higher than
non-pilots’ (M = 57.27, SD = 26.18) (t (46.69) = -15.81, p < .001). The only apparent learning effect in the data was
for non-pilots showed a learning effect between the first to the second set of AE transmissions (see Table 2).

Table 2.
Mean Aviation English Percentage Correct Over Testing Period by Group

Testing Period
Group AE1 AE2 AE3 AE4 AE5 AEG AE7
Non-Pilots 46.44° 51.28% 53.86" 55.71° 55.36" 54.83® 55.60°
Pilots 82.42° 83.46° 84.13° 84.00° 85.86° 86.13° 87.99°

Note: Values with different superscripts are significantly different p < .05

Factors predicting AE intelligibility. A linear mixed effects regression was performed using the Ime4
package (Bates, Maechler, Bolker, & Walker, 2015) in R (R Core Team, 2014) on all responses in the data. Fixed
effects included CE score, WM score, group, radio experience, language experience, age, sex, number of words per
transmission, number of topics per transmission and interactions with group for each fixed effect. Number of topics
and number of words were collinear (R* = 0.54). However, given the significant interaction of number of topics by
group, both number of words and number of topics were retained as factors in the model (see Table 3).

Table 3.
Linear Mixed Effects Analysis of AE Intelligibility Scores (Random effects: Subject, Transmission and Order)
Predictor Coefficient Std. Error x*(1) p-value

Intercept 43.77 25.91
CE Score 0.42 0.27 2.42 0.120
WM Score 0.11 0.06 3.21 0.073
Pilot Group 18.07 2.38 290.99 <.001***
Number of Words -2.20 0.55 23.54 <.001***
Number of Topics -10.74 3.54 1.66 0.197
PilotGroup*Words -0.84 0.23 13.02 <.001***
PilotGroup*Topics 13.34 1.50 78.61 <.001***

Note. Significance codes: .001 “**** .01 ***’, .05 “*’. Non-pilot group coded as default treatment.

Model fit determination using piecewiseSEM package in R (Lefcheck, 2015), gave a marginal (fixed
effects) R? value of 0.46 and conditional (including random effects) R? value of 0.66. Regression results indicate
that pilots had significantly higher AE intelligibility scores than non-pilots. Additionally, non-pilots’ scores
decreased with increases in number of words and number of topics, whereas pilots’ scores decreased slightly more
with number of words and increased with number of topics (see Figure 1). Model statistics indicated
multicollinearity between CE (R® = .12) and WM (R? = 0.11). However, their addition to the model significantly
increased model fit from R? = 0.45 t0 0.46 (y2(2) = 7.71, p = 0.021).

Flight experience effect on AE scores. A separate regression was done on pilot group AE scores, to
determine flight experience effect on AE score (see Table 4).

Table 4.

Linear Mixed Effects Analysis of Pilot AE Intelligibility Scores (Random Effects: Subject and Transmission)

Predictor Coefficient Std. Error x* (1) p-value
Intercept 104.13 3.25
Number of Words -2.74 0.28 95.30 <.001 ***
In(IFR) 1.88 0.44 18.69 <.001 ***

Note. Significance codes: .001 “**** .01 “*** .05 **’
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The full model included the above factors in addition to total flight hours (TT) and Instrument Flight Rules hours
(IFR). Substitution of In(IFR) for IFR increased model fit by R? of .01, therefore it was included in the model. The
model resulted in a marginal R? value of 0.27 and conditional R? value of 0.50. Pilots’ AE scores were significantly
predicted by number of words in the transmission and by flight experience.

Types of AE Errors

One randomly selected participant’s responses from each group were preliminarily coded for descriptive
analysis. Errors were coded as transpositions, substitutions, number-number substitutions, omissions, and readback
omissions (reflecting standard AE terminology). About half of the transmission data consisted of repetitive phrases
and 42.76% were numbers. Both pilots and non-pilots transposed, or produced wrong, numbers (see Table 5).
Otherwise, observation of the data, as well as analysis of these two participants, indicates that pilots typically
produced errors of omission, while non-pilots’ errors were more often substitution. For example, responding to the
transmission Turn right heading two seven zero, a pilot produced ____ right two seven zero, whereas a non-pilot
responded: Turn right hitting two seven zero. Non-pilots’ also included substituted numbers for non-number words.

Table 5.
Breakdown of AE Errors by One Participant From Each Group
total - — wrong number - readback
Group transposition substitution B omission e
errors (substitution) omission
non-pilot 96 10 (10%) 42 (44%) 13(14%) 31 (32%) na
pilot 76 4 (5%) 10 (13%) 11 (14%) 25 (33%) 26 (34%)

Discussion and Conclusion

Results of this study indicate that AE is not intelligible to non-pilot native English speakers beyond a low
threshold (53%) and acoustic learning of AE with no feedback peaks early at a level far below ceiling (~ 55%).
Examining the data, we can theorize as to why CE proficiency does not imply AE intelligibility. Firstly, regression
results indicate that, whereas number of words in a transmission is the primary factor in determining AE difficulty
for pilot and non-pilot groups, this effect was mitigated for pilots by number of aviation topics in the transmission.
This finding is consistent with the observation that expert language-users chunk information to efficiently interpret
language streams. Data examination also indicates that, since AE topic identifiers are frequent and predictable, they
are rapidly produced and monotone, making them less intelligible to naive listeners. Therefore, non-pilots
substituted novel terms for topic identifiers (i.e. try to maintain for climb and maintain). On the other hand, pilot AE
errors reflected patterns of standard pilot-ATC communication, in which pilots repeat only critical elements of
transmissions. Therefore, although instructed to repeat the entire transmission, pilots often omitted words that could
be implied, (i.e. runway, heading, turn, left, right, of, and, to, the, at).

The logarithmic relationship of pilot flight experience with AE scores suggests that the AE learning curve
is steep for low-time pilots and shallows out with experience. During flight, a small percentage of time is in direct
communication with ATC and a higher percentage of time is in passive exposure. A training program in which pilots
are exposed to recorded ATC transmissions including periods of active response and periods of passive listening
would expose students to both flight language experiences. This type of training protocol would enable pilots to
dedicate their attention in a low-stress, focused, efficient language-learning environment, rather than struggling to
allocate cognitive resources during flight training, allowing them to acquire AE proficiency in far less time than it
takes in flight. Although native English speakers may not be able to learn AE without feedback, AE language itself
is formulaic, employing a constrained lexicon and restricted phrase inventory. This makes AE ideal for teaching,
particularly when taking into account the chunking methodology that lends itself to pilot comprehension. If focus in
training is on topic identifiers, novices may quickly learn how to recognize these rapidly produced language chunks.

Conclusion
This study seeks to improve international pilot language training by showing the need for pilots to learn the

language they use every day on the job. Previous studies have shown that AE’s rhythm and intonation are different
from CE. The current study shows that AE is scarcely intelligible to CE speakers. Therefore the assumption that CE
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proficiency enhances AE proficiency is in doubt. The most efficient way of teaching AE is to focus on the AE
language that pilots actually hear: including static, fast speech, real accents and a reduced frequency range. Because
of the emphasis on CE in training, pilots may not be getting enough AE training before relying on it in flight. A
small amount of classroom and/or online training focusing on familiarization with the limited inventory of AE
words and phrases, as well as exposure to the rhythm and intonation of real ATC transmissions could enable pilots
to effectively and confidently communicate in AE as soon as they get off the ground.
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FEDERAL AVIATION ADMINISTRATION
FLIGHT DECK HUMAN FACTORS RESEARCH PROGRAM

Sheryl L. Chappell, Regina G. Bolinger, and Ashley C. Awwad
Federal Aviation Administration
Washington, DC

The next generation air transportation system (NextGen) is a comprehensive suite
of state-of-the-art technologies and procedures that improves national airspace
system (NAS) capacity and efficiency, while maintaining world-class safety. In
order to realize these improvements, the roles and the systems of pilots and
controllers are changing. Advanced technologies and new procedures make the
information and the tasks more complex. The Federal Aviation Administration’s
(FAA) Flight Deck Human Factors Research Program examines flightcrew
interaction with current and future technology and pilot performance of flight
procedures. Human factors scientists across industry, government, and academia
produce scientific and technical data-driven recommendations to support the
FAA'’s development of regulatory standards, policies, and other guidance
materials for aircraft manufacturers and operators’ procedures, training, and
equipage. A sample of the program’s scope, methodology, findings, future needs,
and challenges is described below.

In addition to providing the United States with air traffic control (ATC) services, the
Federal Aviation Administration (FAA) is responsible for regulating U.S.-registered aircraft and
their operation. The FAA recognizes the importance of human factors in both controlling air
traffic and ensuring aircraft are built, maintained, and operated safely. In 1993, the FAA
published the Human Factors Policy to establish the “policy and responsibilities for
incorporating and coordinating human factors considerations in FAA programs, facilities, and
activities to enhance aviation safety, capability, efficiency, and productivity” (FAA Order
9550.8). The order defines human factors as a “multidisciplinary effort to generate and compile
information about human capabilities and limitations and apply that information to equipment,
systems, facilities, procedures, jobs, environments, training, staffing, and personnel management
for safe, comfortable, and effective human performance.”

According to the FAA’s definition, human factors research involves the scientific
acquisition of information about human capabilities and limitations related to the following:

e Hardware e Software o Facilities

e Procedures e Jobs ¢ Organizations
e Environments e Training e Staffing

e Errors e Situation awareness e Workload

e Personnel management e Decision support tools

Other performance
implications in which
the human is a
component
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The Human Factors Division in the Office of the Next Generation Air Transportation
System (NextGen) has the responsibility of managing human factors aviation research for the
agency. This paper provides a description of some of the research related to aircraft, pilots, and
maintainers. The division also manages air traffic control human factors research, but that is not
highlighted here. The Human Factors Flight Deck Research Program has the challenge to
provide improved knowledge of the human-system interface and a reduction in accidents and
incidents through enhanced aerospace vehicle, air traffic, and technical operations that adapt to,
compensate for, and augment the performance of the human.

Human factors research provides the foundation for FAA guidelines, handbooks, orders,
advisory circulars, technical standards orders, and regulations, which ensure the safety and
efficiency of aircraft operations. This research also provides the aviation industry with
information for use in designing and operating aircraft as well as training pilots and maintenance
personnel. Sponsors from across the FAA determine research needs and the urgency. These are
driven by operational safety trends and the timing of new aircraft and ATC system capabilities.

The Human Factors Division engages top human factors scientists in industry,
government, and academia to conduct both short-term, sharply-focused and longer-term,
comprehensive research. It is useful to think of the broad range of flight deck research—which
currently exceeds 50 projects—as falling into two general categories: (1) the ability of the pilots
and maintainers to perform their jobs safely, and (2) the design, operation, and maintenance of
aircraft systems.

Pilots and Maintainers

To address the ability of pilots and maintainers to perform their tasks safely, the FAA is
conducting studies on fatigue mitigation, pilot training and performance assessment, and
maintenance risk-based decision making.

Fatigue Mitigation
Airlines are required to manage and mitigate pilot fatigue during day-to-day flight
operations by developing and implementing fatigue management policies and procedures within

their operations; providing fatigue awareness and education to improve alertness and reduce the
potential for errors; and continuously assessing the performance of these policies and practices,
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revising them as necessary. Air carriers can also develop a fatigue risk management system,
allowing them to safely conduct specific flight operations not found in the prescriptive
regulations. The carriers submit an alternative method of compliance supported by sleep and
wake-time data and simple task performance data during a series of flight duty periods, including
layover and post-trip recovery, to assure safety of flight. The air carriers monitor the effects of
circadian rhythm changes, adequacy of layover rest, and returning flight schedules. Following
the data collection exemption flights, the FAA evaluates the data and only authorizes those
schedules exceeding regulation table limits that demonstrate that pilots are alert and well rested
during those flight operations.

The Human Factors Division also manages research in fatigue management for
maintenance personnel. The FAA provides training materials to individuals and flight
organizations to educate them on the hazards of—and mitigations for—maintainer fatigue.

Air Carrier Pilot Training and Evaluation

FAA air carrier policy makers, inspectors, and airline training departments constantly
evaluate the performance of pilots and ask researchers how to make training more targeted for
areas in need of improvement. Some areas currently under study include the following:

e Manual and cognitive skill degradation with increasing automation

e Crew resource management best training and evaluation practices

e Flight path monitoring

e Response to unexpected events, and

e Training on the increased complexity of instrument procedures and flight deck system

automation.

The FAA uses data from these research programs to provide updates to advisory circulars and
inspectors’ handbooks, and the airlines use the data to improve their training curricula.

Maintenance Risk-Based Decision Making

As the industry and the FAA mature their risk-based decision-making capability, they
measure human performance and take into account the assessment of risk. Safety management
systems at the FAA as well as flight operators collect data from aircraft and air traffic operations.
These collected data provide a rich source of human performance data.

One area this science is increasingly mature in is the maintenance of aircraft. FAA-
funded human factors research products include the following:
¢ Maintenance-line operations safety assessment tools, a method to collect data during
normal operations from those doing the work
e Fatigue risk management technigues, and
e Design principles for technical documentation.

These products are currently undergoing field-testing, the results of which will be used to
underpin implementation guidance for FAA inspectors and maintenance operators.

289


http://www1.airweb.faa.gov/Regulatory_and_Guidance_Library/rgFAR.nsf/0/2A75027B9728376A86257C5B00555757?OpenDocument
http://www.faa.gov/about/initiatives/maintenance_hf/fatigue/multimedia/
http://www.faa.gov/about/initiatives/maintenance_hf/
http://www.faa.gov/exit/?pageName=Risk%20Assessment%20Tool&pgLnk=http%3A%2F%2Ffaafatiguerisk%2Epulsarinformatics%2Ecom%2F

Design and Operation of Aircraft

Research, performed under the management of the Flight Deck Human Factors Research
Program on the design and safe operation of aircraft systems, covers most types of aircraft and
flight operations, including unmanned aircraft systems (UAS), single-engine private pilot flying,
rotorcraft operations, and air carrier operations. Studies include the following:

e Ability of pilots to taxi in poor visibility using enhanced vision displays

e Design of unmanned aircraft system control stations to provide flight information to

the pilot on the ground

e Pilot’s management of the aircraft’s flight path

e Use of digital communications between pilots and controllers, and

e Information needed for time-based navigation.

The tools researchers use to investigate human performance can range from a tablet
computer to a full-mission simulator with ATC and other traffic. Experimental scenarios are key
to providing the proper level of context and workload. Dependent measures include:

e Response time
Response accuracy
Number of control inputs
Flight control movement
Course, altitude, and speed deviations, and
Number and length of communications.

Other measures include subjective workload, preference ratings, and the discriminability of
symbols and flight parameters.

As flight deck systems and procedures evolve, the FAA must address fundamental human
factors issues. The FAA recognizes that the increased complexity of both the systems and the
procedures introduces brittleness. Pilots are confronted with elaborate failure modes and a vast
array of possible alerts. Not only how, but also where, to convey this information is an area of
current study. To reduce the impact of system and procedure complexity, the FAA is also
sponsoring research on the efficacy of displaying aggregated flight parameters, such as the
aircraft’s energy state.

New Flight Deck Systems

A Federal regulation (14 CER 25.1302) requires new systems for transport category
aircraft to be “designed so that qualified flightcrew members trained in their use can safely
perform all of the tasks associated with the systems’ and equipment’s intended functions.” The
regulation requires controls and information to be clear and unambiguous and to enable the
flightcrew to manage errors. FAA human factors research evaluates flightcrew use of new
technologies for both displays and controls on the flight deck.

The addition of electronic flight bags, which provide updated charts, manuals, weather,
and safety information to the flight deck, brings standard user interface human factors issues to
be studied, e.g., managing multiple applications and verifying the integrity of the data. The shift
in communications from verbal to digital is another area of study, as the technology becomes
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more available and advantageous. New international standards are being formed with the
knowledge resulting from the FAA’s datalink communications research program.

New vision systems that are available for use by
the pilot, and which are the subject of FAA human
factors research, include advanced vision systems
permitting low-visibility taxi and takeoff operations.
The FAA is also studying enhanced flight vision
systems that allow landing at airports with reduced
airport infrastructure. Other areas of research focus on
determining minimum requirements with synthetic
vision and combined vision systems.

Rotorcraft in near-to-ground
operations have a significant number of
incidents that involve striking obstructions or
obstacles. Research is ongoing on display
technologies to provide additional awareness
of the presence of obstacles, especially head-
mounted displays, which are a logical
extension of natural-vision-referenced flight
guidance. This research will provide
guidance for both the certification and the
operational approval for these new devices
and will help to identify potential hazards
associated with head-mounted systems. The results could be applied |mmed|ately to generate an
advisory circular, with updates to relevant regulations to follow later.

Not only are visual flight deck displays being studied, other sensory modes are also
explored. Presenting information aurally and tactually reduces the load on the visual information
stream and the FAA is researching how to use these modes effectively on the noisy, vibrating
flight deck. The FAA is also researching controls using other sensory modes. The speed and
accuracy of touch, gaze, and voice interactions are being evaluated for control of flight deck
systems.

New Flight Deck Procedures

The FAA’s NextGen implementation is transforming the NAS in order to advance growth
and increase safety while also reducing aviation’s environmental impact. New ATC and flight
deck procedures are enabling this transformation. These new procedures shift certain decision-
making abilities from the controller to the pilot. Measuring the pilots’ performance on the new
procedures is an important part of the work managed by the Human Factors Division.

A NextGen capability, interval management time-based sequencing and spacing, will

improve schedule predictability and system performance by maximizing throughput to use
available system capacity and by reducing vectoring and holding, thereby improving fuel
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efficiency. A current study of this capability evaluates both controller and pilot performance.
This research will identify the minimum information controllers and pilots need and will
recommend procedures for successful implementation.

Unmanned Aircraft Systems

The Human Factors Division manages
several research projects looking at the human
performance of UAS pilots and of the air
traffic controllers who are interacting with
these new systems. Research is underway to
determine what current flight deck standards
apply to the design of the UAS controls station
and how to substitute the information a pilot
senses when in the aircraft. For example, the
pilot is unable to physically see, and therefore :
avoid, other aircraft. Sensor systems providing | " % ""“}.{ S ~.,=gm- ».‘&:’\?"
data on the relative position of other aircraft as & B N P B SSr R
well as displays with alerting are necessary to provide this information in a meaningful way for
pilots to remain well clear of other aircraft. Human factors research data on pilots’ use of
displays and alerting feed directly into industry standards.

When the datalink between the control station and the unmanned aircraft is unavailable,
the aircraft will revert to a lost-link flight path. The air traffic controller responsible for
separation of that aircraft with other traffic must know (1) that the loss of control has occurred,
and (2) where the aircraft is going to go and when. Currently, most UAS operations take place in
military airspace. This will not be true in the near future. Information and procedures are
necessary for both the controller and the pilot to accommodate safe integration with the NAS.
This requires a study of air traffic controller and UAS pilot performance using a high-fidelity
simulation and realistic scenarios. Data collected from this research will result in modifications
to controllers’ displays and inform new procedures for controllers and pilots.

Summary

The Flight Deck Human Factors Research Program examines both flightcrew interaction
with current and future technology and pilot performance of flight procedures. Research data are
used to change or develop new avionics and air traffic procedures through regulations and
guidance materials. FAA aircraft certification officials apply the findings of human factors
research to the approval of aircraft systems. Other FAA personnel, such as air carrier principal
operations inspectors and maintenance operations inspectors, incorporate research findings into
their airline oversight. The airlines use these research findings to improve their pilot and
maintainer procedures and training. Finally, aircraft manufacturers use data from the Flight Deck
Human Factors Research Program to improve the functions as well as the displays and controls
of their flight deck equipment. As FAA’s NextGen technologies continue to evolve and enter
into service in the NAS, flight deck human factors research will continue to play a vital role in
increasing safety and improving the movement of aircraft through the National Airspace.
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ALERTS ON THE NEXTGEN FLIGHT DECK

Angelia Sebok, Christopher D. Wickens, and Brett Walters
Alion Science and Technology
Boulder, Colorado

Karl Fennell
United Airlines
Denver, Colorado

The future generation of cockpit may substantially change the nature of displays, automation, and
their implications for alerting systems. Flight deck automation and information systems imposed
by NextGen will create system states that may need to be alerted. New concepts of providing
continuous flight information can benefit pilot awareness. Ecological interface displays keep the
operator aware of the system status and constraints, informing the pilot of emerging concerns
before an alert is triggered. Continuous auditory and tactile displays support pilot awareness
without requiring focused operator attention. Both approaches improve awareness of system state,
but suffer poor operator acceptance. Automation can support pilots through carefully considered
degrees of automation, through transparent automation design, and through adaptive automation
that identifies when pilots fail to respond to alerts, and increases the salience of alerts or assumes
control to implement the necessary actions. This paper summarizes a report that reviewed
empirical research regarding these approaches.

Since the early days of aviation, there has been a need to improve alerts on the flight deck. Initially, the
need was simply to provide alerts that would draw the pilots’ attention to important status information (e.g., fuel
level low). As experiences were gained and technologies improved, the alerting systems became increasingly
sophisticated, warning pilots about proximity to ground or the nearby presence of other aircraft, or predicting the
collision potential of surrounding traffic based on their trajectories. Aviation personnel have done a commendable
job tracking incidents and accidents, and systematically evaluating them to identify lessons learned that enable
continual improvements in alerting systems. Despite these efforts, challenges remain, and are likely to become even
trickier in NextGen operations. The implementation and integration of new technologies will result in even more
information on the flight deck (FAA, 2016), and additional automated systems may further increase complexity.

Some challenges with current-day systems include keeping the pilot aware of the status of the aircraft and
automated systems, and appropriately applying alert suppression. For example, flight mode advisories (FMAS)
inform the pilot of the current autoflight status and mode that result in changes in throttle or pitch control. The pilot
uses this information to react to changes and correctly employ the automation. The FMAs are located at the top of
the primary flight display and require directed visual focus and attention. During visual approaches, takeoffs, and
other high workload situations, the pilot flying is primarily looking outside. Important changes on the FMA may
easily be missed, possibly leading to lack of mode awareness. Improved salience or repositioning of the indicators
appear to be needed.

Alerting systems on current flight decks attempt to support pilot performance by inhibiting nuisance
information during critical phases of flight. For example, on many modern airplanes, caution alerts are inhibited
above 80 knots during takeoff, with the intent of minimizing unnecessary information and helping the pilot make a
go / reject decision. However, if a malfunction occurs, a message may still appear on the engine indicating and crew
alerting system (EICAS). This message is presented without a caution light or sound, and the pilot is left to decide if
the message warrants a rejected takeoff. Other information may also be presented, such as “high engine
temperature” or “low oil pressure,” displayed in red font on the EICAS. The result is that takeoffs are sometimes
rejected when an actual takeoff would have been less risky. While the intent of inhibiting nuisance information
makes sense, the current implementation seems to be clumsy and in need of improvement.

Dynamic situations, uncertain contexts, and fallible operators all contribute to challenges in the design of
robust, appropriate and informative alerting systems. But there are also numerous opportunities for improved
displays and intelligent automation to support performance. This paper, integrating many of the findings from a
longer report (Wickens, Sebok et al., 2016) discusses potential future directions in flight deck alerting systems
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regarding ecological, predictive and multi-modal displays, and of automation; its more aggressive forms, its
transparency and its adaptivity.

Alerts can fail to perform their intended function for several reasons. They may not be noticed, because of
deficiencies in pre-failure monitoring, fatigue, cognitive tunneling, or insufficient alert salience or being located too
far out of the normal field of view (Wickens, Sebok, McDermott & Walters, 2016). Alerts may be noticed, but not
interpreted correctly. There may be too many alerts, confusing or misleading the pilot (Martensson & Singer, 1998).

Displays to Support Intuitive Monitoring

Displays can be designed to provide the operator with better awareness of the system and improved ability
to predict undesirable future states than is provided by current-day displays and alerts. Such improvements should
mitigate surprise and possible startle caused by the alert. Several techniques have been found to assist both the
detection and subsequent diagnosis, above and beyond the alerts themselves. These displays provide a contextual
background to support operator anticipation of an alert (improving detection) and diagnosis (understanding and
prediction). Such displays depend upon pre-attentive reference (Woods, 1995), in which a perceptual cue (a sound
or visual indication) provides information to the operator regarding the current state of the system. This can occur
naturally, as part of the system operation, or it can be artificially added. Examples include the hum of an engine that
changes in frequency as the throttle is applied or decreased. Changes to the cue, such as an engine that begins
emitting a “knocking” noise and vibrating, can rapidly draw the operator’s attention to a potential concern, without
invoking the startle characteristics of an auditory alert (Rivera et al., 2014). These features support perception and
understanding in a way that does not require effortful processing to realize that something is wrong or even perhaps
to identify what is wrong (Woods, 1995). This approach to supporting pilot detection of non-normal events and
hence supporting alert management has been investigated from several perspectives, including ecological interface
design (EID), predictive displays, sonification, and tactification.

Visual Displays: Ecological, Configural and Predictive Displays

The goal of EID displays is to integrate data into intuitive graphics that present important information to the
operator or pilot. This requires identifying the most important factors and parameters for performing the tasks, and
putting that information together in a meaningful, readily understood graphical representation (Bennett & Flach,
2013; Muller, Manzey et al., 2015). These displays show not just the status of individual sensors, but current and
predicted states. One example in aviation is related to energy management (Muller et al., 2015). Pilots think of
flying tasks in terms of energy management, yet current displays do not directly support that concept. The following
figure shows one example of an aviation EID energy management display.

T

Figure 1: Vertical Situation Displays (from Borst et al., 2011). The left figure is a current-day display, and the right
figure includes energy management information. Both show the ownship, a yellow aircraft at the left of the
displays. The cyan outlined area in the right figure shows the potential future locations of the aircraft, given the
minimum and maximum speed and climbing characteristics. The orange area above the brown “terrain” line shows
the space in which the pilot can safely fly to avoid colliding with the other aircraft (green triangle) and the terrain.

The EID display allows the operator to monitor those key parameters with relatively low workload, and

determine their proximity to danger boundaries that would trigger discrete alerts. Thus the EID provides operators
with information regarding relationships in the system data and system constraints that are not normally presented
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on more conventional displays, or are presented in a less integrated fashion. In aviation, such a constraint might be
the combinations of angle of attack, power and pitch that cause a stall (Wickens & Andre, 1990), or the combination
of potential energy, sink rate, altitude and available thrust that creates unstable flight (Muller et al., 2016; Lambergts
et al., 2008). By explicitly and graphically depicting the proximity of the current state of the system to these
constraint boundaries, an EID can prepare the operator to detect a failure when the boundaries are crossed, to
prevent that boundary crossing through proactive control, and to better diagnose the reasons why they are violated
so that corrective actions can be applied appropriately. Thus by providing additional information, the EID should
support operator monitoring, maintaining situation awareness (SA), detecting, diagnosis, decision making and fault
management. Another benefit of EID displays is that, by integrating important system status information into a
single display, the pilot can maintain awareness without needing to more widely distribute visual attention.
However, the pilot will still need to seek information that is not included on the EID.

Two important components within many EID displays, used to help present the constraints and constraint
boundaries, are configural object displays and predictive displays. A configural display presents multiple
parameters graphically, so that their combined values form a shape or object. This object changes shape depending
on the relative values of the parameters. Thus, the object can easily depict a departure from a normal state and its
shape indicates the nature of the abnormal state. Successful examples include an octagon display indicating non
normal conditions with a distortion of symmetry by the change in the location of one of the eight points (Beringer &
Chrisman,1991); a rectangle display whose departure from the perfect symmetry of the square depicted the approach
to stall, with deviations of appropriate airspeed and angle of attack (Wickens and Andre,1990), or the adjacent
depiction of indicators of angle of attack and total energy angle, to signal the preservation, or departure from,
minimum energy capabilities in vertical maneuvering (Muller et al., 2016).

Wickens, Sebok, Walters, et al. (2016) examined studies that compared performance with ecological
displays against performance with conventional displays on the four aspects (monitoring, detection, diagnosis, fault
management) of human processing of the non-normal events that trigger alerts. In many of these studies, the EID
display condition presented more information than the traditional displays with which they are compared. Four
aviation studies (Comans et al., 2014; Ellerbroek et al., 2013; Borst et al., 2011; and Rijneveld et al., 2010)
examined non-normal events of the sort that might be alerted. All of these concerned traffic conflicts. Two of these
studies (Ellerbroek et al., 2013; Comans et al., 2014) suggested a significant advantage of the EID concept, while the
other two (Borst et al., 2011; Rijneveld et al., 2010) showed neither an advantage nor disadvantage. Of 11 aviation
studies that were examined, 8 revealed superior performance in the EID conditions versus conventional conditions
in some aspect of performance relevant to alert processing. The remaining 3 studies found no difference between
conditions. These findings suggest the potential for EID displays to support more effective performance.

Predictive displays have long been known to increase control performance by inferring the future dynamic
state, and hence allowing proactive control (Jensen, 1981). The advantages of predictive displays in flight path
control are well documented (Wickens, 2003). These predictive displays include the “noodle” on the navigational
display, or the predictive aircraft and 3D tunnel on synthetic vision system displays (Prinzel & Wickens, 2009). If
aircraft state is trending toward a hazardous boundary (e.g., loss of separation, loss of sufficient potential energy or
excessive temperature), the predictive algorithm can trigger the alert before the boundary is crossed. Yet often, as in
the case of the traffic collision avoidance system (TCAS) alert, the only information displayed to the pilot is the
discrete onset. There appears to be an advantage to also presenting the continuous predictive trend toward the
boundary, so that a maneuver or control adjustment can be implemented prior to the time the alert would have
occurred (to forestall the alert), or can be implemented more effectively after the alert, avoiding surprise. The
benefits of such a continuous predictor have been validated for collision avoidance in cockpit displays (Alexander et
al., 2005; Wickens, Gempler & Morphew, 2000) or engine parameters (Trujillo et al., 2008). Thus, much like
ecological displays, a predictive display presents a broader context, which supports the pilot in predicting the future
state of the aircraft. This, in turn, supports more expedient responses to the discrete alerts if they do occur, or more
proactive control that will prevent the occurrence of an alert altogether.

Multi-modal Displays
The concept of multi-modal displays and alerts for the flight deck has received some recent attention (Lu et

al., 2013). One approach has been to deliver alert indications in non-visual modalities, e.g., in auditory, tactile, or a
redundant combination, typically redundant with a visual indication. Another approach is through the display of
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continuously changing parameters, such as the bearing of a potential traffic conflict, or the engine power through the
tactile or auditory modality. These continuous displays are referred to as tactification and sonification respectively.
Such an approach has the clear advantage of capitalizing on different perceptual resources than the visual channel
which is predominately involved in flying, and thus allowing some degree of parallel processing (Wickens, 2008).
A continuously changing auditory or tactile signal might also provide the same sort of pre-attentive reference and
predictive information that was seen above to offer an advantage to proactive response to out of tolerance
parameters. However there is one key limitation. While changing pitch or tactile intensity are effective for
displaying the rate of change in a parameter (routine control), they are not as effective as vision for depicting the
absolute value of the parameter, which is how alert boundaries or thresholds are characterized. In general, studies
that investigate the use of sonification indicate that it is most effective when used in combination with a visual
indication (Wickens, Sebok, Walters et al., 2016). Tactification approaches have also shown promise in terms of
supporting situation awareness and early response to developing problems, particularly when used in combination
with visual information presentation.

Both sonification and tactification however currently suffer poor operator acceptance (as reviewed in
Wickens, Sebok, Walters et al., 2016). This can be due, in part, to a novelty effect, but it is also related to the
inappropriateness for the particular environment. For example, sonification has been evaluated in simulated medical
environments, where there are typically many patient monitoring systems that present auditory alerts, as well as
verbal communications among the surgical team members. This noisy environment is a problem for effective
sonification. Similarly, the flight deck currently has discrete auditory and voice alerts, and interpersonal
communication. Sonification, in today’s environment, simply adds another auditory signal to an already noisy
operational context. It appears more likely that sonification and tactification would be used in remotely piloted
aircraft, where there is a good deal more control over the pilot’s environmental conditions.

Implications of Automation for Alerting Systems

Future forms of automation in NextGen and beyond have three direct implications for alerting systems. These are
discussed in much greater detail in Wickens, Sebok, Walters et al., (2016) and summarized below.

Degree of Automation

The degree of automation (DOA) characterizes how aggressively and authoritatively automation assists the
pilot’s task (Parasuraman et al., 2000; Ferris et al., 2010; Sebok & Wickens, 2016). With respect to alerting
systems, a low degree of automation may simply inform the pilot of the likely state, e.g., a low fuel alert, or the
cause of the non-normal condition, such as the TCAS traffic alert. The alerting automation may more aggressively
recommend an action (the TCAS resolution advisory), or even implement the action (the “pull up” function of the
automatic ground collision avoidance system (Auto-GCAS) in the military F-16), representing the highest DOA.
Empirical research is needed to establish the appropriateness of high degrees of automation because existing
research has indicated that automated action advice or implementation, when based on uncertain inferences, may be
quite problematic on the infrequent occasions when the inferences upon which the recommendations are made are
incorrect (Sarter & Schroeder, 2001; Onnasch et al., 2014, Sebok & Wickens, 2016). Empirical research indicates
that automation wrong is more problematic than automation gone failures, particularly when the automation
provides a wrong (but plausible) diagnosis or recommends an incorrect course of action (Wickens, Clegg et al.,
2015; Sauer, Chavaillaz & Wastell, 2015). As Onnasch et al., 2014 found, automation can potentially support
operator performance during a failure, if the displays provide information needed to support SA.

Transparency of Automation

One technique for mitigating the costs of automation errors at higher DOA is to provide transparency
(Sebok & Wickens, 2016) or observability (Ferris et al., 2010), sometimes in the form of a display to indicate what
automation is doing (and why). This directly supports pilot SA. On the flight deck, such transparency can support
mode awareness (Ferris et al., 2010), and the transparency offered by the traffic display of TCAS renders it easier to
follow the advice of the resolution advisory. In air traffic control, Trapsilawati et al. (2017) have found that the
transparency offered by a vertical situation display can offset imperfections of a conflict resolution aid. A number
of studies investigating different approaches to enhancing transparency were found to provide better operator
performance, both in routine and off-nominal conditions (Wickens, Sebok, Walters et al., 2016). The only potential
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drawback identified in these studies was that sometimes the more transparent automation drew the operator’s
attention and placed additional workload on the operator. Generally, though, these costs were mitigated by better
performance in the case of automation failures or situations that were outside the realm of typical operations.

Adaptive Automation

It has been argued that automation should not necessarily always be present, but only be invoked in
circumstances when it is needed because of high pilot workload (Dorneich, 2016; Kaber, 2013). This is considered
adaptive automation. While adaptive automation has shown some promise in aviation systems, it has spawned
another class of mode change alerting systems in the cockpit, namely alerting the pilot, as to when automation has
taken control of the relevant aviation system (given that workload is assumed to be high), or when automation has
returned control to the pilot. Failure of the pilot to be aware of the second of these mode changes can be particularly
problematic. Another concern with adaptive automation is the logic and criteria used to determine when the pilot is
overloaded and needs assistance. Techniques such as eyetracking, physiological parameters (heart rate, respiration),
or time required to respond to requests for information are all used to predict when the operator needs assistance. If
the automation incorrectly interprets that the pilot needs help, and offers assistance when it is not needed, that can be
annoying to the pilot. Perhaps even worse is the condition where the pilot does need assistance, yet the automation
does not detect or offer it. These problems can be addressed through the use of adaptable systems, or hybrid
adaptive / adaptable systems that give the pilot control over when the automation is invoked.

Summary of Alerting Systems on the NextGen Flight Deck

A variety of display techniques can be, and have been (at least in experimental settings) used to support
operator monitoring of a system, maintaining system awareness and responding to non-normal events. Some
empirical evidence indicates that ecological displays and configural displays support rapid, accurate operator
detection of non-normal conditions and accurate responses to these conditions. Predictive displays support operators
in anticipating the future state, and avoiding alerts. In other modalities, empirical results are less conclusive than for
visual displays, yet sonification and tactification can potentially provide techniques for supporting continual
awareness of system state. Automation is expected to be more pervasive in the future flight deck, and can contribute
to the detection of and response to alerts. Transparent automation systems can help pilots in assessing the
appropriateness of diagnoses or recommended courses of action. Adaptive automation can assist pilots by
increasing the salience of not-noticed yet critical alerts, or by deferring a low-priority alert that occurs during a high-
workload situation. In summary, advanced, integrated visual displays or predictive displays; auditory and tactile
alerts that provide continual system state information; and intelligent, transparent, and adaptive automation are
potential techniques for supporting pilot performance on the NextGen flight deck.
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NEXTGEN HUMAN FACTORS ACCOMPLISHMENTS AND CHALLENGES IN THE FUTURE

Edmundo A. Sierra, Jr.
Federal Aviation Administration
Washington, D.C.

The Federal Aviation Administration (FAA), under the Next Generation Air Transportation
System (NextGen) program, made significant progress in terms of infrastructure modernization of
the National Airspace System (NAS). Development of infrastructure incorporated a broad scope of
human performance considerations which this paper discusses at a high level. Since the FAA
completed much of the infrastructure modernization, focus shifted to NextGen Transformation so
that benefits can be realized. NextGen Transformation involves insuring that FAA systems are
seamlessly integrated; that integrated pilot and controller procedures are in place; new roles and
responsibilities are defined; and that stakeholders are informed, trained, and adapted to the
NextGen technologies and procedures and are comfortable in their use. This paper concludes with
an overview of challenges and opportunities the FAA is facing as it shifts its focus to NextGen
Transformation - specifically as it pertains to human factors, safety, training, and the workforce of
the future.

After a recent painful introduction I was required to provide as a student at the start of a class; the instructor
asked, “Shouldn’t NextGen be done?” | sighed, rubbed my forehead, and as | formulated my answer realized it was
a fair question for a program the Federal Aviation Administration (FAA) called “one of the most ambitious
infrastructure and modernization projects in U.S. history” (FAA, 2007c). | told the instructor that NextGen
delivered a lot of the infrastructure for modernization and is focused on operational integration. That is, NextGen
delivered the physical underlying parts of a system that was adapted to meet modern needs. | elaborated on that
answer in this paper for the human factors practitioner and included emerging and far-term human system
challenges NextGen is facing.

Next Generation Air Transportation System (NextGen)

To determine what NextGen has accomplished to date, | identified when it began and its objectives. In the
United States, an authorization establishes a federal program (or agency). | determined that NextGen began within
the law that reauthorized the legal operation of the Federal Aviation Administration in 2003. NextGen’s goals were
included in the authorization language.

NextGen Initiation

The 108" Congress endorsed the concept of NextGen in the Vision 100 — Century of Aviation
Reauthorization Act, signed into law in December 2003. Congress found that the United States revolutionized the
way people traveled by developing new technologies and aircraft. In addition, past investments in research and
technology benefitted the economy and security of the United States. Congress saw continued leadership was
needed, growth in aviation was necessary, and revitalization and coordination must begin. NextGen would encounter
many challenges and there would be constraints by concerns related to safety, security, and environment.

NextGen Goals

The Vision 100 — Century of Aviation Reauthorization Act set goals for NextGen. | listed the seven goals
from 117 STAT. 2584 in Table 1. I would overwhelm the reader if | organized human factors accomplishments by
the goals under Subsection (c) of the reauthorization. | would also find it difficult to describe human factors
accomplishments at a consistent level. Therefore, | organized accomplishments by major NextGen Investments to
date for a subset of domains: Communications, Navigation, Surveillance, and Automation.

Even at a high level, my analysis identified many human factors accomplishments to date. For example;
human factors made numerous contributions throughout phases of systems’ research, concept development,
engineering, development, and implementation. Human factors also contributed to overarching policies, standards,
and guidance. Therefore, | identified the human components of systems and used their implementation as
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synonymous with human factors accomplishments. In the FAA, human factors must be included in planning,
analysis, development, implementation, and in-service activities for systems (FAA, 2017a). The FAA verifies
compliance with its policy throughout the lifecycle. For example, an in-service decision (ISD) authorizes
deployment of a solution into the operational environment. A tool named the in-service review (ISR) checklist is
used to identify and resolve readiness issues before the ISD. The checklist includes a human integration section with
items verified by a human factors subject matter expert. The items include compliance with human factors policy,
standards, and guidance; consideration of human performance; operational suitability; knowledge, skills, abilities;
human error; functional design; and suitability of documentation. Systems the FAA implements meet FAA human
factors goals.

Table 1.
The Next Generation Air Transportation System shall—.

Paragraph

(1) Improve the level of safety, security, efficiency, quality, and affordability of the National Airspace
System and aviation services

2 Take advantage of data from emerging ground-based and space-based communications, navigation,
and surveillance technologies

3) Integrate data streams from multiple agencies and sources to enable situational awareness and
seamless global operations for all appropriate users of the system, including users responsible for
civil aviation, homeland security, and national security.

4) Leverage investments in civil aviation, homeland security, and national security and build upon
current air traffic management and infrastructure initiatives to meet system performance
requirements for all system users

(5) Be scalable to accommodate and encourage substantial growth in domestic and international
transportation and anticipate and accommodate continuing technology upgrades and advances

(6) Accommodate a wide range of aircraft operations, including airlines, air taxis, helicopters, general
aviation, and unmanned aerial vehicles

(7 Take into consideration, to the greatest extent practicable, design of airport approach and departure

flight paths to reduce exposure of noise and emissions pollution on affected residents

Note. 117 STAT. 2584.
NextGen Built Foundational Infrastructure (2003-2016)

NextGen implemented the foundational infrastructure for Communications, Navigation, Surveillance, and
Automation domains. Communications included digital communications between controllers and pilots and between
FAA systems and facilities. Navigation included precise Global Positioning System (GPS) routes and procedures in
all airspace domains. Surveillance provided high update rate surveillance used by controllers and pilots. Automation
was found in every Air Traffic Control (ATC) domain and included decision support. I described the domains in
more detail, included examples, and human factors accomplishments in this section.

Communications

Communications was comprised of elements that performed transmission or recording functions for voice
and data communications within and external to the National Airspace System (NAS; FAA, 2017d).
Communications supported connectivity between air-to-ground, NAS sub-systems and facilities, NAS and external
systems and users. Air/Ground systems provided a wireless communication conduit between aircraft and other NAS
users and systems.
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Communication Exemplars. Three major programs were examples of Communications infrastructure:
Data Communications, NAS Voice System, and System Wide Information Network. Data Communications (Data
Comm) enabled controllers and pilots to communicate with digitally delivered messages in addition to voice. The
NAS Voice System (NVS) allowed controllers and pilots to speak with each other without being limited by
geography (versus radio). System Wide Information Management (SWIM) offered a single point of access to
aviation data for controllers and operators including airlines, cargo carriers, business jet operators, and airports.

Human Factors Accomplishments. Data Communications were delivered at airport towers through
Departure Clearance Tower Services (FAA, 2016b). These services allowed an Airport Traffic Control Tower
(ATCT) controller to enter flight departure clearance instructions into a computer and push a button to electronically
send the information to a flight deck. Flight crews viewed the instructions, pressed a button to confirm receipt, and
pressed another button to enter the instructions into the flight management system. Preliminary qualitative benefits
of Data Comm seen during trials included reduced communications time resulting in faster taxi outs, reduced delays,
and reduced pilot and controller workload.

NAS Voice System will provide voice connectivity by linking incoming and outgoing communication lines
to controller workstations (FAA, 2016b). The target users of NVS were air traffic controllers and pilots, including
pilots of Unmanned Aircraft Systems (UAS). NVS successfully completed critical design review. The NVS program
conducted Early User Involvement Events for Air Traffic and Technical Operations users. The program also held
training manual conferences and technical manual conferences for the development of training and documentation.
The program will complete NVS operational testing and evaluation, and key site testing in 2019.

System Wide Information Management implemented four key services: Interface Management Service,
Messaging Management Service, Security Management Service, and Enterprise Service Management Service (FAA,
2017d). The target users for SWIM were air traffic controllers and operators including airlines, cargo carriers,
business jet operators and airports (FAA, 2016a). The services supported three key domain areas and Community of
Interest capabilities in the areas of Aeronautical Information Management, Weather, and Flight & Flow
Management. Flight and Flow Management saw benefits when traffic managers used surface data to balance traffic
demands with capacity demands across the NAS. Surface data also made it easy for Terminal Radar Approach
Control (TRACON) controllers to identify departure congestion and anticipate changes that would impact their
control of traffic.

Navigation

Navigation consisted of elements that provided visual and instrument based guidance to pilots during all
phases of flight operations including airport surface navigation. Surveillance, which I included after this section,
shared surface movement radar data with the Navigation element in order to aid pilots in navigating safely through
airport surface, departure, and arrival operations (FAA, 2017d).

Navigation Exemplars. Three major programs were examples of Navigation: Performance Based
Navigation (PBN), Metroplex PBN Procedures, and Wide Area Augmentation Systems (WAAS). PBN used
satellites and onboard equipment for navigation procedures that are more precise and accurate and enabled aircraft
to fly more directly from departure to arrival (FAA, 2017b). Metroplex PBN Procedures delivered large scale
integrated PBN procedures in complex interdependent airspace. WAAS equipment and software augmented the
Global Positioning System Standard Positioning Service.

Human Factors Accomplishments. Performance Based Navigation certified, published, and implemented
procedures for Area Navigation (RNAV) Standard Instrument Departures (SID) and Standard Terminal Arrivals
(STAR) at airports. Target users for PBN were controllers and pilots. RNAV SIDs and STARs increased
predictability of repeatable flight paths and thereby enhaced safety and controller productivity. PBN also enabled En
Route Automation to enhance the controller’s ability to assign clearances to a pilot to operate on performance
restricted routes.

Airspace congestion and limiting factors, such as environmental noise contraints, combined to reduce
efficiency in Metroplexes. Study teams that included the FAA and aviation community analyzed the operational
challenges of three Metroplexes using a consistent, repeatable approach. The FAA implemented their solutions,
including PBN procedures, at Washington DC, North Texas, and Northern California Metroplexes (FAA, 2016b).

NextGen produced over 4,000 RNAV (GPS) Approaches for airports. The procedures were for WAAS
localizer performance (LP) and localizer performance with vertical guidance (LPV). Pilots were able to fly
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approaches comparable to those of an Instrument Landing System (ILS) without the need for ILS’s ground
infrastructure. The capability also improved access for general aviation pilots who were able to file and fly to a
greater number of airports during low visibility day or night. (FAA, 2017b)

Surveillance

Surveillance was comprised of elements that detected and reported the presence and location of aircraft and
other targets in the air and on the airport surface movement areas. The data collected and created by Surveillance
supported pilots, air traffic controllers, and other users via integration and data sharing within Automation (FAA,
2017d).

Surveillance Exemplar. Automatic Dependent Surveillance—Broadcast (ADS-B) is the successor to radar.
ADS-B features the ability for an aircraft to broadcast its current location and other important information about the
aircraft. The broadcast is received by ADS-B ground stations and by other aircraft. ADS-B uses GPS satellites to
determine an aircraft's location, ground speed, and other data (FAA, 2017b). The surveillance coverage that ADS-B
provides is nation-wide and NextGen also extended it to remote areas in Alaska and the Gulf of Mexico. ADS-B
technology has also enabled the broadcast of non-coperative (unequipped) air traffic and weather information to be
received by aircraft in flight without a service fee.

Human Factors Accomplishments. The FAA completed nationwide deployment of ADS-B ground
stations (FAA, 2017b). ADS-B was integrated into automation platforms at all en route air traffic control facilities
and more than one-third of all terminal facilities. ADS-B traffic and weather broadcasts were also available
nationwide. The target users for ADS-B were air traffic controllers; aircraft owners and pilots flying above 10,000
feet mean sea level, within Class C airspace, the airspace surrounding most major airports, or low altitude airspace
along the Gulf of Mexico coastline; and airport surface vehicle operators (FAA, 2016a). Controllers used ADS-B to
track aircraft during radar outages in controlled airspace. Airport Surface Detection Equipment—Model X, a ground-
surveillance system, alerted controllers to potential runway and taxiway conflicts using ADS-B and other data
sources. One ADS-B In capability gave pilots an audio alert to warn of other aircraft that might be a collision risk.
Another ADS-B In capability allowed pilots to keep track of aircraft flying in front of them during a visual approach
to a runway. General aviation pilots received current weather and airspace status information from the FAA’s free
FIS-B service.

Automation

ATC Automation provided air traffic control functions including ATC, flight service, traffic management,
time management and information management (FAA, 2017d). It included seven sub-elements that supported air
traffic controller operations and pilot situational awareness. Automation performed functions by receiving and
processing data from the Surveillance, Navigation, and Weather systems. ATC Automation relied on
Communications systems to send and receive both voice and data transmissions. As ATC Automation provided
function to the controller workstation, Aircraft Automation Systems provided automation function to the aircraft.

Automation Exemplars. Five major programs were examples of Automation: En-Route Automation
Modernization (ERAM), Terminal Automation Modernization and Replacement (TAMR), Terminal Flight Data
Manager (TFDM); Collaborative Air Traffic Management (CATM), and Time Based Flow Management (TBFM).
ERAM replaced aging Air Route Traffic Control Center (ARTCC) automation systems (FAA, 2017d). The TAMR
program modernized the air traffic control systems that controllers used to control traffic approaching or leaving the
United States’ major airports. TFDM automated the flow of flight and other tower data between ATCT and other
ATC domains, and provided decision support capabilities to improve airport surface traffic management. CATM
coordinated flight and flow decision-making by flight planners and FAA traffic managers. TBFM leveraged the
capabilities of the Traffic Management Advisor (TMA) decision-support tool system that was deployed to all
contiguous United States ARTCCs.

Human Factors Accomplishments. En-Route Automation Modernization and its associated hardware,
software and backups were the backbone of en route operations. Instead of 20 separate systems, the FAA has a
single system and ERAM was designed to support the evolution to NextGen. The target users for ERAM were air
traffic controllers at en route centers. ERAM accommodated increased air traffic flow and allowed air traffic
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controllers to handle traffic in greater geographic areas. ERAM processed flight and surveillance radar data, enabled
controller-pilot communications, and generated display data to air traffic controllers (FAA, 2016a). ERAM enabled
controllers to coordinate traffic beyond the boundaries of the airspace controlled by their center so they could more
efficiently transition traffic from one airspace sector to another. ERAM automated traffic conflict alerts and
minimum safe altitude warnings. ERAM added capabilities to allow controllers to separate aircraft with variable
separation standards. ERAM increased flexibility in routing around congestion, bad weather, and other airspace
restrictions.

The TAMR program upgraded multiple terminal ATC technologies into a single platform, the Standard
Terminal Automation Replacement System (STARS; FAA, 2016a). Controllers used STARS to provide ATC
services to pilots in the airspace immediately surrounding major airports. The target users for STARS were air
traffic controllers at towers and TRACON facilities. STARS significantly improved flight plan processing with a
four-dimensional trajectory (lateral, vertical, horizontal, and time) of every flight which improved a controller’s
situational awareness, decision making, and routing of aircraft.

The Terminal Flight Data Manager program implemented the Surface Visualization Tool (SVT) and
Advanced Electronic Flight Strips (AEFS). SVT allowed TRACON controllers to spot departure congestion and
anticipate changes. AEFS replaced paper flight strips and manual tracking of incoming and outgoing flights with an
electronic flight data display (FAA, 2017b). AEFS is updated with a touch screen or mouse and a finger swipe sends
the data to another station allowing controllers to stay engaged with traffic at all times.

Collaborative Air Traffic Management delivered Pre-Departure Reroutes and Airborne Rerouting to
controllers (FAA, 2017d). Pre-departure reroutes enabled controllers to more quickly execute revised route
clearances needed to accommodate changing weather. ERAM added the capability to receive amended reroutes pre-
departure and provide controllers with updated flight data so they can monitor and react to non-compliance issues.
Airborne Rerouting allowed a traffic manager to propose trajectory modifications to meet flow constraints for an
airborne flight to the appropriate sector controller for action. Controllers may amend the intended trajectory for the
flight, deliver the route clearance to the cockpit via voice, and the traffic manager may track the amended trajectory
when considering further constraint adjustments for the flight.

Time Based Flow Management implemented Extended Metering, Groundbased Interval Management
Spacing, and the Integrated Departure/Arrival Capability (FAA, 2016a). Target users were air traffic controllers and
pilots. Extended Metering enabled metering to begin further from the airport so controllers can manage aircraft with
minor speed adjustments. Groundbased Interval Management Spacing (GIMS) introduced automation support for en
route controllers to sequence and schedule en route arrival flows at one or more meter points upstream from terminal
arrival meter fixes such that the schedules were deconflicted at all meter points and fixes. GIMS also provided en
route controllers with speed advisories to help deliver aircraft to meter points and fixes in accordance with the
arrival flow schedule. Integrated Departure/Arrival Capability (IDAC) provided decision support capabilities for
departure flows to controllers that automated the process monitoring departure demand and identification of
departure slots, and deconflicted departure times between airports with traffic departing to common points in space.
IDAC provided situational awareness of available departure times to air traffic control tower personnel so they could
select and plan their operations to meet the times. TBFM also implemented Traffic Management Advisor’s (TMA)
Adjacent Center Metering Capability and the ability to use of RNAV Route Data to calculate trajectories used to
conduct Time-Based Metering operations.

NextGen (2016-2020)

NextGen’s mid-term is through 2020. NextGen will continue implementing parts of several key enabling
technologies to realize additional operational improvements. Key technologies include data communications, digital
voice switching, performance-based navigation, network-enabled information sharing, satellite-based surveillance,
integration of weather into decision-making and collaborative air traffic management (FAA, 2015). NextGen will
continue to meet human factors challenges throughout these systems’ development lifecycle as well as those of
integrating new entrants, Unmanned Aircraft Systems and Commercial Space Operations.

NextGen Transformation (Beyond 2020)
When NextGen was initiated, controllers provided air traffic services tactically based on the location of the
aircraft and distance to other aircraft to ensure safe separation. The FAA will transition the NAS to more strategic

time-based management. Air traffic will be controlled strategically based on what the location of the aircraft will be
at designated times along its projected path, thereby ensuring safe separation.
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Trajectory Based Operations (TBO) will enable time-based management. TBO will leverage the
technologies and operational improvements made during the mid-term. The target users of TBO will be pilots,
controllers, air traffic managers, airlines, and other NAS operators. For strategic planning, users will share four-
dimensional information about the aircraft: lateral (latitude and longitude), vertical (altitude), and time. Users will
have better knowledge of the estimated departure and the arrival time at waypoints along the route of the flight.
Strategic planning will decrease the need for tactical intervention (FAA, 2016¢). When it occurs, air and ground
automation systems will quickly share clearances provided to the flight deck resulting in a consistent view of the
four-dimensional trajectory across the NAS.

NextGen Transformation will face human factors challenges. Time-based management will require more
reliance on automation. Seamless integration of automation platforms will be needed as users share information to
make safe and efficient use of time-based services. User culture will need to transition from legacy operations: the
transition will require procedural changes, training, and methods to achieve user acceptance. There will be new
sources for safety hazards such as knowledge of and performance with automation reversionary modes, human
automation interaction, and maintaining situational awareness in a system of systems.
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