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SYNTHETIC VISION SYSTEMS: FLIGHTPATH TRACKING, SITUATION AWARENESS, AND
VISUAL SCANNING IN AN INTEGRATED HAZARD DISPLAY

Amy L. Alexander and Christopher D. Wickens
University of Illinois, Aviation Human Factors Division
Savoy, lllinois

Twenty-four certified flight instructors participated in an experiment designed to examine the viability of three
Integrated Hazard Display (IHD) formats representative of Synthetic Vision System (SVS) technology (2D
coplanar, 3D exocentric, split-screen; Wickens, 2003) in supporting flightpath tracking and situation awareness
(SA). SA was probed through the use of two techniques, a memory-based technique called SAGAT and a variant of
a perception-based technique called SPAM. Overall, the 3D exocentric display appeared to be the worst display
format in terms of supporting SA and utilizing visual attention for the betterment of performance. There was an
apparent speed-accuracy tradeoff between the memory-based (display blank) and perception-based (display present)
conditions such that pilots took longer to make their traffic position estimations when the display was present, but
those judgments were made with greater accuracy compared to when the display was removed. The perception-
based measurement technique appeared to be the most sensitive to display differences in supporting SA.

Introduction

Synthetic vision systems (SVS) have been proposed
as a possible solution to such problems in aviation as
controlled flight into terrain and low-visibility
conditions (Alexander, Wickens, & Hardy, accepted,;
Prinzel, Comstock, Glaab, Kramer, & Arthur, 2004;
Schnell, Kwon, Merchant, & Etherington, 2004).
SVS provides an artificial, real-time presentation of
terrain and traffic to enhance situation awareness
(SA), combined with a depiction of the planned
trajectory from a 3D perspective to support guidance
and control (Williams, Waller, Koelling, Burdette,
Doyle, Capron, Barry, & Gifford, 2001).

While a primary flight display (PFD) has been
developed to provide tunnel flightpath guidance, it
may or may not also be used to represent other
hazards such as terrain or traffic aircraft. In the
absence of such information within the PFD itself, a
critical component of the SVS suite becomes the
Integrated Hazard Display (IHD). IHDs are
specifically being developed to assist in navigational
tasks by representing terrain and traffic hazards
through the use of high-resolution terrain databases
and satellite-based navigation systems. However, the
best perspective from which to present IHD
information is still under investigation as research has
generally offered conflicting results as to which of
many display options are most optimal for the
various tasks involved with navigation. The goal of
the current study is to examine flight performance,
situation awareness (SA), and visual scanning in the
context of three IHD frame of reference formats: the
2D coplanar, 3D exocentric, and split-screen
displays.

A 2D coplanar display contains a top-down view of
the flight environment in the top panel, as well as a
side-view depiction in the bottom panel, also called a
vertical situation display (VSD; Fadden, Braune, &
Wiedemann, 1993; Thearle, 2002). More precise
spatial and relative position judgments are best made
using a 2D coplanar display due to its unambiguous
depiction of the three dimensional airspace (St. John,
Smallman, Bank, & Cowen, 2001; Wickens, 2000).
Despite its faithful axis representation, the 2D
coplanar display imposes a visual scanning cost due
to the presentation of lateral and vertical information
on two different display panels. This spatial
separation of information will produce information
access costs (IACs) to the extent that cognitive and/or
physical effort must be exerted in sampling the two
views (Wickens, 1992).

While 3D displays have been supported due to their
“natural”, integrated representation of the 3D world,
costs in terms of biases and distortions are inherent.
Namely, the “2D-3D effect” leads pilots to
subjectively rotate vectors in depth more parallel to
the viewing plane (McGreevy & Ellis, 1986). This
effect may be manifest as the compression effect
which describes how at least two of three axes must
be compressed to display a 3D world on a 2D screen.
Increased compression is associated with a reduction
in resolution which will lead to a bias in estimating
distances along the compressed axis as shorter than
they really are (Boeckman & Wickens, 2001).

One possible solution to the tradeoffs between 2D
and 3D displays is the “split-screen display”,
consisting of a 3D exocentric view to support global
awareness and the side-view VSD of the 2D coplanar
format to support precise hazard localization and
avoidance. Although split-screen displays resolve



issues of bias and distortion associated with 3D
displays by also providing a VSD which inherently
maintains faithful axis representations, inappropriate
allocation of visual attention to the more compelling
and information-rich 3D exocentric panel may deter
performance overall, as found in previous work
involving a split-screen display (Olmos, Wickens, &
Chudy, 2000; note that this study used 3D exocentric
and 3D egocentric panels, without a VSD).

Given the importance of SA maintenance in
preventing incidents from occurring under low-
visibility or terrain-challenging conditions, we now
turn to the issue of measuring SA. SA can be defined
as “the perception of the elements within a volume of
time and space, the comprehension of their meaning,
and the projection of their status in the near future”
(Endsley, 1995, p. 36). Endsley (1988) has proposed
a memory-based Situation Awareness Global
Assessment  Technique (SAGAT), in which a
scenario is temporarily frozen and hidden from view
while the pilot is asked a series of questions
concerning the location of entities within the display.
These questions must be answered by consulting
working memory or long-term working memory.

It has been argued that having high situation
awareness does not necessarily require memory of
relevant information. Durso and colleagues (1998)
proposed that knowing where to find information
could be indicative of good situation awareness even
if that information was not available in memory. In
light of this, a Situation Present Assessment
Methodology (SPAM) was developed which would
rely on perception of the situation at hand in
answering real-time probes.

Analysis of these techniques suggests the likelihood
of a speed-accuracy tradeoff. SA measures of
perception (e.g., SPAM) may lead to greater
accuracy, given that the original data are available for
inspection, but this would be at the cost of a longer
response time since it will take time to process that
information. These results, of course, would be
relative to lower accuracy and faster response times
with SA measures of memory (e.g., SAGAT) given
that without the original data available pilots will be
forced to rely upon a degrading memory trace. Such a
tradeoff was indeed found in a previous study
examining traffic awareness within an IHD context
(Alexander & Wickens, 2004).

The current paper describes results from a study
which examined flightpath tracking, SA, and visual
scanning to assess attention allocation within an IHD
context. A PFD containing a tunnel-in-the-sky was

presented in the upper-left corner of the screen, while
the IHD was presented to the right of it. Given that
the PFD provided tunnel guidance, the format of
which was consistent across IHD presentations, we
do not expect to see differences in flightpath tracking
across display types. Any differences therein,
however, would presumably be governed by the
extent to which the IHD demanded attention from the
pilot, a quantity inferred in the present experiment
from the measure of visual scanning.

SA, or more specifically, traffic awareness, was
probed through SAGAT and SPAM. Our SAGAT
probes consisted of freezing the simulation and
blanking the IHD at unexpected times and asking
pilots to estimate the position of a queried aircraft in
the outside world based on its representation within
the IHD (note that aircraft were not visible in the
outside world). Our SPAM-variant also consisted of
freezing the simulation, although the IHD and
queried traffic remained visible. SA as measured by
traffic probes will presumably be better supported by
a 2D coplanar or split-screen display than a 3D
exocentric display due to the faithful axis
representation within the former formats (both panels
of the 2D coplanar, bottom panel of the split-screen).

The display modulation of flightpath tracking and SA
traffic position estimation performance will also be
examined in terms of visual scanning measures of
pilot attention allocation. Such measures are
hypothesized to reveal (dis)associations with
performance to the extent that relations of changing
performance and/or scanning behavior across
conditions can speak to the nature of the underlying
processes. For example, in terms of flightpath
tracking performance, equivalent performance is
predicted across display types. Scanning measures
might reveal, however, that less visual attention is
demanded in a specific display, therefore allowing
more visual attention to be freed for other tasks. The
freeing of visual resources may be seen as an
advantage to that display despite equivalent
flightpath tracking performance, given that the flight
environment is often composed of multiple task
demand at any given time.

Method

Twenty-four certified flight instructors (age, M =
21.6; experience, M = 514 total flight hours, M = 83
instrument flight hours) from the University of
Illinois Institute of Aviation flew a series of
flightpaths and made judgments regarding traffic
locations based on the representations of three IHD
formats. The experiment was conducted on a high-



fidelity Frasca flight simulator with a 180° outside-
world view spread across three display screens. Pilots
were paid $9/hour for their participation.

Displays

2D Coplanar. The coplanar display shown in Figure
la consisted of two windows offering a horizontal,
top-down (X-Z axes) view and a vertical, side-
looking (Y-Z axes) VSD projected orthogonally
(without perspective information) depicting 4 miles
ahead of ownship and 1 mile behind. The terrain in
the top-down panel is color-coded relative to
ownship: red represents terrain that is higher than
ownship, yellow represents terrain that is up to 1000ft
lower than ownship, black represents terrain that is
more than 1000ft lower than ownship. A predictor
vector based on current state information was
displayed.

3D Excocentric. The 3D exocentric display presented
a “tethered” view (see Figure 1b). An elevation angle
of 45° was imposed to optimize judgments within the
longitudinal and vertical dimensions (Boeckman &
Wickens, 2001) with an azimuth offset of
approximately 10° in the clockwise direction (Ellis,
McGreevy, & Hitchcock, 1987). The ambiguity of
judgments in the wvertical direction was further
reduced by attaching a “drop line” from ownship and
other aircraft to the terrain below (St. John, Cowan,
Smallman, & Oonck, 2001: Wickens, 2003). A
predictor vector based on current state information
was displayed.

Split-Screen. The split-screen view was comprised of
a 3D exocentric view in the top panel and a side-view
VSD in the bottom panel (see Figure 1c). A predictor
vector based on current state information was
displayed.

(©

Figure 1. Display formats: (a) 2D coplanar display, (b) 3D exocentric display, and (c) split-screen view.

Task & Design

Pilots made traffic location judgments on a total of 60
aircraft targets across the three IHD types. Pilots flew
scenarios containing multiple aircraft, between one
and four of which were within the display view at
any given time. Pilots were periodically asked, during
simulation freezes, to estimate the location of the
nearest aircraft within the outside world. Visibility
was adjusted so that these aircraft were not visible in
the outside world. However, the outside world did
present the corresponding mountainous terrain that
was visible on the display, so that correspondence
between locations in the outside world and the
display could be easily established. During

simulation freezes on some trials the display would
remain visible (SPAM-variant), whereas on others, it
would blank (SAGAT).

Upon one of these two events occurring, the pilot was
first asked to use a knob on the left-hand of the yoke
to move a white ball in the outside world to the
position where they estimated the location of the
closest aircraft to be. Once the pilot placed the white
ball in the desired location, s/he pressed a button on
the yoke to continue the scenario. Pilots were
instructed to perform the location estimation task as
quickly and accurately as possible.



A within-subjects manipulation of IHD format was
used. The presentation of IHD format was
counterbalanced so that every possible combinatory
order of the formats was used, and then repeated in
reverse  order.  Display  presentation  was
counterbalanced across pilots. The two display
present/blank conditions described previously were
quasi-randomized within each scenario.

Eye movements were recorded by an Applied
Systems Laboratory (ASL) Model 5000 eye-tracker
throughout the experiment. Those data collected
during the simulation freezes were removed from
analysis.

Results

Flightpath Tracking Performance. Given that
flightpath information was presented identically
across display types (that is, shown in the egocentric
PFD in the upper-left corner of the display), it is not
surprising that there were no main effects of display

type in either vertical or lateral deviations (F(2, 46) =
0.87, p > .42; F(2, 46) = 1.12, p > .33, respectively).

SA Response Time. Results revealed a significant
main effect of SA measurement condition (F(1, 23)
=43.2, p <.001) such that response time to the traffic
awareness probes was two seconds faster in the
memory (display blank; M = 6.44 s) than perception
(display present; M = 8.44 s) condition. There was no
effect of display nor an interaction of display type
and condition (both p > .24).

Vertical Position Estimation Error. As shown in
Figure 2, vertical estimation error results revealed a
significant main effect of SA measurement condition
(F(1, 23) = 33.6, p < .001) such that estimation error
was about two degrees of visual angle greater in the
memory (display blank; M = 6.64 degrees) than
perception (display present; M = 5.15 degrees)
condition.
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Figure 2. Mean absolute vertical estimation error by
display type and condition.

Although there was no effect of display nor an
interaction of display type and condition (both p >
.22), there was a significant difference within the
perception (display blank) limb such that vertical
estimation error was about 1.5 degrees greater with
the 3D (M = 5.78 degrees) than split-screen (M =
4.63 degrees) display (t(23) = 2.53, p <.02).

Lateral Position Estimation Error. There was a
significant main effect of condition (F(1, 23) = 25.4,
p < .001) such that lateral estimation error was about
four degrees of visual angle greater in the memory
(display blank; M = 11.9 degrees) than perception
(display present; M = 7.93 degrees) condition. There
was no effect of display nor an interaction of display
type and condition (both p > .26).

Mean Percent Dwell Time. The allocation of
attention, as measured by percent dwell time (PDT)
within the different areas of interest (AOI), is shown
in Figure 3. Again, these measures do not reflect
scanning during simulation freezes. Results reveal an
obvious dominance of scans to the PFD about 66% of
the time in all display conditions. Visual attention
was captured roughly 19% of the time by the top
panel of the IHD, regardless of whether that panel
presented a 2D or 3D view. Scanning to the VSD and
outside world was equivalent between the 2D
coplanar and split-screen formats, accounting for
about 8% of the time, within the 2D coplanar and
split-screen displays. Given that the 3D exocentric
display format did not have a VVSD representation, the
extra visual attention which had been directed to the
VSD in the other two displays was instead split
among the PFD and top panel of the IHD (i.e., the 3D
view).
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Figure 3. Mean percentage dwell time by display
type and area of interest.

In terms of effects driven by the attentional demands
of the IHD formats, a few differences within the
individual AOIs are of interest. First, visual attention
was directed to the PFD about 2% of the time more
with the 3D exocentric display than either the 2D



coplanar or split-screen views (F(2, 46) = 3.27, p <
.05). Pilots also spent about 3% more time looking at
the IHD with the 3D exocentric display compared to
visual scans to the 3D panel of the IHD in the 2D
coplanar and split-screen views (F(2, 46) = 16.7, p <
.001). However, pilots spent less time looking at the
IHD in the 3D display than they spent looking at both
panels of the IHD in the other two formats.

Discussion

In examining the null effects of display type within
the flightpath tracking data, it is apparent that pilots
were protecting the primary flight task of aviating
and navigating. In other words, attentional demands
of the different IHD formats did not affect tracking
performance as pilots were appropriately treating that
task as top priority.

Added visual attention to the PFD in the 3D
exocentric condition did not improve flightpath
tracking performance relative to that obtained with
the 2D coplanar and split-screen displays. Increased
scans to the IHD with the 3D exocentric compared to
the 2D coplanar and split-screen displays also
showed no improvement in terms of estimating traffic
position during the SA probes, and indeed, position
estimation error within the vertical dimension, in fact,
was worst with the 3D display (in the display present
condition). SA within the 3D exocentric display was
expected to be more poorly supported due to the lack
of a faithful presentation of the vertical dimension.
Hence, the added visual attention to the IHD was not
enough to resolve the ambiguities inherent to a 3D
exocentric viewpoint.

Interestingly, the only display difference found in the
SA data was revealed within the perception-based
(display present) SPAM condition. As already
discussed, traffic position estimation was found to be
better supported by the split-screen than 3D display
when examining judgments specifically within the
vertical dimension. This finding of the SPAM
condition being most sensitive to display differences
requires further exploration.

In terms of the specific traffic awareness measures
used in this study, there was an apparent speed-
accuracy tradeoff between the memory-based
(display blank) and perception-based (display
present) conditions. While pilots took longer to make
their traffic positions estimation when the display
was present, those judgments were made with greater
accuracy compared to when the display was
removed. As described in the introduction, such a
tradeoff was expected given that more perceptual

data was available during display-present SPAM
simulation freezes, and it therefore took pilots longer
to process the available information. The
consequence of this longer processing, however, is
for improved accuracy relative to the degraded
memory trace available in the display-blank SAGAT
freezes.

Conclusions

This study not only examines dimensionality within
an important context for aviation safety (an SVS
IHD), it also addresses a relatively new design
concept which brings the “best (or worst) of both
worlds” (i.e., 2D coplanar and 3D displays) together
in a split-screen format. Importantly, the 3D
exocentric display appeared to be the worst display
format in terms of supporting SA and utilizing visual
attention for the betterment of performance. Thus
highlighting the critical importance of a VSD for
hazard awareness (Fadden et al., 1993; Thearle,
2002). Importantly, while such a VSD “consumes”
slightly more attentional resources to process, the
withdrawal of these resources from the PFD led to no
decline in performance.

Equally important is the comparison of SA
methodologies within a traffic awareness framework.
A speed-accuracy tradeoff is noted between the
perception-based (SPAM) and memory-based
(SAGAT) conditions such that pilots took longer to
make their traffic position estimations when the
display was present, but those judgments were made
with greater accuracy compared to when the display
was removed. The perception-based measurement
technique appeared to be the most sensitive to display
differences in supporting SA task, although display
differences were only found within the vertical
dimension position estimations.

These flightpath tracking, SA, and visual scanning
findings have implications for both the design of an
IHD in terms of display format, and the evaluations
which lead to the recommendations therein. Given
the overall lack of display differences found,
specifically between the 2D coplanar and split-screen
views, more experimentation is recommended in
resolving what types of tasks one format might be
better than the other in supporting. We have only
examined one task in the current study, traffic
awareness, one of a general class of SA measures.
More comprehensive conclusions with regard to
global awareness, hazard localization, and hazard
avoidance measures are desired in recommending a
single IHD format.
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Integration of UAVswith Air Traffic Control (ATC) is aworld wide problem. ATC is already troubled by capacity
problems due to a vast amount of air traffic. In the future when large numbers of Unmanned Aerial Vehicles
(UAVSs) will participate in the same airspace, the situation cannot afford to have UAV's that need specia attention.
Regulations for UAV flightsin civil airspace are till being developed but it is expected that authorities will require
UAVs to operate “like manned aircraft”. The implication is that UAVs need to become full participants of a
complex socio-technical environment and need to generate ‘man like' decisions and behavior. In order to deal with
the complexity a novel approach to developing UAV autonomy is needed, aimed to create an environment that
fosters shared situation awareness between the UAV's, pilots and controllers. The underlying principle is to develop
an understanding of the work domain that can be shared between people and UAVs. A powerful framework to
represent the meaningful structure of the environment is Rasmussen's abstraction hierarchy. This paper proposes
that autonomous UAV's can base their reasoning, decisions and actions on the abstraction hierarchy framework and
communicate about their goals and intentions with human operators. It is hypothesized that the properties of the
framework can create ‘shared situation awareness between the artificial and human operators despite the

differencesin their internal workings.
I ntroduction

There now seems little doubt that UAV's will be part
of civil aviation's future infrastructure. UAVSs are
Unmanned Aerial vehicles that are either remotely
controlled from a base station or are autonomous.
Ground control of the UAV varies from stick and
rudder control, to performing navigation task to
mission execution by the press of a button.

The military has been using UAVs for a variety of
purposes. Their missions have been characterized as
the “dull, dangerous and dirty” — missions that human
pilots would typically not want to fly or are not
suitable to fly. There are aso plenty of these missions
on the commerciad civil side and include
environmental and geological surveys, weather
reporting, search and rescue, forest-fire monitoring,
border patrol and communications relaying.
(Reynish, 2004)

Most UAVs are designed to fly their mission below
40,000 feet in controlled airspace, which is airspace
already heavily populated by manned aircraft. In
order to carry out these missions UAV's must be able
to fly among conventional air traffic without

demanding special handling by ATC. This would
have an unacceptable impact on ATC workload and

airspace capacity.

Although military UAV markets have been steadily
growing, civil UAV applications have been slow to
take advantage of potential applications. The slow
start is, at least partialy, due to the lack of a
regulatory framework. Existing regulations cannot
accommodate civil UAVs. A regulatory framework is
being developed to ensure safety of UAV operations
and alow seamless integration in national and
international airspace. There are various initiatives
world wide that aim to develop regulations; often
they are partnerships between government and
industry. Two examples are UV S-International
initiated in Europe and Access Five in the United
States. Despite the current lack of regulations, it is
expected that regulatory authorities worldwide will
require UAVs to operate identically to manned
aircraft in civil controlled airspace (Avionics
Magazine, October 2004). This is a mgjor chalenge
UAYV system design.



Concept UAV Regulations

Europe’'s UAV Task Force is a joint JAA /
EUROCONTROL initiative to commence work
leading to European regulations for civil UAVs. In
May 2004 the UAV Task Force delivered: A concept
for European regulations for civil unmanned aerial
vehicles. In this report three of the guidelines that
have been established during the development of the
regulation stand out with respect to this research.
They are repeated here shortly:

Fairness: Any regulatory system must provide fair,
consistent and equitable treatment of all those it
seeks to regulate.

Equivalence: Regulatory standards should be set to
be no less demanding than those currently applied to
comparable manned aircraft nor should they penalize
UAV Systems by requiring compliance with higher
standards simply because technology permits. UAV
operations shall not increase the risk to other
airspace users or third parties. UAV operators
should seek to operate within existing arrangements.

Transparency: The provisions of an Air Traffic Service
(ARS) to a UAV must be transparent to the Air Traffic
Control (ATC) controller and other airspace users. (...)
UAVs must be able to comply with ATC ingtructions and
with the equipment requirements applicable to the class
of airspace within which they intend to operate.

The U.S. Department of Defense faces the problem
of enabling their military UAVs to fly in civil
airspace. The Office of the Secretary of Defense has
provided the Airspace Integration Plan for
Unmanned aviation (2004). Two of the principles
guiding their approach are repeated here:

Do no harm: avoid new initiatives that would
adversely impact air traffic control procedures and
manned aviation.

Conform rather than create: avoid the creation of
dedicated UAV regulations as much as possible. The
goal isto achieve transparent flight operations in the
National Airspace System.

These guidelines and principles will have a great
impact on how future UAV Systems will be designed
to comply with the regulations internationaly. For
the most part they indicate that UAVs should fit in
seamlessly with manned aviation and meet equivalent
levels of safety. Only time will tell, when the actual
regulations are enacted, how much room is left for
dedicated UAV regulations.

All UAVs have to meet the regulations whether the
UAYV is autonomous or piloted from the ground.
Those UAVs that depend on a communication link
for control are sensitive to failure of that link. Failure
may be due to eg., amospheric disturbances,
hijacking attempts, jamming or tactical maneuvering.
In any casein civil airspace, the UAV must ensure its
safety and that of the other airspace users. How
regulation will precisely deal with this mode of
failure is unclear but it has been suggested that every
UAV will need an autonomous mode that is capable
of sense and avoid to ensure safety (Airspace
Integration plan, 2004; UAV Task Force 2004). In
the next paragraph the problems associated with
developing UAV autonomy are addressed.

Another obstacle, and technological challenge, is that
present UAVs cannot yet detect manned aircraft and
conflict situations. Therefore they cannot safely share
airspace with manned aircraft. To become accepted
in civil airspace, UAVs need to have the capability to
‘sense and avoid’ other aircraft in their operating
environment with the same level of safety as human
pilots. This problem will also be addressed in the
next paragraphs.

Problem For mulation

In the air traffic domain rules, procedures and
regulations have centered on the way humans
communicate and on human cognitive capabilities.
The focus of the problem is on how human operators
communicate about the meaning in the domain and
build their situation awareness. For autonomous
UAVs to effectively behave like manned aircraft,
they need to be able to communicate about the same
meaning and therefore share the same kind of
situation awareness with human operators.

There are three areas of interest with respect to UAV
behavior. To be a full participant in the airspace a
UAV must be:

1. capable to sense and avoid other aircraft and
obstacles.

2. afull participant in the ATC environment

3. ableto cope with unanticipated events

1. Sense and avoid A lot of emphasisis put on ‘sense
and avoid’ capability in the conceptual regulations
because it is an important capability of critical safety
concern. To us the term ‘sense and avoid’ seems
incomplete because it omits the decision process that
intermediates ‘sense’ and ‘avoid’. Assuming that
obstacles and other aircraft can be sensed, the weight
of the problem isin deciding what action to take. Part



of this process is assessing the situation and possibly
negotiating a solution. Situation awareness plays an
important role in this and the ‘sense and avoid’
capability is therefore seen as an integrated part of
the overal autonomy and decision making
architecture of the UAV.

2. Full participation in the ATC environment
Controlled airspace is a complex socio-technical
environment that is shared by many people that
contribute to the system and are interdependent for
function and safety. UAV's should become part of this
environment and therefore integrating UAVs with
existing ATC is not a matter of programming the
optima solutions for the problem but instead it is a
metter of finding best human practice. A purely
technological solution alone will not address the full
scope of the integration problem; hence human factors
isacore element of the UAV integration process.

Communication is the most important interface
between the UAV and the ATC environment. It
allows parties to share information, express intentions
and resolve conflicts. It is unlikely that UAV's will
communicate through speech but it will need to be
able to use the concepts used in ATC and understand
their meaning. How a UAV can understand meaning
isrelated to how it can have situation awareness.

3. Unanticipated events This topic is left untouched
by the concept regulations. It is the area where CSE
is thought to have its major contribution. In the
Airspace Integration Plan (2004) for unmanned
aviation it is suggested that “Preprogrammed
decision trees are built to address each possible
failure during each part of the mission” (airspace
Integration plan for unmanned aviation, office of the
secretary of defense, 2004). Although this technique
will cover a lot of failure modes in possibly a very
effective way, there will always be some failures that
were not anticipated by the designers. To ensure an
equal level of safety as manned flight, UAVs need to
be able to effectively cope with unanticipated events.
To improvise and come up with new solutions to new
problems requires an understanding of the structure
of the work domain. The UAV needs to have this
understanding / awareness.

A Domain Representation for UAVs

The difficult question is. “how to create machine
Situation awareness that is compatible with human
situation awareness?’ The answer lays in how the
domain is represented internally: the UAV’s mental
model of the work domain has to be compatible with
how human operators think of the work domain. The

internal model will aso determine the UAV’s
capabilities of dealing with the environment. We
believe that part of the solution is in how people
make abstractions in their work domain and that the
properties of Rasmussen's abstraction hierarchy
(Rasmussen, Peijtersen, and Goodstein, 1994) are
central to this approach. To satisfy the requirements
pointed out earlier, the abstraction hierarchy is
proposed as the basis for the domain representation
for autonomous UAVs.

The abstraction hierarchy is proposed as the basis for
a domain representation mainly because its properties
that are important to work domain analysis are also
important for the intended domain representation. As
described by Vicente (1999), the first important
property is the psychologicaly useful way it
represents complex work domains. The second
important property is that it provides an informational
basis for coping with unanticipated events. Both are
shortly discussed below.

Psychological relevance The abstraction hierarchy
consists of multiple domain representations on
different levels of abstractions that are linked through
functional means-ends relations. This type of
hierarchy is explicitly purpose oriented and alows
operators to deal with complexity effectively. Each
level describes the domain but moving up the levels
there is less detail and more purpose and meaning.
Thus the top level describes the domain’s functional
goals which are usually abstract and the lowest level
describes the physical implementation. For the air
traffic domain you will find abstract terms like traffic
flows, safety, and efficiency in the upper levels and
more concrete terms like flight path, aircraft, and
engine in the lower levels. Note that the abstraction
hierarchy intended here covers the air traffic domain
and not only the UAV system.

The abstraction hierarchy connects the elements of
the work domain in means-ends manner so that they
can be seen in relation to what their meaning is. This
is the property that alows goa oriented problem
solving. The problem solving itself is constrained to
that which is relevant by starting on a high level of
abstraction, moving down only concentrating on the
subset of the domain that is connected to the function
of interest. This allows for computationally economic
problem solving (Vicente and Rasmussen, 1992)
which isimportant to all resources limited agents.

To be trangparent UAV decisions and actions should be
based on a domain representation similar to that of the
human operators. A domain representation is needed
that is compatible with human thinking. The



psychological relevance of the abstraction hierarchy has
this implication. If the abstraction hierarchy is indeed
psychologically relevant and people do reason within an
abgtraction hierarchy representation, it can form the
common language in a socio-technica system. In other
words, when a domain representation that is based on
the abstraction hierarchy is successfully implemented in
a UAV it should be able to ded with the domain
complexity in a goal oriented way and communicate
about the meaningful concepts in the domain. It should
generate behavior that is compatible with the human
way of dedling with the same problems. This is a first
step towards man-like behavior as will be required
by authorities.

Coping with unanticipated events Unanticipated
events are by definition not foreseen by designers.
Currently systems are not very good at dealing with
these events and they form a big threat to safety. In
ecological interface design (EID) the abstraction
hierarchy representation provides a basis for coping
with unanticipated events (Vicente and Rasmussen
1992). The abstraction hierarchy framework is used
because it captures the domain complexity while it
does not have built-in rules or procedures for dealing
with the complexity. The work domain is described
in terms of constraints that it imposes on the operator
and does not describe actions or tasks to deal with the
domain. When constraints are broken or not met,
which will happen when the actual behavior and
intended behavior differ, the representation provides
aframework for goal directed problem solving.

Thisisin contrast to programming decision trees that
address each possible failure during each part of the
mission, but leave the unanticipated events
unaccounted for. The abstraction hierarchy is
constrained based and not rule based thus attention
needs to shift from rule based reasoning to constraint
based reasoning. The ideais that in combination with
constraint based programming the representation can
be used to deal with situations that wouldn’t be
captured in a rule-based knowledge system. It can be
used to cope with unanticipated events.

As with EID, the abstraction hierarchy is used to
support knowledge based behavior. However, it is not
intended to engage in problem solving activity for
every encountered situation. Rule based and skill
based behavior can be much more computationally
effective to apply to known solutions. To make this
distinction the system will need to detect whether a
known solution will be effective or if it needs to
generate a new solution in a new situation. It is
hypothesized that the abstraction hierarchy
representation can support making this distinction.

Conclusion

The main benefit of developing this architecture is
the psychologica relevance it has. It is a
representation compatible with human problem
solving. The work domain is represented in a way
that is similar to the mental model of the human
operators. When the architecture is based on such a
representation it is expected that the UAV will
behave according to human expectations and become
compatible with human interaction. The immediate
benefits are that the abstraction hierarchy:

. provides a psychologically valid representation
for goal directed problem solving.

. forms a common language for agentsin a socio-
technical domain.

. provides an informational basis for coping with
unanticipated events.

. supports computationally economic problem
solving.

Situation Awarenessfor UAVs

The next important question is. “what is situation
awareness in amachine?’ It is an interesting question
because there is not a clear answer to what situation
awareness is in a person. Before successfully
integrating manned and unmanned flight it is
necessary to have some understanding of how a
machine can be aware of its situation and what that
means. This paragraph is the result of a first
assessment and explains what is though to be a useful
path that will lead to UAV situation awareness.

The notion of situation awareness is hard to grasp, it
is not tangible and at times seems to describe itself.
As pointed out by Flach, Mulder and van Paassen
(2004) it isimportant that we don’t dlip into using the
description of the phenomenon as an explanation of
the phenomenon.

To come more to grips with the concept of machine
SA acomparison is drawn with the concept of safety.
Safety is an important property of many systems we
build, especialy aircraft. Aircraft that are unsafe are
not allowed to fly. It is awell defined property of the
aircraft (by regulations) but nowhere can a
component, a subsystem, a process or any ‘box’ be
found in an aircraft that is labeled ‘safety’. This is
because safety is an aggregation of the properties of
the components and their interactions. Safety has an
abstract meaning and is not directly observable.
When designing situation awareness the designer
should not aim for building a box or a process that can
be labeled ‘situation awareness. A UAV'’s situation
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awareness is, like safety, an aggregation of system
properties, processes and their relation to the actual
dtuation. It is reflected by the system’s interactions
with the environment, thus how it deals with the
situation. The first step the designer should focus onis
building an architecture for the system that allowsit to
understand the situation. Our first step is the domain
representation as proposed in this paper.

Flach et a. (2004) state that an understanding of what
is meant by the term ‘situation’ is essentia for any
progress toward a coherent theory of SA. The
abstraction hierarchy is considered as a description of
how experts organize or chunk complex information.
In the same sense designing an understanding of the
situation in the work domain is needed for any
progress towards designing SA. And the abstraction
hierarchy is proposed as a domain representation for
understanding the situation; a means for the designer
to chunk complex information in a way that is
compatible with human reasoning.

Shared Situation Awar eness

The term ‘shared situation awareness is used here to
describe the capability of UAV, pilots and other
operators to share their dStuation awareness. The
importance of shared Situation awareness to automation
is discussed in relation to collison avoidance. Collision
avoidance is very important for UAV operations
because collision avoidance (sense and avoid) capability
needs to be demonstrated before UAVs are alowed to
fly in civil airgpace. That the matter is more complicated
than equipping UAVs with a Traffic Collison and
Avoidance System (TCAS) is illustrated by what is
referred to as the Ueberlingen midair collison. Nunes
and Laursen (2004) describe the events of that night and
identify a number of contributing factors, ranging from
system malfunctions to human factors issues that took
the safety redundancy out of the system. Under such
circumstances it can be anticipated that some errors
remain uncaught but what is gtriking is that TCAS, a
system designed as a last safety measure to resolve a
traffic conflict when al ese failed, was unable to
prevent a fatal accident. On board commercial jets
TCAS interrogates the transponders of nearby aircraft.
When a possible collision is detected one pilot istold to
climb and the other to descend and thereby resolve the
conflict. However, according to Nunes and Laurson
(2004) TCAS itsdf was a contributing factor that led to
the accident.

The Ueberlingen Accident

On the night of the 1¥ of July 2002 a midair collision
took place above Lake Constance, Germany. The

collison involved a Boeing 757 en route from
Bergamo to Brussels and a Tupolev-154 that was
flying form Munich to Barcelona. Both aircraft were
equipped with the Traffic Collision Avoidance
System (TCAS). The aircraft flew at the same
altitude (FL 360) and their trajectories intersected at
an angle of 90 degree above Lake Constance, they
were on acollision course. Just seconds before TCAS
gave both pilots a resolution advisory the air traffic
controller at the Zurich Area Control Center
contacted the T-154 and instructed the pilot to
descend to FL 350 to avoid collision. Seconds later,
TCAS detected the possible collision and instructed
the Tupolev pilot to climb and the Boeing pilot to
descend. The Russian Tupolev pilot received
conflicting commands and decided to obey the air
traffic controller and to ignore TCAS. The Tupoloev
descended to FL 350 where it collided with the
Boeing that had followed the TCAS advisory and
also descended to FL 350. All 71 people were killed.
TCAS conflict resolution is based on the assumption
that both involved aircraft actually follow the
resolution advisory. Free interpretation of the TCAS
is incompatible with TCAS philosophy because it
does not account for situations where one aircraft
does not follow instructions as was the case in the
Ueberlingen accident.

When there is a conflict between ATC and TCAS,
European pilots are advised to follow the TCAS
advisory. In contrast Russian pilots are trained to take
both the ATC commands and TCAS advisory into
account before making a decision. The British pilot of
the B757 followed TCAS and descended to FL 350,
and the Russian pilot of the T154 chose to ignore
TCAS and follow the ATC command to descend to FL
350 as well. Why the Russian pilot took this decision
at that time will remain unknown but it does point out
that there must be arguments for pilots to assume that
ATC is in control and has priority over TCAS. The
fact that the Russian pilot had not contacted the air
traffic controller about the conflicting commands
suggests that these arguments might be quite strong. If
it is indeed the case that pilots can have good reasons
to believe that they should not obey TCAS the
assumption that al arcraft follow the traffic
resolution becomes unreliable. Unreliable because the
parties involved based their Situation awareness on
different assumptions.

The air traffic controller did not know that the given
command to descend was in conflict with the
resolution advisory that TCAS issued seconds later.
The Russian pilot in the T-154 probably thought that
the air traffic controller was resolving the conflict
and decided to obey the controllers command without
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confirming this. The British B757 did what made the
most sense to him to avoid a possible collision and
followed the TCAS advisory. The assumptions they
made, made sense to their own understanding of the
situation but were incompatible with one another.

The described TCAS problems can be translated into
alack of shared situation awareness as a contributing
factor. What the TCAS contribution to the accident
points out is that the situation awareness of one
airspace user is not enough. The situation must be
shared by al involved parties, they must have the
same understanding of the situation and work
domain; they must share situation awareness.

With respect to TCAS, improvements could be made
to make sure that the controller has the same
information as the pilots when a TCAS adert is
triggered. One way of doing this could be to
automatically inform ATC that a conflict is detected
and that what advisories have been issued.

CaliforniaCrisis

The above story cannot really be told without telling
about how TCAS saved the day in a potential disaster
unfolding in the southwestern U.S. skies on Tuesday
14" of September, 2004. The crisis occurred at the
Los Angeles Air Route traffic Control Center in
Palmdale California at around 5 pm. The center that
is responsible for aircraft flying above 13000 feet
suddenly lost contact with all 400 aircraft in 460 000
square kilometers of airspace over California and
parts of Arizona, Nevada and Utah including the busy
McCarren International airport in Las Vegas
(Geppert, 2004). The cause was a software bug and
left aircraft in the area without ATC guidance to keep
them separated. Quick thinking controllers used
mobile phones to alert other traffic control centers
and the airlines that their aircraft were on a collision
course but the real life saver was TCAS. Commercial
jet pilots were able to avoid collisions by following
the issued TCAS advisories. That evening no
collisions took place despite the large number of
aircraft involved.

This incident shows us that communication does not
by definition enhance shared situation awareness. In
this event the lack of communication gave the pilots
no other choice but to rely on the TCAS resolution
advisories for collision avoidance.  Given the
situation it was safe for pilots to assume that the other
involved pilots relied on TCAS for collision
avoidance as well and that it was their highest
priority. The lack of communication made all pilots
assume the same thing about their situation which

resulted in a high degree of shared situation
awareness and the safety of 400 airplanes.

Discussion and Future Work

The problem of UAV integration is a much larger
problem than just fitting UAV's with clever ‘sense and
avoid’ equipment. Because UAVs will be required to
operate like manned aircraft, human factors is a core
element of the integration process. UAVs need to have
Situation awareness like human pilots and they need to
be able to share their world understanding with people.
The abstraction hierarchy has been identified as a
valuable framework for representing the work domain
and the situation, i.e. the constraints shaping behavior.
It is hypothesized that the abstraction hierarchy as a
domain representation will form the basis for goa
directed problem solving and deding with
unanticipated events.

Future research will focus on how the abstraction
hierarchy can be formalized into software and used to
reason about the world and engage in goa directed
problem solving activities. The representation will be
compatible with the human way of reasoning about the
work domain. It can form the common language
between multiple operators in the domain, including
human (actors) and artificial operators (agents). When
actors and agents make their decisions based on the
same goal directed representation of the work domain
they will be able to understand each other’s behavior
despite their different internal workings. Eventually
this should lead to shared situation awareness which is
a dtate in which multiple operators (artificia and
human) have a great deal of similarity between their
understandings of the situation.
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An exploratory study was conducted to investigate knowledge and skill retention of foreign military fighter pilot
trainees with intermediate levels of flying experience. Twenty participants completed a standardized advanced skills
fighter-training program that lasted about 10 months for the first class (n=12) and eight months for the second (n=8).
Following flight training, the students engaged in non-flying duties (i.e., leave, English training classes). Members
of the first class did not resume flying for a minimum of eight months; the second class returned to the simulator or
the flight line within three months of completing initial training. Thus, two retention intervals were available for
analysis. Analyses of instructor estimates of the students skill and knowledge retention revealed significantly
greater perceived decay among the students in the first class. Furthermore, the students in the second class were
perceived to have been better prepared for their sorties than thosein the first.

Introduction

Research psychologists have been examining the
acquisition and retention of human learning for well
over one hundred years. Learning acquisition has
been extensively examined in many thousands of
resecarch papers. However, the retention of
knowledge and skills acquired in the learning process
has been less extensively studied and therefore less is
known about the topic.

Pilots must learn a tremendous number of skills and
considerable knowledge to be safe and effective. This
learning takes place over many months or perhaps
even years. While most pilot certification testing
takes place soon after the initial learning occurs, the
pilot may not be called upon to use many skills or
pieces of knowledge until a considerable time after
the initial learning takes place. The retention of skill
and knowledge of pilots is the theme of the study
reported in this paper.

Of the relatively few aviation learning retention
studies that have been performed, most examined the
retention of lower order skills such as procedures. As
we explain in the literature review section of this
paper, we have found few aviation learning retention
studies that have examined higher order cognitive
skills such as decision-making. This study examined
retention of a variety of skills, both simple and
complex, but we believe the most interesting findings
relate to the complex cognitive skills necessary for
basic fighter maneuvering and air combat.

One reason for this relative dearth of research into
learning retention has to do with the difficulty of
conducting such retention research, especially
compared to what is required to investigate learning
acquisition. Most human retention studies require the
subjects to return to be retested days, weeks or
months later. It is often difficult to entice all of the
subjects to return for this retesting. Some reasons
might be: subject leaves the local area, subject is too
busy, the subject did not like the experiment in which
they participated, or the subject simply forgets to
come at the appointed time. Regardless of the reason,
it can be difficult to get a complete sample of
subjects to participate in the retention part of a
learning study.

For this study the experimenters were able to avoid
many of the problems usually associated with
enticing retention subjects to return for the retention
portion because the pilot subjects were enrolled in a
military training program and they had to return as
part of their military duties. In addition, the study had
a unique advantage over other studies that have
examined pilot learning retention because the pilots
did not fly between their first training course and a
seasoning course that was offered many weeks later.
Typicaly, pilot trainees start flying operational
missions shortly after their initial training is
complete. Even if researchers wish to measure
learning retention, the operational flying performed
by recently graduated pilots serves to bias the
retention measurements. That is, if the operational
flying requires the pilot to use any of the skill or
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knowledge being measured in the retention study, the
retention measures eventually taken are not true
reflections of how much skill or knowledge decay
that has occurred after the learning acquisition
portion of the study.

A majority of the research concerning knowledge and
skill retention has been conducted in the laboratory
rather than in applied settings (Arthur et al., 1998;
Hagman & Rose, 1983; Nembhard, 2000). Because
the literature on natural tasks supports the contention
that retention is stronger in this condition than for
artificial tasks (Arthur, et. al., 1998), more research
needs to be conducted in real world settings. This is
important for the military because Reserve and
National Guard units are often called to service with
long periods of non-use of the skills required when
deployed (Arthur et a., 1998). Furthermore, although
retention research was conducted in aviation severa
decades ago, few recent research undertakings have
addressed the issue. Finaly, given the complexity of
modern aviation systems, and the conflicting findings
in the literature concerning the retention of complex
tasks, it is necessary to readdress these issues.

Literature Review

The learning research literature records decades of
studies examining the acquisition of knowledge and
skills. However, by comparison to the acquisition
literature, the literature on retention of skills and
knowledge isrelatively sparse (Hagman & Rose, 1983;
Lance, Paris, Bennett, Teachout, Harville, & Wélls,
1998). Although the phenomenon has been studied for
more than a century, the lack of regularities in the
findings cause the construct to often be excluded from
theories and models (Rubin & Wenzel, 1996). Despite
the fact that retention has not been the subject of much
research in aviation, empirical studies from avariety of
domains have suggested a number of factors that have
been associated with the decay of learned information
and skills.

Retention Intervals

The retention interval is the period of time between
the initial learning and the subsequent use of a skill
or learned material. Research in which varying
retention intervals were studied reported that
retention decreased as the length of the interval
increased (e. g., Adams and Hufford, 1962; Arthur,
Bennett, Stanush, and McNelly, 1998). Fleischman
and Parker (as cited in Prophet, 1976) found that
participants trained on a flight simulator retained
virtually al of their perceptual-motor skills after

retention intervals of up to 24 months, after which
decay was marked. Studies conducted by Bahrick
(1984) and Bahrick and Phelps (1987) indicated that
learned information started to decay shortly after it
was acquired, but reached a plateau after five or
Six years.

Retention of Procedural Skills

The retention of procedural skills has received a great
deal of research attention. In their metaranalysis of
the literature on retention, Arthur, et al., (1998) found
that procedural skills (e. g., pre-flight checks) were
more prone to decay than continuous skills (e. g.,
tracking, flight control). Adams and Hufford (1962)
reported nearly complete loss of procedural
skills (i.e, a bomb toss exercise) following a
10-month retention interval.

In addition to being prone to decay, highly
proceduralized tasks may have negative implications
when an anomal ous situation occurs. In their study on
memory and cockpit operations, Nowinski,
Holbrook, & Dismukes (2003), stated that when a
habitual procedural task is delayed the typica cueis
no longer present and the task may be forgotten,
especidly if the person isbusy or tired.

Retention of Intellectual Skills

Although there is much research on the acquisition of
complex intellectua skills, there is little literature on the
retention of those skills. In their analysis on the retention
of complex skills required to perform military tasks,
Lance, et d. (1998) found that more complex skillswere
more likely to be forgotten than less complex kills,
especialy over long retention intervals.

In a study on the learning and retention of a complex
industrial  skill, Nembhard (2000) found that
experienced workers learned and forgot faster than
their inexperienced counterparts. As task complexity
increased, however, the rate of decay evidenced for
the more experienced workers decreased. Nembhard
attributed the more robust retention rate to the better
developed schemas of the experienced workers.
Similarly, Sauer, Hockey, and Wastell (2000)
conducted an experiment in which participants were
trained to perform complex spacecraft life support
control functions. They found that participants
retained the skills acquired following an 8-month
layoff, regardless of whether they received
procedure-based training or system-based training in
which a higher-order understanding of the system
was fostered.
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Practice

Investigators have found that retention is facilitated
by spacing the initial learning over time, rather than
by massing practice in a shorter time frame
(Baddeley, 1999; Hagman and Rose, 1983). In a
review of retention studies, Hagman and Rose found
that spacing learning trials was most effective before
the participant became proficient at the task. In
addition, providing a greater interval between
learning sessions was not as effective as spacing
trials. During the early phases of learning complex
skills such as flying, regular well-spaced lessons
promote the acquisition of the requisite skills.
Although the number of trials of any given procedure
or maneuver are limited during each session, further
practice occurs in subsequent lessons as the required
skills are integrated.

Practice may dso take place apart from the actual
training conditions. Mental practice is “the symbolic,
covert, mental rehearsd of a task in the absence of
actua, overt, physical rehearsd” (Driskell, Copper,
and Moran, 1994, p. 481). In their metaanaysis,
Driskell et a. found that, although practice in the
actua training condition was found to be more
effective, mental practice enhanced retention for
physical and cognitive skills, with a greater positive
effect for cognitive tasks. The meta-analysis aso
supported the idea that mental practice was less
effective when employed by novices. Findly, brief
periods of mental practice were optimal; the benefits of
the practice decreased as the practice period increased.

M ethods
Participants

Twenty participant pilot candidates completed a
standardized advanced skills fighter-training program
in the A-4 aircraft that lasted about 10 months for one
class (n=12) and eight months for a second class (n=8).
Upon completion of the initial training program, the
students in the first class engaged in duties that were
not related to aviation (i.e., leave, English training
classes) for a period of eight months. They then
returned to the training facility for seasoning training.
Students in the second class aso had a break between
initial and seasoning training, however, the retention
interval was limited to three months.

The seasoning training included a combination of
activities that were designed to enhance the retention
of the previoudly learned skills and knowledge. Once
the seasoning portion of the curriculum was
completed, the students were introduced to new skills
and knowledge.

Sixteen instructor pilots (IP's) were employed by a
private commercia flight training company to
instruct the students. All had previous fighter
instructor pilot experience. For any given sortie,
students were paired with an instructor based upon
scheduling constraints. Thus, the students trained
with a variety of instructors during the course of the
program.

Retention Measurement | nstrument

A paper questionnaire instrument was developed to
obtain the instructor pilots’ subjective assessment of
the level of knowledge and skill retention exhibited
by each trainee (see Appendix A). In addition, the
instructors were asked to estimate the extent to which
the student was prepared for the seasoning sorties.
That question was asked so that the experimenters
could make an estimate of whether student
preparation contributed to the IPs estimates of
retention. Both assessments were measured on ascae
from 0 to 100, representing the percentage of
retention and preparation. |Ps also indicated whether
or not they had instructed the student on the skill set
in initial training. The assumption was that IP
familiarity with the trainee from previous flights would
likely lead to a higher estimate of retention. Finaly,
IP's indicated the sortie identifier, the date of the
flight, and the student’ s class number (i. e, 1 or 2).

Procedures

Upon the completion of each flight during seasoning
training, the IPs completed the instrument to provide
an assessment of the student's retention and
preparation for that flight. Five functions were
included in the seasoning training and were eval uated
for the present study. For each function, a series of
re-familiarization sorties was flown. Transition
training consisted of a series of flights that addressed
aircraft handling and basic and aerobatic flight
maneuvers. A series of simulator flights were
conducted to practice emergency procedures.
Instrument flight procedures, including basic
instrument, radio, and navigation procedures, were
also practiced in a series of flights. Basic and tactical
formation skills were addressed in two- and four-ship
formation flights. Finally, a minimum of ten training
flights dealt with basic fighter maneuvers, including
offensive and defensive maneuvers.
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Results
Knowledge and kill Retention

For the retention measure, a total of 102 usable IP
ratings (64 for class 1 and 38 for class 2) were
obtained for the sorties identified as the first flights
using the skills associated with the function since
initial training. Incomplete or illegible rating sheets
were excluded from the analyses. T-tests were
conducted to assess the |P's perceptions of the level
of learning retention in the interval between the basic
and the seasoning courses. Analyses of |P estimates
of the students’ retention for al sorties for each class
revealed a significant difference between the classes
(taoo) = -2.523, p < .05), with grester decay perceived
among the students in the first class.

Also of interest was the retention evidenced based on
the type of function (e. g., emergency procedures,
basic fighter maneuvers, formation). Due to the small
number of IP evaluations for some of the function
types for each class, statistical analyses were not
conducted. To determine if there were evident trends
between the classes, however, the data were plotted
on a bar chart. As Figure 1 illustrates, retention
was perceived by the IPs to be poorer for the first
class in al phases of training with the exception
of Formation.

Class
O1

3 1 u2
14 13 7

100

80—

] ©

60—

Mean Retention %

40 The numbers
above the bars
indicate the
number of
usable
questionnaires
for the function.

20

0
: I I
Transition Instruments Basic Fighter Maneuvers
Emergency Procedures Formation

Type of Function

Figure 1. Bar chart illustrating IP ratings of skill
and knowledge retention by function.

Student Preparation

Similarly, a difference was detected between the
classes regarding the IP's assessment of student

preparation for seasoning training (tsy = -2.258, p <
.05). Students in the second class appeared to arrive
better prepared than those in the first class.

The small number of assessments of student
preparation for many of the sortie types aso
precluded statistical analyses at this level. The bar
chart in Figure 2, however, illustrates a similar trend
as was detected for knowledge and skill retention.
Students in the second class were generaly better
prepared than those in the first for al function types
except Formation.

Class
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13 |

] »
|

o
=]
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The numbers
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number of
usable
questionnaires
20 for the function.

Mean Preparation

I
S
1

0 T T T
Transition | Instruments Basic Fighter Maneuvers
Emergency Procedures Formation

Type of Function
Figure 2. Bar chart illustrating IP ratings of student
preparation by function.

| P/Sudent Training Continuity

T-tests were also conducted to assess differences in
IP ratings based upon whether or not the pair flew
together in initial training. Mean ratings of retention
were not significantly different. Ratings of student
preparation, however, were significantly different
(ts) = -2.653, p < .05). IPs indicating that they flew
with the student during initial training were more
likely to rate preparation lower than those who had
not flown with the student.

Discussion

It is difficult to design aviation learning retention
studies that prevent the learning subjects from
practicing their aviation skills between the initial
learning events and the retention measurement. Pilots
want to fly and look for every opportunity to do so.
Thereisvery little that will prevent them from flying,
even if it is to advance the cause of science. This
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study took advantage of a mandatory aviation
“grounding” of the learning subjects because they
were not allowed to fly in the retention interval. For
that reason the study is unique.

Due to the necessities of the aviation training
program, the first group did not fly for eight months
after their initial training course, and the second
group did not fly for three months. Not surprisingly
the IPs perception of the group with the shorter
retention interval was that they retained significantly
more skills and knowledge compared to the group
with the longer retention interval. Clearly, the five
extra months that the first group had to wait between
their last flight in the initial training and the first
flight in the seasoning training had a very deleterious
effect on their overall performance.

An important question for future research is to
examine whether the drop off in learning retention
came fairly suddenly during the five additional
months that the first group didn’t fly, or whether the
skill decay was consistently gradual across those five
months. Co-authors of this paper, who are IPs
instructing in the course described here and who have
considerable Instructor Pilot experience, believe that
the new learning decays at a fairly constant rate, and
then suddenly drops fairly precipitously sometime
between the three and eight month retention interval.
Their experience, which is supported both by this
study and by literature reviewed, is that procedural
skills (e.g., emergency procedures) decay very
rapidly, motor skills (e.g., landing skills) less rapidly,
and higher order skills, such as decision making,
decay with the greatest variability based on
individual differences.

The students in the training program described here
were not from the U.S., and English was a second
language for them. The IPs in the program were
convinced that language difficulty contributed to the
skill and knowledge decay observed. It stands to
reason that trainees who struggle with understanding
concepts because their English language skills are
deficient will suffer in both their acquisition of the
skills and knowledge and perhaps in their retention of
the skill and knowledge. The authors are not yet
ready to ascribe retention difficulties solely to
language problems. Since the IPs were only asked to
rate the retention of the trainees in the two classes,
and not to make judgments about the quality of their
acquisition, it is difficult to know how much retention
suffered compared to acquisition. The authors
assumed that the trainees had reached at least the
minimum criteria level in the acquisition phase of
training since the trainees were all graduated to the

seasoning phase. However, since actua acquisition
levels were not measured as part of this study, it may
be that language difficulties effected acquisition but
not retention. The literature review did not reveal any
studies that examined the impact of language skills
on retention, but we suggest that this would be an
interesting topic of research given the international
nature of aviation training.

IPs in this study were asked to rate the flight
preparation of trainees that the IPs flew with in
seasoning flights. Not all 1Ps flew with all studentsin
the acquisition stage either because of scheduling or
because there were new IPs hired for the seasoning
phase. The surveys reveded that IPs rated students
with whom they had flown with in the acquisition
phase of training as being less prepared for the
seasoning flights than trainees they had not flown with
in the acquisition phase. This finding seems
counterintuitive because one might assume 1Ps would
be somewhat biased toward students they had already
instructed and would be more likely to give them
higher preparation ratings. We believe that the
counterintuitive finding might stem from a bias in the
opposite direction from what we expected. That is, IPs
had certain “pride of ownership” in the capabilities of
the students they had previoudly trained and therefore
had higher expectations for them in the seasoning
phase of training. If that is true, we believe that the IPs
were somewhat harsher in their judgment of the
preparation of their former trainees than they were for
students with whom they had not previoudy flown.
Such a phenomenon would account for the low ratings
for former students regarding their preparation.

Piloting skills and knowledge are prone to decay over
time. We believe this study contributes to a fairly
small body of literature that casts some light on this
decay and retention phenomenon. The aviation
research community can do the aviation industry a
great service by continuing to conduct aviation skill
and knowledge retention studies. Data gathered from
these studies can be used to eventually build models
of learning retention which would be of great valueto
those responsible for training and retraining pilots.
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This scale below presents a simple scale from 0 % to 100 %. For each flight we ask that you provide an overall
assessment of how much of the skill set you believe the student has retained since the last time they used that skill
set. That is, please give us an overall assessment of the amount of skill retention the student has maintained in the
period between the last time they used the skill set and the flight you just finished with them.

Mission Number
Date
Class 1 2

0 % = Noretention at all of the skill set
100 % = Complete retention of the skill set

0% 10 20 30 40 50 60

70 80 90 100%

Did you instruct this student on thisskill set in theinitial training? Y N
How well prepared do you feel the student wasfor this sortie?

0 % = Notatal prepared for the sortie

100 % = Extremely well prepared for the sortie
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Too often, successful system development projects fail to leave a legacy of design transfer information, beyond
providing access to the mere physical descriptions of the system, or the software code itself. Y et, information about
high-level design decisions, assumptions, constraints, philosophies and methodologies is often sought after by
system designers, engineers, and researchers alike. Such information is critical for facilitating an understanding of
the design and evaluation decisions that underlie the final design. In contrast, published articles about a given
complex system are usually limited to discussions of experimental results and in applicability beyond the academic
and research community. This paper presents an argument for the development of an interactive multi-media design
transfer library that provides a detailed legacy of the philosophy, design rationale and supporting data behind new
aviation systems and conveys important guidelines, methodologies and “lessons learned” from the course of their

research and development.
Introduction

To increase the efficiency and safety of surface
operations, the Taxiway Navigation and Situation
Awareness (T-NASA) cockpit display suite (see
Figure 1), comprised of an electronic moving map
(EMM) and a scene-linked head-up display (HUD
was proposed, and then subjected to an extensive
human-centered design and evaluation process over a
6-year period (Andre et a. 1998; Foyle et al. 1996;
McCann et a. 1998; Hooey, Foyle and Andre, 2002).

During this period, nearly every type of research
activity was performed, including:
e Jump seat field observations of pilots and air
traffic controllers.
e Focus group studies with pilots and air
traffic controllers.
e Studies using head and eyetracking
equipment.
e Low fidelity part-task desktop design
concept studies.

o Medium-fidelity part-task  simulation
studies.

e Full-mission high-fidelity simulation
studies.

e Flight testsin NASA’sB757.

The focus of the studies varied as well, to include:
e Research to determine pilot information
requirements during taxi.
e Research on user interface design options.

e Research to identify factors that contribute to
current-day problems (safety/efficiency).

e Research comparing future operationa
concepts against current conditions.

e Research focused on crew roles and
procedures.

e Research focused on systems integration
issues.

e Research focused on near- vs. far-term
technology assumptions.

e Research focused on benchmarking and
quantifying safety and efficiency benefits of
T-NASA.

e Research on usage characteristics.

Figure 1. The T-NASA System.
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The Need for Design Knowledge Capture

Looking back on the T-NASA project, the research
and development team realized that there was a vast
quantity of information that could be passed on to
manufacturers interested in the T-NASA system,
regulatory agencies such as the FAA, aviation
researchers and system developers, airlines and
airline purchasing agents, and others outside of
aviation who might generalize the philosophy,
research approach and principle-based design
techniques to their non-aviation product or system
projects. Moreover, this information is not
traditionally made available to those outside of the
research and development team. For example, design
concepts that were dismissed are rarely, if ever,
discussed in publications or design specifications.
Yet, that information, and specifically why a given
design element was not deemed applicable or
optimal for a given context, could be vita
information to another researcher or developer, or to

aregulatory agency.

Another common problem occurs when transferring
software code. Often, those on the receiving end
(manufacturers, system developers, etc.) forget that
there is more to a system specification than just the
software code behind the interface. Important design
details, recommended procedures and other usage
constraints are not contained within the code, and
therefore can be easily ignored or misrepresented as
the code travels through the devel opment process.

Clearly, then, there is gap between what is typicaly
published about the design or evaluation of a
proposed system design and the information deemed
necessary for facilitating an understanding of the
critical design and evaluation decisions that underlie
it. In an effort to both capture the activities and
results of the T-NASA program and others like it,
and to provide a useable form of traceability of
the system philosophy, design guidelines,
and research decisions, we argue the need for
knowledge capture tools that can be used during the
development process.

There are few tools in existence that purport to aid in
the capture of design-relevant knowledge, and what
tools do exist either focus purely on communications
(e.g., the eectronic cocktail napkin; Gross, 1996) or
are used for the purpose of enabling people outside
the project group to understand, supervise, and
regulate what is done by the team (e.g., Gorry et al.
1991), or to secure intellectual property generated by
the design team (Shipman & McCall, 1997). Further,
they do not support real-time knowledge capture.

Perhaps most telling is that few design teams make
use of such tools.

While not the main focus of this paper, we advocate
the future development of an easy-to-use, web-based,
real-time knowledge capture or “design knowledge
archive’ tool; one that will capture, without undue
effort on the part of the design team, high-level
design decisions and rational associated with the
design of complex aviation systems, as they are
crafted. Such a tool would provide the underlying
knowledge data base to support the automatic
creation of an electronic, interactive multi-media
design technology transfer library. The value and
potential makeup of such a resource is described in
the following section.

A Design Technology Transfer Library

The true amount of “data” and documentation that
describes the research and development of a complex
avionics system designed for human interaction can
be daunting. In our initial concept for a prototype
design technology transfer library, we have employed
a familiar “ladder” metaphor. As shown in Figure 2
below, the user “climbs’ the ladder, ending at the top
shelf of the library with a description of the final
design of the T-NASA system. The left side of the
ladder presents the user with information specific to
the development of the system, while the right side of
the ladder presents the user with various categories of
more generalized knowledge transfer information.

Figure 2. lllustration of main menu category items
from a prototype of the T-NASA design technology
transfer library.

The following is a brief description of the proposed
purpose and content of each of these categories. The
examples cited are specific to the T-NASA system
and are intended only to illustrate the type of content
that should be represented for any aviation system.
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System Development Information

The categories of information related to system
development are represented on the left side of the
ladder in Figure 2.

Project Goals. To appreciate any system design one
has to understand the project goals and objectives
that the designers attempted to achieve. These goals
and objectives may be defined by indices of safety,
performance, capacity or usability, or specific use
contexts, and may have derived from a government
or industry program. For example, the main
objective of the T-NASA system was to improve
terminal area productivity in low-visibility conditions
(Foyle et a., 1996). Design decisions were made
based on this objective, which might have been
different if, for example the goal was to improve
safety in ‘zero-zero' (no visibility) conditions.
Specifically, for the former context we deemed
augmented reality displays to be most appropriate, in
which information is overlaid onto actual elementsin
the visual environment. In contrast, the latter context
(no visibility) would require computer-generated
virtual reality displays.

Clearly, then, without knowledge of the target goals
and use contexts one could not understand, evaluate
or appreciate the design of T-NASA. Worse still, the
system could be adopted and used under
circumstances for which it was never intended,
creating safety hazards, or a falure to redize
potential benefits.

Philosophy. Whether explicitly known to the
designers or not, behind every design effort is an
inherent design philosophy. This philosophy guides
the design process and is the root of many design
decisions. For example, a core philosophy of the
T-NASA design was to support local control of the
aircraft only with conformal, “head-up” information,
while supporting global situation awareness with a
head-down display (Foyle e a., 1996).
Documenting, and communicating the design
philosophy helps avoid “feature creep”, and prevents
future designers and developers from adding
elements or modifying the design in a way that
violates the original design philosophy.

Development History. Many end-users of this design
transfer library may be interested in the devel opment
history of the system in question. Often, to better
understand the ultimate design of a system, it is
necessary to study the various incarnations it took
during its development. This is a golden opportunity
for the design team to explain and justify features and
design elements that are NOT included in the final
design. In fact, one could argue that it is often more

informative to know why something was not included
than to know why something was included.

For example, in the design of the T-NASA moving
map, there was an active decision to NOT display
taxiway centerlines in order to maximize eyes-out
time and discourage the use of the map for local
control purposes. Without documentation of this
decison, and the rationde for it, future
designers/developers could add a centerline without
realizing the potential negative consequences.

In addition, systems engineers are often looking for
information about a given system’s
hardware/software  platform; information rarely
specified in a human factors publication. Details
regarding the assumptions that were made about data
resolution, sensor reliability, and false alarm rates (as
examples) are important to document. With rapid
advancements in technology, it is very likely that
what is considered a design constraint at the
beginning of a design process is no longer a
limitation by the time the system is fielded. This
information would enable system engineers to
differentiate between characteristics that were
intended by design, or simply legacy due to
(outdated) technology limitations.

Design Process. Capturing the design process and
demonstrating a human-centered approach is
recognized as an important element to document
among the human factors community (e.g., Hooey,
Foyle and Andre, 2001). Often, manufacturers or
regulatory agencies are interested in the activities and
process carried out to evaluate and/or validate the
design. How were design requirements determined?
How was the system tested? Were subject matter
experts used to validate the proposed design? Was
there a process to identify relevant procedural issues
that might need to be addressed in order to
accommodate the system? The processes that were
engaged in to answer these questions can, and should
be, articulated.

Evaluation/Assessment. Here, information on the
assessment methods and data is found. Both
guantitative and qualitative studies can be
summarized, with samples of actual data, statistical
analyses, etc. Documenting this information allows
manufacturers, regulatory agencies, potential users,
and purchasing agents to understand the extent to
which the system has undergone a comprehensive
evaluation process. For example, it is possible that a
system demonstrates increased productivity, yet was
never tested for safety impacts, or workload effects.
Further, it is possible that a system was tested under
nominal, or ideal operating conditions, yet was never
tested under off-nominal or failure scenarios.
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Without this form of documentation, it is difficult for
various stake-holders to make informed decisions
about adopting a system.

The System Design

In Figure 2 the final system design is represented by
the T-NASA “shelf” at the top of the ladder. Here,
the end-user would see the actual system design, be
able to watch video of the system in action, and have
access to an interactive design specification. The
latter component could be presented in the form of an
illustration with embedded hyperlinks that allows the
user to hover over any design element and read a
description and justification of that element.

In addition to design details, this category would aso
include information on usage assumptions, roles and
responsibilities and assumed procedures. For
example, information about usage assumptions can
be helpful for future users of the system, those
involved in developing training programs and
standard operating procedures, and those responsible
for integrating systems into future cockpits.

Knowledge Transfer

The categories of information related to knowledge
transfer are represented on the right side of the ladder
in Figure 2.

Test Guidelines. Beyond the data obtained from any
given test or evaluation, it is often the case that useful
methodological guidelines for testing similar systems
or in similar contexts can be gleaned from the various
research activities (Andre et al. 1998). As such, this
section is devoted to conveying test guidelines,
methods and best practices.

Tools and Techniques. Just as there are useful test
guidelines to transfer, there are various tools and
techniques employed by the design team over the
course of the system’s research and development that
are useful to document. For example, a particular
design  techniqgue  (shadowing, perspective,
transparency, etc.) or software program may have
been used to render the specific look or behavior of a
given interface element.

References. Most research and development efforts
produce some amount of published material. Here, all
references (and actual publication content) directly
and indirectly related to the project are contained,
ideally in an electronic form. Also this category could
contain industry standards and guidelines that were
used in the process.

Lessons Learned. All large-scale systems design
projects are inherently educational in nature. Too
often, the valuable lessons learned are not captured
and transferred to future designers or engineers. This
section provides an opportunity for the design team
to communicate valuable information in perhaps a
more personable form. Information on how system
designers can best communicate design information
to developers, or how to avoid feature creep are
examples of useful lessons learned.

Future Mission. This section provides an opportunity
for the design team to “close the loop” by indicating
where the end-user might expect to see a commercial
production of the system and/or future activities
planned by the design team. In addition, insights into
how the product may be adapted or useful for other
contexts can be communicated.

Making it Interactive

Having the right information is one thing, making it
easy, engaging and worthwhile to interact with is
another. We advocate that the information contained
in the library be presented in an interactive, multi-
media format, making use of the latest software and
audio-visual technologies, including images, sounds,
animation and video.

Summary

Too often, successful system development projects
fail to leave a legacy of design transfer information,
beyond providing access to the mere physica
descriptions of the system, or the software code itself.
Thus, a gap exists between what is published or can
be gleaned from looking at the final system design
and the comprehensive library of knowledge,
activities, guidelines and data often left to the
memories of the design team. We argue the need for
easy-to-use, real-time distributed software tools for
capturing the knowledge and process behind the
research and development of complex avionics
systems. We advocate that the output of this tool be
used as the input to an interactive, multi-media
design technology transfer library, with the end-
purpose of creating a detailed legacy of the
philosophy, design rationale, development history
and supporting data behind new aviation systems and
conveying important guidelines, methodologies and
“lessons learned” from the course of their research
and devel opment.
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Weather is amajor limiting factor in the National Airspace System (NAS) today, accounting for roughly 65% of all
traffic delays. Because we cannot control weather and safety must be maintained in the presence of weather- related
hazards, our ability to mitigate the effects of weather through advances in weather prediction, human factors,
decision support tools, automation and display technology are critical to supporting the projected growth in air travel
demand. This paper presents the core ideas, human factors approach, and initial display concepts for supporting al-
weather operations in the future NAS, developed as part of NASA’s Virtual Airspace Modeling and Simulation

(VAMYS) program.
Introduction

Weather is a mgjor limiting factor in the NAS today,
accounting for roughly 65% of al traffic delays.
Because we cannot control the weather and because
safety must be maintained in the presence of weather
related hazards, our ability to predict the weather and
how it influences air traffic are criticd elements in
designing the future NAS. As part of NASA’s Virtual
Airspace Modeling and Simulation (VAMS) project we
have been developing concepts for mitigating weather
effects, and thus restoring or increasing the NAS
capecity, for the years 2020 and beyond.

The capacity of the NAS is ultimately limited by its
ability to accommodate safe and efficient travel under
all weather conditions. The key to greater capacity in
the NAS lies in our ability to accurately predict and
adjust the future state of the NAS on a timescale
consistent with critical NAS response times. From a
Human Factors perspective we have developed a
triad of core ideas to represent our concept for
increasing the NAS capacity in the context of

weather. The core ideas are: 1) flexible traffic
management, 2) shared situation awareness, and 3)
coupled weather and traffic prediction. The “Core
Idea Triad” is based on the philosophy that the
optimal plans, strategies and responses for mitigating
weather effects cannot be fully achieved without
common situation awareness among different NAS
users, coordination of traffic plans, and sufficient
information sharing and transfer.

We have developed a set of scenarios that depict both
current day and future concept operations in the
context of capacity-limiting weather events, across
different levels of scope (e.g., local weather events,
ground vs. upper air weather, propagating westher
events) and involving different sets of NAS users
(pilots, ATC, traffic managers, dispatchers, etc.).
Each scenario details the weather phenomena in
guestion, how the weather impacts current-day
operations, future roles and responsibilities, decision
support tools (DSTs) and other user interfaces
derived from our core ideas and concepts. Further,
for each scenario we have developed a preliminary
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set of functiona illustrations, which serve to
demonstrate the information that a given user, or set
of users, might have accessto in the future NAS.

A Human Factors Approach

A major element of this project was the identification
of key human performance objectives, listed below.
Our belief is that these issues underlie many of the
previous failed attempts to introduce automation and
decision aiding to the NAS at alarge scale.
e Improve the Distribution of Data and
Provide Toolsto Assist with its Use.

e Make Technologies Useful in Spite of their
Brittleness

e Constrain the Solutions Suggested by a DST
Based on Human Factors Considerations.

e Support Collaboration and Coordination
among distributed NAS operators.

A Human-Centered Design Process

As part of the concept design process, we first
developed a high-level human-centered design
approach.  This approach is represented by the
following main human factors themes.

e Implement new technology to enhance
performance while employing human-
centered design techniques to support
human decision making, keep operators in
theloop and in control.

e Utilize communication and display
technologies to share relevant information
and perspectives between pilots, dispatchers,
controllers and traffic managers.

e Help formalize and automate useful
procedures carried out today in a manual,
effortful and ad-hoc manner.

e Maintain current roles and responsibilities as
much as possible, but support proactive
problem solving through  advanced
technology, human-centered DSTs and
shared awareness interfaces.

o Develop redigtic solutions that can
implemented in the near-term or in phases
over time.

e Design distributed work systems and
procedures in order to avoid excessive
cognitive complexity and workload for any
oneindividual.

Our User Interface Approach

Our approach to user interface design, which we intend
to apply to al operators within the NAS, is to impact
the user's ahility to access, understand, integrate, and

act on the variety of information sources, and to do so
in support of both individual and group work, in a
timely fashion and with undue levels of workload and
stress.  New and emerging sensor, agorithm and
display technologies will be considered in our effort.
Finally, our interface design approach is supported by
the following design principles.

e Shared awareness — push relevant and
context-sensitive, though not identical
representations of, information to various
NAS users towards facilitating collaborative
decision making.

e User control/authority—support user, don’t
make decision for them.

e Transparency — alow the user access to the
logic behind any calculation, algorithm or
decision support solutions.

e Multi-modal — provide users with multiple
information views or perspectives, taking
advantage of different input and processing
modalities.

e Collaborative — provide interfaces that make
collaboration between NAS users efficient,
easy and beneficial.

e Flexible - prevent automation and
technology brittleness by alow the user to
choose the parameters, to alter the logic, to
add constraints not considered by the DST,
to override automatically created values, and
to adjust levels of uncertainty.

e Present Wx implications, not just data —
provide the user with the implications or the
effects of WX, not just the data. In doing so,
the interface is performing a common
cognitive task for the human, that is,
determining how Wx conditions will affect
aircraft performance, arport surfaces, and
other safety variables.

e Sdiency — provide sdient, at-a-glance
indicators of overload, capacity loss,
uncertainty, predicted effectiveness.

e Modding and comparisons- provide the user
with tools to model and compare various DST
solutions, before selecting a specific initiative.

e Usxr defined condraints — alow users to
define and input congtraints that may not be
known to the computer system.

e Input of user priorities— alow timely and easy
input and adjustment of user priorities.

e Visud modeing— provide layered visud
representations of solutions, effects and Wx so
that the user can easily see how the proposed
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initiative  will
congraints.

e Hidory-provide the user with access to
historical data (e.g., delayed or pop-up flights),
success rates and system-derived estimates of
the applicability of a DST solution to a given
context or situation.

mitigate Wx and other Concept Interfaces

On the following page we present some of the
concept interfaces developed as part of this effort.
They are aready making a large impact on the
aviation community and future plan for mitigating
weather effects on our national airspace system.
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An evaluation of Boeing 737 line pilot performance of memory items in 5 abnormal checklists was performed in a
single-blind experiment using tabletop exercises at the crew base of a major U.S. airline. A study of 16 pilots shows
that performance of memory items results in errors in identifying the failure, selecting the proper checklist to be

completed, and checklist step errors.
Introduction

Some system failures that can occur on commercial
airliners require flight crews to perform checklist steps
from memory prior to referring to the checklist. These
steps, called memory items or recall steps, are for time
critical actions crucial to the safe continuation of the
flight (e.g., preventing severe aircraft damage or crew
incapacitation). Typically, line pilots do not study
memory items except in preparation for a proficiency
check (PC), usually every 6 or 12 months. They arrive
for their evaluation prepared to be tested on the recall
of the memory items. Their performance in these
evaluations may not reflect their performance on the
line, months after a PC.

This study examines whether line pilots are familiar
enough with the memory items to perform all of them
reliably, without prior knowledge that they will be
evaluated. It was predicted that the performance of the
memory items would show errors of commission,
omission, and order due to the pilots’ infrequent
review of the memory items. This impromptu method
of evaluation more closely resembles an unanticipated
inflight emergency. This paper reviews some of the
literature on performance under stress and then
discusses the results pertaining to errors in
identification of failures and errors in checklist
selection. Although checklist step omission and order
errors were observed, this paper will focus on the
commission errors in the completion of checklist steps.

Human Performance Under Stress

An inflight emergency requiring timely action imposes
a great deal of stress on the flight crew. Previous studies
have shown that recall under high-stress conditions is
more prone to errors than recall under low-stress
conditions [8]. These errors, as they relate to checklist
use, may include errors in identifying the abnormal
condition, selecting the correct checklist, and errors of

commission (adding steps or performing
incorrectly), omission (missing steps), or
(completing steps in the wrong sequence).

steps
order

Baddeley [1] presented a review of studies that included
performance of deep-sea divers, combat aviators in
actual combat, soldiers in simulated emergencies, and
skydivers. These studies evaluated the performance of
manual dexterity tasks, tracking tasks, and attention to
peripheral cues. They showed that danger manifests
itself in human performance through a narrowing of
attention or through an increase in time to complete a
manual dexterity task. The narrowing of attention can
potentially lead to increased performance only if the
task being performed is understood to be important.
However, performance on tasks made to seem
peripheral during an emergency can deteriorate [3].
Similarly, if the task is so complex as to require
attention to numerous cues, the narrowing of attention
will result in an inability to integrate relevant task
information and an inability to conduct a proper
assessment of the situation [6].

It is possible that training can mitigate some of these
effects. However, even though pilots receive regular
training in emergency procedures in simulators, that
does not mean they are unaffected by the stress of an
actual emergency. An emergency in a simulator is not
perceived as life-threatening. If the pilot fails, the
simulator can be reset for another attempt. Unless a
pilot has had repeated experience in dealing with a
truly dangerous emergency, performance in a real
emergency could be similar to a novice. It has been
shown that subjects are able to inhibit fear and prevent
it from affecting their performance only if they are
repeatedly exposed to a dangerous situation [1]. Due to
the reliability of today’s airliners, it is unlikely for the
average airline pilot to have this kind of exposure in an
airplane.
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Sress Effects on Problem Analysis

It is possible that performance on infrequent tasks,
such as identifying the root cause of multiple failures
or shutting down an engine inflight, is affected more
by stress than are common tasks. This is “an effect that
has profound implications for the design of procedures
to be used under the stressful conditions of
emergency” [9].

This effect can sometimes be observed when people
continue with a planned series of actions they are
familiar with even when the actions appear
unsuccessful or inappropriate. By acting before
analyzing the situation, the operator may exacerbate
the situation, which may induce more stress, and make
it increasingly difficult to identify the original cause of
the failure. This is related to an effect referred to as
confirmation bias, where a person attends to cues that
support a belief, and discounts cues that contradict the
belief. Confirmation bias has been demonstrated in the
use of automation and even in the diagnosis of
everyday situations [4, 5, 7]. Other studies have shown
that under stress, subjects are less effective and more
disorganized at considering alternative solutions and
incorporate less data in decision-making [6].

Stress Effects on Completion of Checklist Steps

Discussions with pilot participants in this study suggest
that the requirement to perform certain actions from
memory implies a sense of urgency in the performance
of those actions. This introduces another potential
source of error due to the loss of accuracy as speed is
increased, an effect that is best described by the speed-
accuracy operating characteristic (SAOC). The SAOC
is a function that represents the inverse relationship
between accuracy and speed. As the performance of a
task requires more speed, accuracy is reduced until it
approaches chance. If accuracy is excessively
emphasized, then the time required to complete a task
increases greatly with little improvement in accuracy.

Wickens & Hollands [9] summarize studies that
demonstrate the effects of stress, induced by speed or
by threat of bodily harm, on performance accuracy.
For example, bomb-disposal experts performing under
stress made more errors while working faster, and
subjects who were threatened with the potential for
electric shock gave up on problem-solving activities
early.

Using an emergency descent as an example, an earlier
study [2] showed that crews performing an emergency
descent from memory took longer to descend than
crews using the checklist. The difference in descent

time resulted from omission errors by crews
performing memory items. They occasionally omitted
deploying the speedbrake, causing the airplane to
descend slower. On the other hand, crews that
performed the procedure by reference to the checklist
did not make these errors, but took longer to complete
the checklist. Regardless of the time required to read
through the checklist, the crews performing the
procedure by reference descended to a safe altitude in
less time because of the use of the speedbrake.

The perceived requirement to perform checklist steps
quickly from memory during high-stress situations is at
odds with the need to perform those checklist steps
accurately. There is a potential for loss of accuracy as
the performance speed increases. Attempting 100%
accuracy would require so much time to complete a
checklist that other flying tasks would be disrupted.
There is a tradeoff between getting the procedure done
quickly, and getting it done while minimizing the
possibility of error.

The following methodology seeks to identify examples
of these errors in the flight operations domain. Even
though inducing a level of stress similar to that of a
real emergency was not possible in this study, it was
hypothesized that errors of commission, omission, and
order would still be observed.

M ethodology
Participants

Sixteen 737 line pilots at a crew base of a major U.S.
airline volunteered for the study. These pilots were
already at the crew base either in preparation for a
flight or returning from one. Participants were
accepted without regard to experience level and
participated in the study individually and not as a
member of a two person crew. Pilots reported being
trained in both the 737 Classic and 737 NG.

Procedure

In order to avoid any priming effects in the recall of
their emergency procedures, subjects were not
informed of the purpose of the research. They were
instead briefed that:

= the research was on the suitability of the 737
alerting system,

= they would be asked to talk through five
procedures, and

= the results from this study may be relevant to the
design of a new alerting system in future airplanes.
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A brief survey of experience was collected. This
included data on total number of hours flown, their
time in airplane type, flying time since last PC, and
their crew position.

Subjects were seated in front of a poster of the flight
deck. For consistency, a color poster of the 737 Classic
flight deck was used. Five non-alerted abnormal
procedures that contain memory items were used. They
included aborted engine start, engine limit/surge/stall,
rapid depressurization, runaway stabilizer trim, and
dual engine failure.

The experimenter began each scenario by describing a
normal flight situation, and then interjecting cues that
suggest a particular failure. Subjects were asked to
react to the cues as they would inflight, performing any
procedures they felt were necessary. When responses
to the scenarios seemed vague, the researcher probed
the participants to encourage them to elaborate. The
participants were provided with their airline Quick
Reference Handbook (QRH), and were allowed to
select the checklist they felt was most appropriate for
the situation. Each session lasted approximately
30 minutes.

Results
Demographics

The participants in this study were 16 current line
pilots at a major U.S. airline. Of those pilots, one was
eliminated from the final analysis because he
determined during the interview that an evaluation of
the performance of memory items was the goal of the
research.

Weeks
Since
Total = Months Time in QRH
Time | Since PC = Type Used
13,40
Mean 4 6 6,614 13
Standard
Deviation @ 6,829 | 4 6,535 17
Minimum | 4,500 | 0.5 400 1
25,00
Maximum | 0 11 20,000 52

Table1. Demographics

Data from the experience survey is presented in Table
1. Nine First Officers and six Captains participated.
Two pilots incorrectly reported their total time and
time in type, and their numbers were excluded. Seven
pilots had prior military experience ranging from land
and carrier-based fighters to large transports. Pilots

who did not have military experience came from
various corporate jets, commuter planes, other large
commercial airlines, and corporate turboprops.

Checklist Selection Errors

When pilots were given an engine start condition with no
oil pressure indications, four pilots initially chose the
Engine Low Oil Pressure checklist. Upon reading that
checklist, two of those pilots realized it was not
appropriate for the situation, and correctly selected the
Aborted Engine Start checklist. One pilot reported that
there was no checklist needed, and that a maintenance call
would be the only action required after completing the
engine shutdown. The remaining 10 pilots correctly
referenced the Aborted Engine Start checklist (Table 2).

# of
Checklists selected pilots
Aborted Engine Start 10
Engine Low Oil Pressure 2
Engine Low Oil Pressure > Aborted Engine
Start 2
None

Table 2. Aborted Engine Start Checklist Selection

The Engine Limit/Surge/Stall scenario had the lowest
identification rate (Table 3). Only two pilots
referenced the correct checklist. One of those two
selected the Engine Fire/Severe Damage/Separation
checklist first. The remaining pilots referenced various
checklists, including Engine Fire/Severe
Damage/Separation, Engine Failure/Shutdown, and
Engine Overheat.

# of
Checklists selected pilots

Engine Limit/Surge/Stall (Correct) 1

Engine Fire > Engine Limit / Surge / Stall
(Experimenter prompted the correct checklist
by saying the engine was “surging”)

—_—

Engine Failure
Engine Fire
Engine Overheat > Engine Fire

Engine Overheat

—_ = = NN

Engine Overheat > Engine Failure

Table 3. Engine Limit / Surge / Sall Checklist
Selection

31



The remaining three scenarios had few checklist
selection errors. One pilot selected the Auto
Fail/Unscheduled Pressurization Change checklist
during a rapid depressurization. Another pilot
performed the Stabilizer Out Of Trim checklist in the
runaway stabilizer scenario.

Checklist Sep Errors

The majority of checklist step errors occurred during
the completion of the dual engine failure memory
items. Many of those were commission errors. These
included:

e bringing the thrust levers back to idle before
attempting to restart the engine,

e advancing the thrust levers as the engines failed in
an attempt to get them to restart,

e starting the APU to try an assisted start,

e waiting three seconds to attempt a restart after
shutting off the fuel,

e placing the ignition selector to both, and

e using engine anti-ice (Figure 1).

—— Ignition Selector............ccccoevieeennnnen. Both

— Thrust Levers.........ccccooceevviennnene Advance

—— Engine Start Levers..........cccocoveeiennnn. Idle
Engine Start Switches.............c.......... Fit

— Turn around

—> Thrust Levers........ccccccvovinneeneennn. Close

— Engine Anti-iCe.........occoeeiiiiiieiiie e, On
Engine Start Levers............cc........ Cutoff

EGT decreasing:

——— Wait three seconds:

If EGT exceeds 950°C:
— > Allow engines to overheat

Repeat above steps

Attempt restart one at a time

Figure 1. Dual Engine Failure Commission Errors.
Bold items indicate the correct steps. Arrows indicate
all additional steps performed by the 15 pilots.

In the rapid depressurization scenario, two pilots
included additional steps:

e verifying the engine bleeds were on, and
e closing the bleed air isolation valve (Figure 2).

— Engine bleed switches............ccccuueeeen. On
— Isolation valve.............cccccccviviviiennnn. Close

Oxygen masks & regulators....On/100%

Crew communications............ Establish
Pressurization mode selector......... Man
Outflow valve........ccoocvvvveeeeenennennn. Close

Figure 2. Rapid Depressurization Commission Errors.

Four pilots made commission errors in the completion
of the runaway stabilizer trim checklist by attempting
to activate the electric trim switches in the direction
opposite the runaway. One of those four pilots stated
that he would also attempt to engage a different
autopilot in the hopes that it would not experience the
same malfunction (Figure 3).

Control column.........ccueee.. Hold firmly
Autopilot (if engaged)........... Disengage
— Electric trim in opposite direction
— Engage other autopilot
If runaway stabilizer continues:
Trim cutout switches............... Cutout

Trim wheel........c............ Grasp & hold
Figure 3. Runaway Sabilizer Commission Errors.
Discussion
Checklist Selection Errors

When presented with cues to an abnormal situation,
pilots sometimes omit a thorough analysis of the
situation. This became evident through previous
observations of pilots performing abnormal procedures
in simulators and anecdotal evidence. The pilots in this
study demonstrated a tendency to fixate on the most
prominent cue and perform the checklist appropriate to
that cue. However, a thorough analysis of the situation
can reveal that the single most prominent cue does not
always lead the pilot to the correct checklist.

There were 23 checklist selection errors. With the
following three exceptions, the errors appear to be
caused by the pilots’ fixation on a single cue.
Experimenter error in describing the rapid
depressurization failure to one pilot gave the
impression that the cabin altitude began to stabilize at
approximately 12,000 feet, which led him to the Auto
Fail/Unscheduled Pressurization Change checklist.
Another error was due to a pilot’s belief that no
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checklist was required for an aborted engine start.
Finally, one pilot referred to the Dual Engine Failure
checklist as the Engine Inflight Start checklist, but
performed the correct memory items.

The remaining 20 checklist selection errors appear to be
caused by pilots fixating on a single cue, and performing
the checklist that appears most related to that cue. For
example, in the aborted engine start, the cues given to
the pilots were the continued illumination of the LOW
OIL PRESSURE light and no oil pressure indication.
Four pilots stated that, given those cues, they would
complete the Low Oil Pressure checklist.

Two of those pilots realized the Low Oil Pressure
checklist was inappropriate by considering the
reasonableness of the checklist steps they were
reading. The checklist directed the pilots to the Engine
Failure/Shutdown checklist, which is meant for an
inflight engine shutdown. A shutdown of an engine on
the ground is simpler than a shutdown inflight and
these pilots determined that irrelevant steps such as:
starting the APU, maintaining fuel balance, and
preparing for a single-engine landing, indicated they
were in the wrong checklist. However, one pilot who
entered the Engine Failure checklist from the Low Oil
Pressure checklist did not consider the appropriateness
of the checklist steps he was reading, and showed a
tendency for perseveration. He went so far as to
complete the Engine Failure checklist, reading aloud
and bypassing irrelevant steps to complete the only
step required to actually shutdown the engine while on
the ground.

In the engine limit scenario, the 14 subjects who did
not select the correct checklist instead performed the
checklist that most closely reflected the cue they said
was the most important. One pilot initially selected the
Engine Fire/Severe Damage/Separation checklist, but
turned to the Engine Limit/Surge/Stall checklist only
after the experimenter said the engine was “surging”.
The term “surging” was not used as a cue in any other
scenarios. Pilots who were primarily concerned by the
abnormal “popping” or “banging” noises referenced
the Engine Fire/Severe Damage/Separation checklist,
stating that they believed the noises suggested severe
engine damage. Pilots who considered excessive
exhaust gas temperature (EGT) to be more important
completed checklists related to overheat conditions.
The pilot who referenced the Stabilizer Out Of Trim
checklist in the runaway stabilizer scenario did so
because he believed the STAB OUT OF TRIM light
would be illuminated.

Checklist Sep Errors

There appear to be consistent patterns in the observed
checklist step errors. Many of the commission errors
appear to result from the pilots’ creativity in dealing
with an abnormal situation. It was observed that many
pilots perform steps in addition to what was required
based on their understanding of how the airplane
systems functioned, even though their understanding of
the systems may be incorrect. Some pilots explained
that the performance of some additional steps occurs
because of knowledge of the intricacies of a complex
system gained over years of experience or knowledge
of common and simple failure modes, which are not
addressed in the checklist. This may resolve the
situation without the need for a checklist. In other
cases, an incorrect or incomplete understanding of the
system may lead pilots to perform additional steps that
delay the completion of steps necessary to resolve the
situation, or that may exacerbate the condition.

The pilots’ creativity in dealing with certain situations
was most evident in the dual engine failure scenario,
which had the highest number of commission errors. A
possible explanation was apparent in the pilots’
response to this scenario: a desire to “do whatever it
takes” to resolve a serious situation. Their perception
was that this failure was so severe that they would
exercise their authority as pilots, beyond what is
written in the checklist, in an attempt to get an engine
running, regardless of the consequences. Some pilots’
willingness to allow the engines to exceed EGT and
overheat, contrary to the guidance in the checklist,
demonstrated this belief.

Most errors of commission were intended to
troubleshoot the failures, such as: advance the thrust
levers, verify the start levers are at idle, turn around to
exit the heavy rain that caused the failure, and
manually select both igniters. This last step
demonstrates a misunderstanding of the ignition
system. By correctly completing the recall item in the
checklist, both igniters were automatically energized.

When the situation called for a shutdown of both
engines, two pilots performed the additional step of
delaying 3 seconds between restart attempts. They
explained that this stemmed from a folk belief carried
over from their military background that additional
time was needed for excess fuel to clear the engine
before attempting a restart.

This disposition towards creative troubleshooting was
also seen in the Runaway Stabilizer Trim and Rapid
Depressurization checklists. Errors of commission
included moving the electric trim switches in the
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opposite direction and engaging the other autopilot.
One pilot reported that he had experienced a runaway
stabilizer in the past, and activating the electric trim
switches stopped the runaway. This is an example of a
pilot’s knowledge of the failure modes of a complex
system that could resolve the situation without using
a checklist.

The rapid depressurization scenario showed that some
commission errors, such as closing the isolation valve
and ensuring the engine bleeds are on, would not
exacerbate the situation, but would not be beneficial
either. They would simply delay the completion of the
necessary steps. Moreover, the manual closing of the
isolation valve demonstrates a lack of understanding of
the bleed air system. This step is not required because
the valve is already closed during its normal operation.

On the other hand, some commission errors aggravated
the situation. An example was seen in some pilots’
willingness to allow the engines to overheat while
restarting after a dual engine failure. The consequence
of the overheating could be engine damage and a true
engine failure, instead of the original problem of a
temporary flameout due to an environmental condition
such as heavy rain, resulting in no engine damage.

Conclusion

The results demonstrate that pilots have difficulty
identifying the cause of the failure and selecting the
correct procedure. After identifying the situation,
knowledge of the appropriate memory items is such
that pilots commit errors in recall even during
unstressed conditions with a poster of the flight deck
for context.

None of the five failure scenarios in this study had a
distinct indicator light that would annunciate the
condition. Pilots were forced to analyze the cues and
determine the appropriate procedure. This is an
uncommon and involved task, and not performing it
may force pilots to complete only those tasks they are
familiar with, such as following an illuminated LOW
OIL PRESSURE light to the Low Oil Pressure
checklist during an aborted engine start, or fixating on
abnormal engine noises and performing the Engine
Fire/Severe Damage/Separation checklist, instead of
the more appropriate Engine Limit/Surge/Stall
checklist.

The observed checklist step errors showed that pilots
commit a number of errors. The majority of the
commission errors were steps performed by pilots to
resolve a failure based on their knowledge of the
airplane systems. Some of these commission errors

demonstrated a misunderstanding of how the systems
in the 737 functioned. Other errors were a result of
either knowledge gained during a real experience in
the past, or a belief carried over from previous
organizations and airplanes, which may no longer
be applicable.

Implications

Even though the method used in this study did not
induce stress, it allowed for an evaluation of the pilots’
knowledge of the memory items without prior
preparation. Pilots generally perform well during their
PCs, and possibly better than inflight, because they
expect an evaluation and can prepare for it. Pilot
performance observed in this study may be closer to
that in an inflight emergency, in which the pilots are
unprepared to perform their memory items.

Clearly, an inflight emergency places a pilot under a
great deal of stress. Based on the literature review, it
can be inferred that errors similar to those observed
here may occur inflight during an actual emergency,
and may even occur more frequently due to increased
stress. Conducting a similar study in a full-flight
simulator may provide a level of stress similar to what
is experienced in a real emergency. The results
obtained from a simulator could be a more realistic
representation of the results obtained inflight.
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HUMAN CENTERED DECISION SUPPORT TOOLSFOR ARRIVAL MERGING AND SPACING
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A simulation of terminal area merging and spacing with air traffic controllers and commercial flight crews was
conducted. The goa of the study was to assess the feasibility and benefits of ground and flight-deck based tools to
support arrival merging and spacing operations. During the simulation, flight crews arrived over the northwest and
southwest arrival meter fixes and were cleared for the flight management system arrivals to runways 18 and 13 right.
The controller could then clear the aircraft to merge behind and space with an aircraft on a converging stream or to
space behind an aircraft on the same stream of traffic. The controller remained responsible for aircraft separation.
Empirical research was performed to assess air and ground tools and the effects of mixed equipage. During the all
tools conditions, 75% of the arrivals were equipped for merging and spacing. All aircraft were ADS-B equipped and
flew charted FMS routes which were coordinated based on wake turbulence separation at the arrival runway. The
aircraft spacing data indicate that spacing and merging were improved with either air or ground based merging and
spacing tools, but performance was best with airborne tools. Both controllers and pilots exhibited low to moderate

workload and both reported benefits from the concept.
Introduction

At the core of the concept of Distributed Air-Ground
Traffic Management is the idea that Nationa
Airspace System (NAS) participants can be
information suppliers and team members who
collaborate at all levels of traffic management
decision making (Raytheon ATMSDI, 2003). One
such concept and the focus of this paper is Concept
Element 11 (Terminal Arrival Self-Spacing for
Merging and in-Trail Separation).

Sorensen (2000) characterizes the CE 11 approach
process as involving one of three operational modes.
Each mode possesses potential benefits but also
presents significant operational and technical
challenges. These modes are: Free Maneuvering,
Merging, and Spacing. During Free Flight
Maneuvering, equipped aircraft can design their own
direct path within a defined approach corridor (not
under investigation in this study). Merging occurs
when an equipped aircraft is delegated the
responsibility for adjusting in-trail position behind
the designated lead aircraft approaching from another
stream; finally, the Spacing concept is one in which
an equipped aircraft is cleared to maintain a
specified temporal position from a designated lead
aircraft.

The objective of CE 11 is to minimize the in-trail
spacing buffers between terminal area arriving
aircraft flying under instrument meteorological
conditions (IMC). CE 11 utilizes time-based, in-trail

spacing to take advantage of the natural spacing
compression of arriving aircraft as they decelerate in
preparation for landing (Abbott, 2002). To support
the transition of responsibility for maintaining the
desired spacing interval, from the controller to the
flight crew, advanced ATM technologies (decision
support tools — DST) were developed for both
controller and flight crews (Granada, Dao, Wong,
Johnson, Battiste, 2005).

In a previous study of merging and spacing, NASA
ARC researchers employed a human-in-the-loop
simulation with pilots and controllers, and tested
time-based merging and spacing. Results of this
study highlighted the need for clear delegation of
responsibilities and unambiguous procedures under a
variety of operationa scenarios. Specificaly,
controllers were unclear about pilots separation
responsibilities. This ambiguity was particularly
apparent when aircraft were spacing less than the
assigned interval but still further than the legal
separation requirement. Results of a follow-up study
at NASA ARC reflected the progress made through
the development of tools and procedures. When
given the choice of issuing a spacing clearance to
equipped aircraft, the TRACON controllers opted to
provide the clearance about 85 percent of the time.
This finding suggests that controllers were
comfortable with the tools and procedures, and
confident with the ability of pilots to accurately self-
space (Lee, et a., 2003).
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During an operational evaluation of in-flight spacing
and merging, display integration was identified by
flight crews as an issue when spacing information
was presented on the NAV Display (ND). The FAA
Safe Flight 21 operational evaluation data collected
from flight crews identified display integration,
clutter, and heads-down time as important display
integration issues (Cieplak, Hahn, and Olmos, 1999).

The Flight Deck Display Research Group at NASA
Ames has designed a suite of tools which should
enable operators to safely and efficiently perform the
necessary merging and spacing tasks essential to the
success of the concept. In this report, we focus
mainly on the evaluation of the flight deck DST.
However, some discussion of the controller tools and
tasks are necessary to set the context in which the
flight deck tools were evaluated. The cockpit
situation display (CSD), which is presented on the
ND, includes a 3-D cockpit display of traffic
information (CDTI), and the merging and spacing
tools (FDDRL, 2004). The CSD integrates
information derived from the spacing algorithms with
traffic position, aircraft identification and intent to
present a display of the current and predicted traffic
situation (see Figure 1). Armed with this information
and tools, flight crews were alowed to perform
airborne merging and spacing operations when
cleared to do so by the controller. This paper also
examines the feasibility of the merging and self-
spacing concepts from the flight deck perspective
under mixed traffic conditions, where only some of
the aircraft were equipped for self-spacing and
merging. See Callantine, Lee, Mercer, Prevot and
Palmer (ATM-2005) for CE-11 ground side resullts.
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Figure1: 3-D Cockpit Stuation Display

Methods
Pilot Participants

Nine air transport and/or commercial rated pilots and
four certified professional controllers participated in
the study. Pilots had an average of 10,405 flight
hours and 3,912 hours in glass cockpits. All flight
crew members were familiar with the advanced 3-D
CDTI display system and received 2 days of training
on the merging and spacing task and procedures.
Four full performance level controllers with
TRACON experience manned the feeder and final
control positionsin dual TRACON operations.

Experimental Conditions

Four experimental conditions were crested to examine
pilot and controller performances No Tools, Ground
Tools only, Air Tools only, and Air & Ground Tools.
Data was collected from thirty two trids, with eight
trids per condition. To assess the operationa feasibility
of the concept from the flight deck perspective, the
following items were assessed: assigned vs. achieved
inter-arrival spacing, usability/usefulness, flight crew
workload, and safety. Additionally, pilots were asked to
provide comments on the issue of call sign confusion
when multiple aircraft IDs (cal signs) are used in a
dngle transmisson. Post run and sSimulation
guestionnaires were used to assess concept feasibility
and display usability.

HAMBjd/ DFW
TRACON

Final West

Center Ghost

Feeder West

Tower Ghost

FEVER /

Figure 2: DFW TRACON Airspace.

Airspace and Controller Tasks

Controllers pairs (feeder and fina) managed the
western portion of the Dallas Fort Worth TRACON
airspace. The feeder controller initialy cleared the
aircraft for either the Fever or Bambe FMS arrival,
and if applicable, to follow alead aircraft to 18R (see
Figure 2). The Final controller managed the merge
between the two arrival streams, which were
procedurally separated by 1,000 feet at the GIBBI
intersection.
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Controller Display and Tasks

Controllers utilized a wake-vortex aware arrival
schedule, which computed estimated times of arrival
for runway 18R. In the conditions with ground tools,
merging and spacing information was incorporated
into each arcraft's data tag. For example, as
illustrated in Figure 4,COA 538, a B733, landing
18R, assigned to follow BAW 601 80 seconds in trail
and is currently 69 seconds in trail. Additionally, the
spacing circle provides relative information about the
spacing goal (see Figure 3).

Figure 3: Controller Display with merging and
spacing toals.

Roles and Responsibilities

Controllers were responsible for separation at al
times. Flight crews could be cleared to merge behind
then follow alead aircraft on a conjoining route or to
follow an aircraft on the same route. Controllers
could cancel a spacing clearance at any time.

| NASA
ans 12317

Figure 4: FMStransitions to runway 18R - Sreams
merged at GIBBI.

Procedures

Each aircraft started the scenarios 15 to 40 nm from
the BAMBE or FEVER meter fixes. Upon entry,
pilots were cleared to fly an FMS arrival route (see
Figure 4) and were instructed to allow their aircraft to
fly and descend along the FMS arrival path, even if
Ownship seemed to follow another aircraft too
closely — i.e, they did not adjust speed or altitude
unless commanded by the air traffic controller
(ATC). Pilots checked in with controllers when they
received a data link clearance or a 5 nm from the
meter fix. Pilots were instructed to expect spacing
clearances any time after reaching the meter fix.
Controllers issued clearances to merge and follow or
follow behind a designated lead aircraft. Controllers
utilized normal controller procedures — radar vectors,
“direct to”’, speed and dtitude — to manage the
unequipped aircraft. The pilots utilized the airborne
spacing tools and procedures to implement the
assigned spacing command.

Pilot Clearance and Tasks

ATC provided clearances such as “Continental 538,
merge behind then follow Speedbird 601— 80 seconds
in trail,” or “Continental 538, follow Speedbird 601 —
80 seconds in trail.” Pilots read back the clearance
and engaged self-spacing; see flight deck procedures
below. If the algorithms did not command
appropriate speeds based on the spacing setting,
pilots were asked to disengage spacing and inform
ATC that they were unable to space.

Tools for Merging & Spacing Operations
If amerging and spacing clearance was assigned, the
flight crew followed the steps listed below using a

mouse to position the curser:

1) Pilots first clicked on the Spacing button on the
CSD tool strip.

sy R el

.
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2) Pilots then selected the
assigned lead aircraft by
clicking on its symbol within
the CSD. In this case, TWA79
was selected.

3) The spacing interva
specified by ATC was then
entered. To increase the
spacing interval, pilots right-
clicked on the seconds
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(Sec: XX) button; to decresse the interval pilots left-
clicked the seconds button.

SPC TWATS Sec:70 Start

4) Pilots then clicked the start
button on the CSD tool strip, which
is located next to the “seconds’
button in the figure above. Pilots
were informed they would need to
wait for the spacing algorithms to
initializee  When the spacing
algorithm was initialized (i.e., ready
to engage spacing) the upper left corner of the CSD
displayed a message indicating the spacing status.
Also, the lead aircraft became highlighted in orange.

5 Finaly, to engage the auto throttles,
pilots selected the SPC button on the MCP.
This activated the algorithm to begin commanding
the proper speeds (via the auto throttles) to move the
aircraft towards the spacing goal.

6) When the spacing is engaged and active, feedback
isprovided at the upper left corner of the CDTI.

Visual feedback regarding Ownship spacing status

was provided via a color-coded “spacing box.” The
color and location of the spacing box reflected
Ownship position relative to the assigned temporal
spacing value. That is, if Ownship was given an
assigned spacing value of 100 seconds and was more
than 10 seconds ahead (e.g., the aircraft is currently
at 83 seconds), the spacing box was depicted as
yellow and Ownship appeared slightly ahead of the
box. When Ownship was less than 10 seconds ahead
or less than 20 seconds behind the assigned spacing
value, the spacing box was depicted as green, and
Ownship appeared inside the box. Findly, if
Ownship was more than 20 seconds behind the
assigned spacing value, the spacing box was depicted
as white and Ownship appeared behind the box.

Smulation environment

The simulation study was conducted utilizing three
fully integrated NASA ARC research
laboratories/facilities:  the Airspace Operations
Laboratory (AOL), Hight Deck Display Research
Laboratory (FDDRL), and Crew Vehicle Systems
Research Facility (CVSRF). See DAG-TM, 2003 for
afull description of each laboratory.

Results

This section presents the results of the Merging and
Spacing operation at the 80 and 100 second intervals.
Additionally, data on the efficiency of the merging
and spacing operation, flight crew workload, safety
and acceptability are described. Participating flight
crews conducted 256 total approaches, 32 in each
condition.

During the No Tools condition flight crews followed
ATC guidance as they would today, thus no relative
spacing and merging data are reported. Of the
remaining 128 runsin the air tools and air and ground
tools conditions controllers assigned spacing to the
flight deck 116 times.
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Figure6 and 7: Initial and final spacing intervals for
80 and 100 seconds (mean and standard deviation).

Figures 6 and 7 show the spacing intervals data from
the start of spacing and merging and/or spacing until
spacing was discontinued at or near the final
approach fix or by the controller. These graphs
illustrate that, overall spacing performance was
improved for All Tools condition and that
performance was best in the Air Tools only condition
(mean 78.8 and 99.4, respectively), followed by Air
and Ground Tools (77.8 and 95.8), and finaly
Ground Tools (77.6 and 93.8). However, these trends
were not significant (p >.05). Additiondly, the
expected improvement in spacing performance with
air and ground tool was not found. However,
controllers preferred to conduct spacing operations
with only ground tools. They suggested that
conducting merging and spacing operations when
flight crews were managing spacing added additional
variability and made it difficult to manage
unequipped aircraft.

Foacing efficiency

From the flight deck perspective, a measure of
efficiency was related to when aspacing and merging
clearance was issued by the controller. If the
clearance was issued early in the approach, the flight
crews had more time to set up the systems and
manage progress toward the spacing goal. If the
clearance was issued late (i.e., near the base to final
leg of flight), then this task may interfere with other
tasks that require completion before landing. A t-test
was conducted to examine this notion. The pilots
data was split into three groups; early, middle, or late

approach clearances. A one-sample t-test was used to
compare the three groups relative to the 80-second
spacing goal. Results indicated that the early or mid
approach groups did not significantly differ from the
80-second spacing goal (p > .05). However, when the
spacing clearance was issued late, the spacing
performance did significantly vary from the 80-
second spacing goal, t(22) = -3.33, p < .01, indicating
adecline in spacing performance (see Figure 8).
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Figure 8: Spacing performance with early, mid and
late spacing clearance.

Air Ground|Air/ None
Ground

M S M SD|M SD|M SD

Peak Workload [2.56 2.25 2.40 2.23
.69 .67 72 .61

Overall 2.34 2.22 2.28 221
Workload .65 .67 .69 .63
ATC 251 252 231 253
Communication |.75 .61 .58 74

Table 1: Crew workload and communication by
conditions.

Workload, Communication and Usability

After each approach, pilots entered a workload rating
reflective of their perceived workload for the run
using a modified NASA Task Load Index (TLX).
There were a total of 32 trials in which the pilots
provided workload data. The TLX rating scales were
modified to include a peak workload assessment and
an estimated communications workload relative to
normal operations. Additionally, each rating was
based on a Likert scale format that had “Normal Ops”
as the median rating of 3 on a scale of 1 to 5, with a
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rating of 5 for “High” workload. This method was
not used to suggest that “Normal Ops' represents a
medium level of workload, but it provided a familiar
baseline for the participants. For this report only the
peak, overall, and ATC communication workload
values are presented.

The mean Peak Workload value was 2.45, SD = .72,
the mean Overall Workload was 2.25, SD = .66,
while the mean ATC Communication Workload was
2.39, SD = .57. Across al conditions flight crews
ratings were relatively similar. The mean workload
ratings were subsequently examined for each of the
four conditions (Air tools, Ground tools, Air and
Ground tools, and No Tools) separately. Table 1
includes the mean workload values for Peak
Workload, Overal Workload, and ATC
Communication Workload by each of the four
conditions. As the table shows, flight crews rated the
workload of the merging and spacing task below that
of normal operations for all conditions (where normal
operations was represented by a value of 3). The
table also shows that crews rated communication
workload lowest in the air/ground tools condition,
suggesting that when both pilots and controllers have
supporting tools, communication may be reduced.

ATC Clearances

An issue, which has stimulated considerable
discussion over the past few years, has been the
potential call sign confusion that may result in a
DAG-TM environment. Specifically, the DAG-TM
environment requires the use of two aircraft call signs
in a single voice transmission. The concern has been
that pilots may become confused by the use of two

Acceptable
Merging and spacing task 4.8
Head-down time 4.0
Display symbols 34
Symbol Color 4.3
Useful

Information in aircraft data | 4.0
tag
Accept spacing clearance | 4.8
based on CDTI data only

Accept  visual  approach | 3.7
clearance based on CDTI only
data

Safety

CDTI improves flight safety 4.3
Enhances safety of merging | 3.8
and spacing

Table 2: User Feedback on display, tools and conce
(N=10; 1 = not acceptable, useful and safe, 5= very
acceptable, useful and safe scale).

call signs and, at a minimum, may need to ask ATC
to repeat the clearance. In a worst case scenario, the
potential confusion could result in a pilot accepting a
clearance that was meant for another aircraft. Of
course, this worst-case scenario could lead to an
accident or incident. An important finding in the
present study was that, of 323 spacing and merging
clearances, neither pilots nor controllers reported a
single instance of “call sign confusion.” Flight crews
reported that with the inclusion of flight ID and the
pulse predictor (c.f., Granada et.al., 2005) on their
CDTI, they were able to identify their prospective
lead aircraft and to anticipate the ATC clearance.

As Table 2 shows, flight crews found the tools,
display features and the concept acceptable, useful
and safe. Also, these ratings suggest that the flight
crews may be willing to take on additionally
responsibility.

Discussion and Conclusions

Based on flight crew and controller performance,
comments and also their interactions with the tools
and procedures, the concept of merging and self-
spacing during arrival and approach seems feasible.
Pilots consistently rated the flight deck tools
favorably in terms of usability, usefulness, and rated
the CSD favorably in terms of situation awareness.
Generally, pilot and controller workload ratings were
moderately low during spacing and merging
operations. Workload differences between tools
conditions were relatively small for pilots, and when
spacing clearances were issued early or at the mid
point of the approach, pilots had little difficulty
achieving the spacing goal. In this study, pilots and
controllers generally disagreed as to the best time for
the spacing clearances to be issued; however, the
controllers were only beginning to develop strategies
for how to best utilize this new tool. Finally, this
study did identify a number of issues from the flight
crews and controllers perspectives that need to be
addressed in future research.
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EMERGING TECHNOLOGIESFOR DEPLOYABLE AIRCREW TRAINING

Dr. Benjamin Bell
Associate Chief Scientist
CHI Systems, Inc.
bbell @chisystems.com

Hight training devices commonly used for aircrew
training offer high-fidelity smulation, wide field-
of-view projection, detailed terrain, and redlistic
instrumentation and controls. Despite the
significant investment needed to acquire and
operate them, high-fidelity training devices enjoy
widespread acceptance among end-users, air
carriers, and military organizations.

Advances in computer simulation technology
have helped reduce hardware requirements while
providing software tools for scenario authoring,
entity creation, performance assessment, and
briefing/debriefing. A consequence of improved
simulation tools is that training devices can be
developed for a broader range of computational
platforms, from very high-fidelity dedicated
systems to desktop flight simulators running on
standard PCs.

Choosing the appropriate technologies requires
careful consideration of operationa factors
including training requirements, end-user
priorities, logistics, cost, size/composition of the
crew being trained, and the role of the instructor
(if any). Current training systems research and
development is evaluating the training value
derived from current simulation technologies
while exploring new approaches to extend the
reach of simulation-based training.

Severa promising research efforts are underway
to develop training technologies that include
intelligent tutoring, realistic synthetic entities,
speech dialogue, performance assessment, and

automated after action review. But a critical
factor in the success of atraining device remains
the match between the fidelity of the simulation
and the training requirements. For training
airmanship and tactical air combat maneuvers,
physical fidelity is a highly relevant property.
Training that focuses on judgment and decision-
making requires simulated environments that
possess a high degree of cognitive fidelity. For
training that emphasizes team skills, simulations
should provide redlistic social fidelity. If a focus
of the training is radio communications, a
simulator ought to provide a measure of dialogue
fidelity.

This panel explores the range of issues
surrounding how best to harness the power of
emerging simulation technologies to create
sophisticated aircrew training systems while at
the same time carefully maintaining the
consonance between the simulation and the
training need. Each member of the panel
possesses extensive experimental and applied
backgrounds in modeling and simulation,
training, or cognitive science, and has current
responsibility for directing aviation training
research and development. Each panelist will
present a perspective on which approaches are
likely to meet with success, and will share recent
experiences from specific aircrew training
initiatives. Following the presentations, a
discussant will compare and critique the
panelists viewpoints and invite comments and
guestions from the audience.
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COGNITIVE TUNNELING, AIRCRAFT-PILOT COUPLING DESIGN ISSUES AND SCENARIO
INTERPRETATION UNDER STRESSIN RECENT AIRLINE ACCIDENTS

Meredith A. Bell*
Department of Psychology
University of Central Florida

Eugenio L. Facci
Department of Psychology
University of Central Florida

Razia V. Nayeem
Department of Psychology
University of Central Florida

By building upon a number of accident reports and on cognitive psychology literature, this paper addresses the
effect of stress on the reasoning abilities and on the perceptua processes of pilots. We examine several cases,
including American Airlines 587 (New York, 2001), United Airlines 173 (Portland, 1978), KLM 4508 (Tenerife,
1977), Northwest Airlines 6231(Thiells NY, 1974), and Eastern Airlines 401 (Everglades, 1972), in which pilots
have, or may have, contributed to an accident by incorrectly interpreting the unfolding scenario, and specifically by
disregarding alternative interpretations of the unfolding scenario. While current research efforts have yet to provide
guidance on how to successfully handle the problems discussed in this paper, examination of prior accidents may

shed some light on the issue.
Introduction

Operator performance under stress is a topic that has
been under scrutiny for decades. In an environment
in which operational settings contain a range of
stressors, it is important to understand the effects of
these stressors on operator performance in order to
compensate for the possible decrements that result.
One specific operational setting which has been
prominent in this field is the aircraft cockpit. Aircraft
pilots are faced with an array of stressors, ranging
from environmental stressors to which they are
routinely exposed and trained to endure, to those
associated with emergency situations.  Although
there has been extensive research in the field,
creating situations in which equivalent stress is
produced has proven quite difficult if not impossible.
The levels of stress induced, though probably lower
than those with which a pilot would be faced during
an emergency, have proven successful in detecting
effects on pilot/operator performance. Some
conflicting data have resulted; however, enough
studies have come to the same conclusion that stress
can have negative effects on operator/pilot
performance in several different modes (Wickens, et
a., 1993), (Driskell, et a., 1999), (Barnett &
Wickens, 1986 as cited by Wickens et al., 1993).
Research has indicated that the arousal of stress may
severely disrupt a pilot's ability to objectively
evaluate the situation with which he is faced.

1

Specifically, cognitive tunneling can occur.
Cognitive tunneling is a phenomenon in which a pilot
will not adequately perceive al pertinent information
because of filtering based on preexisting
expectations, initial impressions or other undefined
factors. This increases the likelihood that sensorial
stimuli and alternative scenario interpretations would
only be considered if consistent with these pre-
existing expectations.  While there is limited
experimental data on the effects of stress equivalent
to that experienced during a flight emergency,
aviation safety records provide examples of this
phenomenon. There are limitations to studying
cognitive tunneling through post hoc analysis of
accidents: it is subject to 20/20 hindsight and
provides limited basis for generalization and
prediction (Wickens et a., 1993). However analysis
through experimental research has its disadvantages
aswell: it isdifficult to achieve the level of stress that
operators would face in an emergency. That iswhy it
may be useful to explore this phenomenon through
both approaches. In the following sections, the
effects that stress has been found to have on
operator/pilot performance will be examined, and
several flights resulting in aircraft accidents will be
reconstructed to explore the effect that stress had on
the respective flight crews. The goal of this paper is
to fill in some of the gaps left open by research with
the archival analysis of previous accidents.

All authors contributed equally to this paper. Order of authorship was determined randomly.
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Cognitive Tunnding and its Cohorts

Cognitive tunneling has been recognized for years as
a threat to operators who are faced with difficult
decisions in the midst of an emergency. It is one of
the many theories that surround decision making
under stress. It does not act aone, however.
Cognitive tunneling, sometimes referred to as
attention narrowing, works in conjunction with
several other phenomena that may collectively
severely affect an operator’s decision-making. The
effects of these phenomena are cumulative, and as
each occurs, the detrimental effect of the previous is
often increased.  Consequently, the operator is
typicaly left with a decreasing amount of relevant
information with which to work, more puzzling
phenomena, and an increasing load on her/his
cognitive processes. Wickens et a. (1993) present a
model which provides an effective illustration of the
stages of the decision-making process and the effects
that stress has on each. This s the paradigm through
which the phenomenon will be examined.

Cue Perception

The first stage, cue perception, is the first phase
affected by stress. In most operational environments,
there are numerous cues that must be considered
when performing the required tasks. When operators
are faced with a stressful situation, there is a
tendency for the reduction in number of cues that are
sampled and therefore perceived (Wickens & Flach,
1988). This selective alocation is referred to as
selective attention, and while it is beneficia from a
time/resource management point of view, operators
sometimes allocate their attention poorly. There are
many factors that can influence the distribution of
attention, including reliability of the cue, saliency of
cue, past experience with the cue, operator's pre-
existing expectations and potential outcomes
associated (Wickens & Hollands, 2000). Hence,
pilots will pay for instance most attention to blinking
lights or sounding alarms or to gauges confirming
their initial interpretation of a problem. However,
there are contradictory stances on the impact that
stress has on selective attention. It has been
theorized that stress actually improves selective
attention. Chajut & Algom (2003), aong with
several others, have found that by imposing stress on
an operator, she/he is better able to focus on the
target task and rule out irrelevant cues. This is not
entirely contradictory to the theory being presented
herein. Stress decreases attention resources, and,
therefore, greater efficiency is achieved by not
sampling irrelevant cues and focusing on those
deemed relevant to the problem. However, some of

the cues deemed irrelevant are sometimes relevant,
and the “efficiency” achieved comes at the price of
embracing an incorrect interpretation of the unfolding
scenario.

Working Memory

In the next phase of the model, the hypotheses stored
in long-term memory are accessed and those assumed
to be relevant are placed in working memory for
evaluation. Additional narrowing can occur at this
phase. While several hypotheses are stored in long
term memory, only those associated with the
preexisting expectations and the presumed problem
will be retrieved, omitting severa possible
alternatives. Operators will then likely fixate on
these hypotheses. Also, a function of working
memory is the evaluation of action outcomes which
are also retrieved from long-term memory. Increased
stress places greater demands on this already
“fragile” working memory, which degrades decision
making (Wickens, et al., 1993). Hence, when pilots
are faced with emergency situations, instead of
evaluating all hypotheses learned in training and
through experience, and thoroughly evaluating each,
pilots evaluate the hypothesis they believe to be
relevant with limited consideration of action
outcomes.

The Cohorts

There are many issues that work hand in hand with
cognitive tunneling to add to the effects of stress.
One of these partners is confirmation bias, which
occurs when an operator forms a premature
hypothesis and seeks out cues and information to
support solely this hypothesis (Wickens & Hollands,
2000). Many times operators believe they know what
is causing the problem before they have even
considered all the options, and instead of collecting
information to test all of the hypotheses, they collect
only information pertaining to the presumed cause.
The operator is then left with a small set of
information with which to work. When this
information does not add up and confirmation of the
hypothesis is not possible, further potentia
confirming cues are usually sought, while
disconfirming information is usually not considered -
the operator tends to perseverate. Belief
perseverance, another collaborator, takes place when
a person continues with a familiar plan of action even
though it is fruitless (Ross & Lepper, 1980).
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Expert vs. Novice

There has been extensive research in the area of
cognitive  tunneling  regarding  expert/novice
differences. Deitch (2002) found that one of the most
obvious differences in this area was cognitive
mapping, where experts had more sophisticated
cognitive maps and could relate their maps to more
specific scenarios than novices. Other studies have
found that there is a difference between experts and
novices for instrument fixation, a task thought to be
linked closely to cognitive processes (Harris, Tole,
Stephens, & Ephrath, 1982). Additionally, in some
tasks, experts even utilized different brain regions
than novices (Peres et a., 2000). However, Guilkey
(1997) determined that when pilots are faced with
especialy cognitively exhausting problems, flight
time (experts vs. novices) is not a good predictor of
performance. Results from this study indicated that
no matter the strategy used, experts performance
was equal to novice performance. From these
differing results, one can see that there are still many
areas in cognition with respect to expert/novice
differences to be researched; however, the evidence
points to the problem of cognitive tunneling as one
which faces both novice and expert pilots alike.

In the following section, the above theories are
expounded upon through exploration of their
presence in severa aircraft accidents. By illustrating
the existence of these phenomena in reality, not just
in asimulator setting, compelling support is provided
for these theories.

Aircraft Accidents

In this section, we examine five accidents in which
the phenomenon of cognitive tunneling most likely
played asignificant role.

e American Airlines 587, Belle Harbor, NY,
November 12" 2001 — As the flight was
cleared for takeoff, the first officer - the flying
pilot - asked the captain whether he thought
sufficient distance had been alowed from the
preceding plane, a large Japan Airlines
aircraft, in order to avoid wake turbulence.
The captain stated “aah...yeah..we'll be
aright once we get rolling; he's supposed to
be five miles by the time we're airborne, that’s
the idea’. Shortly after takeoff the plane
encountered wake turbulence, to which the
first officer responded with strong aileron
inputs. Immediately after the encounter the
captain stated: “Little wake turbulence, huh?’,
to which the first officer replied “Yeah”. After

a few more seconds, a second wave of wake
turbulence was encountered, to which the first
officer reacted with strong rudder and aileron
inputs. His aggressive action on the flight
controls caused the plane to experience
significant lateral oscillation, which the first
officer erroneously attributed to wake
turbulence. As a result, he continued his
action on the flight controls, causing the plane
to experience increasing side loads and
resulting in the loss of the tail and the engines..
Throughout the accident flight, the first officer
seemed to be convinced that wake turbulence
would be encountered, and that some type of
action may be needed. Records indicated that
the first officer's preoccupation with wake
turbulence was not limited to the accident
flight, as he had showed strong reactions to
wake turbulence in earlier occasions.

United Airlines 173, Portland, OR, December
28" 1978 — As the aircraft approached the
arrival airport, a problem arose with the
landing gear extension. As the gear was
lowered, the crew heard a loud “thump,
thump,” and the airplane yawed to the right.
The only gear lights that came on were those
indicating the nose gear was down and locked.
The flight crew elected to assess the problem
while in a holding pattern. However, the fuel
level was not adequately monitored, and fuel
starvation occurred, which caused the plane to
crash before reaching the airport. About one
hour elapsed between the time the problem
with the gear emerged and the time of the
crash. The flight engineer was monitoring the
state of the fuel throughout the last segment of
the flight and voiced concern to the captain.
The flight engineer even stated the amount of
fuel, which, considering the fuel burn rate,
gives a clear estimate on the amount of time
until the fuel would be depleted. However, the
captain continued on a path that would keep
them in the air longer than the fuel supply
alowed. The NTSB determined that the
probable cause of the accident was the
failure of the captain to properly monitor the
aircraft’s fuel state and to properly respond to
the low fuel state and the crewmember's
advisories regarding fuel state (1979). This
resulted in fuel exhaustion to all engines. The
inattention resulted from preoccupation with a
landing gear malfunction and preparations for
apossible landing emergency (NTSB, 1979).
The only cues being considered were those
associated with the landing gear, despite the
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dire fud situation. The captain was unable to
successfully process the information regarding
the fuel state because his attention resources
were exhausted dealing with the landing gear
problem.

KLM 4508, Tenerife, March 27" 1977 —
Numerous flights were diverted to Tenerife
after the Las Palmas Airport closed because of
aterrorist attack. The sudden increase in traffic
caused congestion at Tenerife so that a KLM
Boeing 747 was forced to wait two hours,
while another plane, which blocked the
taxiway, boarded passengers and refueled. The
KLM flight was eventualy allowed to move,
but takeoff was initiated before a clearance
had been issued. The plane struck another
Boeing 747 that was taxing on the runway,
resulting in the worst accident ever in the
airline industry. During the takeoff roll, the
KLM flight crew warned the captain that they
might not have been cleared for takeoff and
that another plane might have been taxing on
the runway. However, the captain seemed to
be strongly convinced that they had been
cleared for takeoff and discarded the flight
crew’s comments.

Northwest Airlines 6231, Thiells, NY,
December 1%, 1974 — As the aircraft was
climbing in icing conditions, the pitot tube
became clogged by ice, so that the airspeed
indicator started working as an atimeter,
indicating increasing airspeed as the plane
climbed. The flight crew failed to recognize
the problem and instead believed, despite the
constant power setting and the climb attitude,
that the airspeed was in fact increasing. They
believed that this increase was due to the low
weight of the aircraft.  Their erroneous
interpretation lasted throughout the flight, until
the plane buffeted, stalled, and entered a rapid
descent. The flight crew apparently believed
that the buffeting was a high speed
phenomenon — Mach buffeting — rather than a
stall buffeting and neglected the possibility of
a stall despite the indication from the shaker
stick. The flight crew relied exclusively on the
air speed indicators and their related warning
systems, ignoring other pertinent cues pointing
to a different problem than the one originally
assessed.

Eastern Airlines 401, Everglades, FL,
December 29", 1972 — As Eastern 401
approached Miami International Airport and

lowered the landing gear, the light that
indicated that the nose landing gear has
lowered and locked failed to illuminate. The
crew chose to depart the airport airspace to the
west to assess the problem. The auto- pilot
was engaged, and they proceeded to evaluate
the indicator light and the gear status. As the
flight continued, the autopilot became
disengaged and a dlight descent initiated.
Prolonged focus on the landing gear problem
prevented the flight crew from monitoring
dtitude and the plane proceeded to descend,
eventually impacting the ground. The NTSB
found that the three flight crewmembers were
preoccupied in an attempt to ascertain the
position of the nose landing gear and therefore
neglected monitoring the flight instruments
(1973). Much like the crew involved in the
accident in Portland in 1978, this crew was
focused on the problem with the landing gear
and did not sample other cues relating to the
state of the aircraft. The flight crew did not
even hear the dtitude aert which sounded as
the aircraft descended through 1, 750 feet
m.s.1., an indication that their resources were
entirely devoted to the landing gear.

Conclusions and Resear ch Indications

As illustrated in the accidents presented above,
cognitive tunneling likely played a role in severa
aircraft crashes. In all of the accidents discussed
above, the pilot did not adequately perceive or
evaluate al pertinent information necessary to
successfully complete the flight because of filtering
based on preexisting expectations, initial
interpretations, or preoccupation with one aspect of
the flight. The dilemma is evident; however, the
solution is not so lucid. Prince et a. (1997) suggest
three remedies that can be applied to overcoming the
effects of stress in the cockpit: 1) redesign of
task/environment, 2) selection of crew based on
ability to withstand stressors, and 3) training, the
most reasonable intervention. Prince et al.. suggest
specific training techniques that appear promising
including: integrating specific behavioral techniques
designed to assist in dealing with stress, and
providing crews the opportunity to practice newly
acquired skills under condition of graded exposure to
stressors (1997). Glyn (1997) suggested developing
a comprehensive aircrew decision making seminar to
include awareness training and incorporate pertinent
research. |In stead of presenting a specific formula
for optima decision making, a range of different
decision types is presented along with the different
processes used in making a good decision (Glyn,
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1997). There are currently pilot training programs
that do incorporate stress management and decision
making training into their Crew Resource
Management (CRM) training (Prince et al., 1997).
However, alterations to these programs to include
awareness training of the phenomena that can occur
as aresult of stress, such as cognitive tunneling, may
prove beneficial. By exposing pilots to the theories
and the research into the effects of stress on
performance, and by illustrating these effects through
previous accidents and occurrence in actual simulator
training, pilots susceptibility to it may decrease.
Further research on pilot training with respect to
stress and its effects is needed to better understand
how to cope with this issue.
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COMMUNICATIONSBETWEEN TEAM MEMBERS OF DIFFERENT CULTURESAND
NATIONALITIESON INTERNATIONAL AIRLINE FLIGHT DECKS

Dr. Theodore N. Beneigh
Embry-Riddle Aeronautical University
Daytona Beach, FL

International flight operations became commonplace in the 1950s with the introduction of jet transport aircraft. The
new jets had speeds that were twice as fast as the piston aircraft they were replacing, a range great enough to transit
oceans nonstop, and alower operating costs that made international travel affordable to many more people.

For the most part, most of the pilots flying these aircraft were natives from the airline's home country. As
international operations expanded exponentialy, many airlines had difficulty finding native-born pilots to fly their
aircraft. The human resource departments of many airlines began to recruit new pilots globally. While most of
these airlines had programs in place to teach rudimentary crew resource management procedures, the bulk of the
training the pilots received concerned the technical operation of the aircraft and the takeoff, enroute, and arrival
operations the pilots could expect during actual line operations. Very little training was given to the pilotsin how to
communicate effectively with people from different cultures. In addition, many pilots and air traffic controllers had
difficulty clearly speaking and understanding English, which is the international language of aviation. This has had
anegative impact on flight safety during international flight operations.

This presentation will show the results of the experimental method, which was selected to test five hypotheses:

1. Small group instruction techniques have no effect on improving authoritative/assertiveness interactions
between pilots on culturally mixed flight decks.

2. Smal group instruction techniques have no effect on improving the decision-making capabilities
between pilots on culturally mixed flight decks.

3. Small group instruction techniques have no effect on improving trust between pilots on culturaly mixed
flight decks.

4. Small group instruction techniques have no effect on interpersonal relationships between pilots on
culturally mixed flight decks.

5. Small group instruction techniques have no affect on improving the team atmosphere between pilots on
culturally mixed flight decks.

The results of the experiment proved that training can improve the authoritative/assertiveness and team atmosphere
characteristics of Asians and non-native English speaking pilots, and training can improve the interpersonal
relationships and team atmosphere for Anglo and native English speaking pilots.

Proper administration of thistraining can lead to safer international flight operations.

Introduction

The deregulation of the United States airline industry
by Congress in 1978 was the beginning of a
revolution in the airline industry. Most aviation and
consumer experts were of the incorrect belief that the
affects of deregulation would be limited to the United
States.

Before 1978, the United States airline industry was
controlled by various agencies of the United States
government (Taylor, 1964). These agencies set fares,
determined schedule frequency, and determined
which airline would serve which locations. The
airlines were free to determine what type of aircraft
they would use to fly the routes, and the service

offered to the passengers on the ground and during
flight. Since the airlines had no control concerning
the fares and city pairs they served, competition
between the airlines to fill their airplanes seats
created a level of service to the passengers served
that would make their airline the most comfortable
airlineto fly.

October 26, 1958, was an historical day in
international airline operations. Pan American World
Airways began the first international non-stop jet
service when it inaugurated flights between New
York City and Paris (The Boeing Company). Before
1958, relatively slow propeller driven airplanes
conducted nonstop, transoceanic service. A non-stop
flight from London to New Y ork required seventeen

50



hours (Airline History). The few airlines that offered
this service were mostly piloted by members from
their home country (e.g. aircraft flown by British
Overseas Airways Corporation were piloted by
British pilots; aircraft flown by Pan American World
Airways were flown by pilots from the United
States). Nearly al flight decks on international
airliners were multicultural.  The Boeing 707
required seven hours and forty minutes (Official
Airline Guide). Affordable, rapid, comfortable
international air transportation was now available
with the advent of the new, long-range jet transport.

The intent of deregulation was to place the airline
industry in the United States into the realm of free-
market competition. The initial result of deregulation
was the airlines’ reevaluation of the routes flown and
cities served. In an effort to minimize the effects of
competition, most carriers segregated their route
structures.  This segregation allowed one airline to
provide the majority of the air service into a
particular city, and thereby dominate the fares in the
markets involving that city. Without significant
competition, the airline could set its fares based on its
perception of what the market would bear.

In the early 1970s, just before the United States
airline deregulation, a select few air carriers offered
the majority of internationa service offered
worldwide. Pan American World Airways, Trans
World Airlines, and British Overseas Airways
Corportation flew most of this service. After airline
deregulation in the United Sates, several major
United States airlines began to realize the importance
of international service for increased profitability and
continued expansion. In addition, aircraft
manufacturers began to manufacture aircraft with the
range and cargo capacity that could make
international routes very profitable.

Foreign air carriers also began to increase their
international  operations. Malaysia-Singapore
Airlines segregated in 1972 to create the two large
Pacific carriers of Malaysia Air and Singapore
Airlines (Singapore Airlines).  British European
Airways merged with British Overseas Airways
Corporation in 1975 to form British Airways (Airline
History). In 1983, United Airlines began operations
between the United States and Tokyo. In 1985,
United Airlines acquired Pan American Airways
Pacific Division (United Airlines, Era 7). Several
other United States flag carriers including Northwest,
Deltay and American began setting up an
international route structure.

For the most part, most of the pilots flying these
aircraft were natives from the airline’ s home country.
As international operations expanded exponentially,
many airlines had difficulty finding native-born pilots
to fly their aircraft. The human resource departments
of many airlines began to recruit new pilots globally.
While most of these airlines had programs in place to
teach rudimentary crew resource management
procedures, the bulk of the training the pilots
received concerned the technical operation of the
aircraft and the takeoff, enroute, and arriva
operations the pilots could expect during actual
line operations.

Many of these aircraft were being operated with two
or more pilots with different nationalities and
different cultures. Additionaly, language was a
problem.  While the internationa language of
aviation is English, many air traffic controllers in
non-English speaking countries used their native
language instead of English. Additionally, before the
introduction of culturally mixed flight decks, verbal
communication between the pilots was usualy
conducted in their native language.

Flight operations with culturally mixed flight decks
have created a plethora of problems, including
language, a conflict of cultural horms, and the role of
command/subordination on the flight deck.

M ethodology

The experimental method will be selected to test the
five hypotheses. Research done by Hanssen, Stayton,
and Wlaka (1992) concerning multi-cultural
considerations for space dtation training, and
operational issues created by cultural differences that
can pose potential safety problems (Helmreich, 2000)
justify the need for this experiment. Using that data,
the problems identified in the KLM/Pan American
collision (National Transportation Safety Board,
1978) and the Flying Tiger 66 accident (Continental
Airlines, 1989), current crew resource management
practices (United Airlines, 1995), and my operational
experience as a pilot teaching crew resource
management to pilots from different cultures, the
following cultural relationships will be measured:

Authoritativeness and assertiveness
Decision-making

Trust

Interpersonal relationships

Team atmosphere

grLOdDE

Since industry implementation of the
training will involve training culturally mixed and
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monocultural crews in training centers located
throughout the world, two groups will be used to test
the hypothesis.  The first group will involve the
selection of an equal number of Anglo and Asian
participants. While all the participants will speak
English, one-haf of the participants will be native
English speakers, and the other half will be non-
native English speakers. An expert in crew resource
management training who possesses expertise in
cross-cultural training (Hanssen et al., 1992) will
administer the training.  The second group will
involve the performance of the experiment in an
Asian  country. The participants will be
monocultural, and the trainer will be an expert in
crew resource management training who possesses an
archetypal expertise in cross-cultural training
(Hanssen et a., 1992).

All participants will be given a pretest. The pretest
will consist of two scenarios that are representative of
situations international flight crews can experience
(United Airlines, 1995). Each scenario will have 10
guestions. The answers to these questions will be
indicative of how well the participants will
communicate with their fellow crewmembers by
measuring their responses in the five cultural being
measured in the hypotheses (Hanssen et a., 1992).

At the conclusion of the pretest, the training will
begin. Based on my experience teaching crew
resource management for 15 years, and the principles
identified by Hanssen et al. (1992), the training will
consist of training in:

e Communications principles as they relate to
crew resource management and flight
Crews.

e A guided discussion on barriers to
communication and suggested solutions.

e A discussion of three replayed scenarios
viewed by the group on atelevision.

e  The participants will then be grouped into
pairs, mixing Anglo with Asian pilots, into
two-men flight crews.

Each flight crew will fly an identical flight training
scenario, which will involve an in-flight emergency.
At the conclusion of the flight training scenario,
each participant will be given a post test. The post
test will consist of two scenarios, each of which will
have 10 questions. The questions will measure the
same five cultural relationships that will be
measured in the pretest.

This type of training is representative of the type of
crew resource management training given by

international airlines (United Airlines, 1995). The
data will be collected from Anglo and Asian pilots,
and from native English and non-native English
speaking pilots. The answers to the pretest and post
test questions will be given a numerical value. A
value of one will be assigned to a strongly agree
response; two for agree, three for uncertain, four for
disagree, and five for agree. A higher number will
indicate a more desirable position to effectively
communicate.

A test for normality will be performed. If normality
exists, a parametric test, such as a T test, will be
applied. If normality does not exist, a non-parametric
test, such as the Mann-Whitney U test, will be used.
A non-parametric Sign test will be used to measure
the difference in response between the pretests and
the post tests to individual from the same culture.
The statistical analysis of this data will determine if
the training was effective in improving
communications between team members of different
cultures and nationalities on an international airline
flight deck.

Experimental Results

Group One
Comparison of the Anglo and Asian Cultures

The purpose of this paper is to test the effectiveness
of training to improve communications between team
members of different cultures and nationalities on
international airline flight decks. The communication
skills were broken down into five aress:
authoritative/assertiveness, decision-making, trust,
relationships, and team atmosphere.

Prior to the beginning of the training, a comparison
was made to assess the differences between the Asian
and Anglos cultures by comparing their answers to
the pretest questions.

Concerning authoritative/assertiveness, the Anglos
and Asians were identical. This can be accounted for
considering the common specific training, and the
behaviors the pilots expected from the fellow
crewmembers and air traffic control, that are given
pilots worldwide flying transport category jet aircraft
in international operations.

Decision-making had similar results. While both
cultures were similar, the Asians had a dightly higher
mean score. Thisis most likely accounted for by the
higher Power/Distance Index (PDI) characteristic of
Asian cultures when compared to Anglo cultures
(Hofstede, 1991).
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Concerning trust, the Asians had a higher value, in
both the range of scores and the mean, in the pretest
when compared to the Anglos. This can be explained
by the higher Uncertainty Avoidance Index (UAI)
characteristic of Asian cultures when compared to
Anglo cultures (Hofstede, 1991). Cultures with a
high UAI value tend to be set in their ways, skeptical
of new thought and ideas. Cultures with a low UAI
value are more open to new ideas, are more creative,
and more willing to take chances.

The relationships between the crewmembers are very
important for the team to function effectively. The
Anglos and Asians were identical. This aso can be
accounted for considering the common specific training,
that are given pilots worldwide flying transport category
jet aircraft in international operations.

In the characteristic of team atmosphere, the Anglos
had a higher range and mean than the Asians when
comparing the pretests. The Individualism/Collective
Index (IDV) characteristic of the Anglo culture is
higher than those of the Asian cultures (Hofstede,
1991). A high IDV value represents a culture that
places areward for individua initiative, emphasizing
the importance of individual thought and creativity.
A low IDV value reflects a culture more comfortable
working in groups. These results of the pretest
contradict what can be expected by the IDV values.
It would be expected that the lower IDV groups
would have a higher team atmosphere. It may be
possible that the strict training and importance of
teamwork has a greater affect on the Anglos, causing
them to have a higher score in team atmosphere.

Analysis of the Results of the Experiment

The results of the experiment had different results,
depending on the hypothesis being considered.

Hypothesis 1:  Small group instruction techniques
have no effect on improving authoritative/
assertiveness interactions between pilots on culturally
mixed light decks. By comparing the pretest
administered to the Anglos before the training with
the post test administered after the training, this
hypothesisis supported. The Sign Test value of .302
indicated no difference between Anglo pretest and
post test scores. For the Asian group, the hypothesis
isrejected. The Sign Test value of .001 reflects an
improvement in the authoritative/assertiveness
characteristic. These results are reflective of the
nature of the Asian culture. Asians cultures have a
high PDI value. This indicates an acceptance of
hierarchy as an important element of human
behavior. Hence, proper training is more likely to

affect a culture with a high PDI vaue in
authoritative/assertiveness than a culture that places a
lower emphasis on these values, such as the low PDI
Anglos cultures.

Hypothesis 2:  Small group instruction techniques
have no effect on improving the decision-making
capabilities between pilots on culturally mixed flight
decks. By comparing the pretest administered to the
Anglos before the training with the post test
administered after the training, this hypothesis is
supported. The Sign Test value of .210 indicated no
difference between Anglo pretest and post test scores.
By comparing the pretest administered to the Asians
before the training with the post test administered
after the training, this hypothesis is also supported.
The Sign Test value of .077 indicated no difference
between Asian pretest and post test scores. This can
be explained by the fact that the training model was
ineffective. Previous attempts at teaching decision-
making have failed. Different cognitive skills are
involved with teaching decision-making, with each
individual responding to different cognitive skills,
and past efforts at training general purpose cognitive
skills have met with failure (Bransford, Arbitman-
Smith, Stein & Vye, 1985).

Hypothesis 3;  Small group instruction techniques
have no effect on improving trust between pilots on
culturally mixed flight decks. By comparing the
pretest administered to the Anglos before the training
with the post test administered after the training, this
hypothesisis supported. The Sign Test value of .210
indicated no difference between Anglo pretest and
post test scores. By comparing the pretest
administered to the Asians before the training with
the post test administered after the training, this
hypothesis is also supported. The Sign Test value of
581 indicated no difference between Asian pretest
and post test scores. These results can be explained
by the fact that one cultural characteristic that is
typica of dl pilots is that they are highly
individualistic in nature (Weiner et al., 1993, p. 68).
This characteristic makes them wary of changing
their trust in other pilots, thereby making it difficult
to increase their trust in other pilots.

Hypothesis 4:  Small group instruction techniques
have no effect on interpersonal relationships between
pilots on culturaly mixed flight decks. By
comparing the pretest administered to the Anglos
before the training with the post test administered
after the training, this hypothesis is rgjected. The
Sign Test value of .007 reflects an improvement in
the interpersonal relationships between pilots. These
results are reflective of the nature of most Anglo
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cultures. Anglo cultures tend to have a high IDV
value. This represents a culture that places a reward
for individual initiative and favors individual
initiative over group activity (Hofstede, 1991).
Hence, proper training is likely to improve an
individual with high IDV values. By comparing the
pretest administered to the Asians before the training
with the post test administered after the training, this
hypothesisis supported. The Sign Test value of 1.00
indicates no difference between pretest and post test
scores. Most Asian cultures have a low IDV value
(Hofstede, 1991). Individuas from these cultures
prefer group activity to individual activity, so are
more likely to have good interpersonal relationships
before the training, making this characteristic more
difficult to improve.

Hypothesis 5:  Small group instruction techniques
have no affect on improving the team atmosphere
between pilots on culturally mixed flight decks.
Most Anglo cultures favor individualism, and most
Asian cultures favor collectivism (Gudykunst, 1994).
It could be inferred that Anglo cultures would be
more likely to improve in the characteristic of team
atmosphere that Asians. Such is not the case. By
comparing the pretest administered to both Anglos
and Asians before the training with the post test
administered after the training, this hypothesis is
rejected for both the Anglos and the Asians. The
Sign Test for the Anglos was 0.000, and for the
Asians the Sign Test was .013. This indicates a
successful training program in improving team
atmosphere for both cultures.

Group Two
Analysis of the Results of the Experiment

Hypothesis 1:  Small group instruction techniques
have no effect on improving
authoritative/assertiveness interactions between pilots
on culturally mixed light decks. By comparing the
pretest administered to the Asians before the training
with the post test administered after the training, this
hypothesis is rejected. The Sign Test value of .031
reflects an improvement in the authoritative/
assertiveness  characteristic. These results are
reflective of the nature of the Asian culture. Asians
cultures have a high PDI value. This indicates an
acceptance of hierarchy as an important element of
human behavior. Hence, proper training is more
likely to affect a culture with a high PDI value in
authoritative/assertiveness than a culture that places a
lower emphasis on these values, such as the low PDI
Anglos cultures.

Hypothesis 2:  Small group instruction techniques
have no effect on improving the decision-making
capabilities between pilots on culturally mixed flight
decks. By comparing the pretest administered to the
Asians before the training with the post test
administered after the training, this hypothesis is
supported. The Sign Test value of .375 indicated no
difference between Asian pretest and post test scores.
This can be explained by the fact that the training
model was ineffective. Previous attempts at teaching
decision-making have failed. Different cognitive
skills are involved with teaching decision-making,
with each individual responding to different cognitive
skills, and past efforts at training general purpose
cognitive skills have met with failure (Bransford,
Arbitman-Smith, Stein & Vye, 1985).

Hypothesis 3;  Small group instruction techniques
have no effect on improving trust between pilots on
culturally mixed flight decks. By comparing the
pretest administered to the Asians before the training
with the post test administered after the training, this
hypothesisis supported. The Sign Test value of .375
indicated no difference between Asian pretest and
post test scores. These results can be explained by
the fact that one cultural characteristic that is typical
of al pilots is that they are highly individuadistic in
nature (Weiner et al., 1993, p. 68). This
characteristic makes them wary of changing their
trust in other pilots, thereby making it difficult to
increase their trust in other pilots.

Hypothesis 4: Small group instruction techniques
have no effect on interpersonal relationships between
pilots on culturally mixed flight decks. By
comparing the pretest administered to the Asians
before the training with the post test administered
after the training, this hypothesis is supported. The
Sign Test value of .063 indicates no difference
between pretest and post test scores. Most Asian
cultures have a low IDV value (Hofstede, 1991).
Individuals from these cultures prefer group activity
to individual activity, so are more likely to have good
interpersonal  relationships before the training,
making this characteristic more difficult to improve.

Hypothesis 5;  Small group instruction techniques
have no affect on improving the team atmosphere
between pilots on culturally mixed flight decks. By
comparing the pretest administered to the Asians
before the training with the post test administered
after the training, this hypothesis is supported. The
Sign Test value of .219 indicates no difference
between pretest and post test scores. Again, most
Asian cultures have a low IDV vaue (Hofstede,
1991). Individuals from these cultures prefer group
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activity to individua activity, so are more likely to
have good team atmosphere prior to beginning the
training, making an improvement in this
characteristic more difficult.

Conclusions

In all experimental scenarios, all Anglos were native
English speakers, and all Asians were non-native
English speakers. Hence, the following conclusions
can be made:

Hypothesis 1:  Small group instruction techniques
have no effect on improving authoritative/
assertiveness interactions between pilots on culturally
mixed light decks. Training can improve this
characteristic for Asians and non-native English
speakers. Training cannot improve this characteristic
for Anglos and native-English speakers.

Hypothesis 2 Small group instruction techniques
have no effect on improving the decision-making
capabilities between pilots on culturally mixed flight
decks. Training cannot improve this characteristic
for Asians, non-native English speakers, Anglos, or
native English speskers.

Hypothesis 3:  Small group instruction techniques
have no effect on improving trust between pilots on
culturally mixed flight decks. Training cannot
improve this characteristic for Asians, non-native
English speakers, Anglos, or native English speakers.

Hypothesis 4: Small group instruction techniques
have no effect on interpersonal relationships between
pilots on culturally mixed flight decks. Training
cannot improve this characteristic for Asians and
non-native English speakers. Training can improve
this characteristic for Anglos and native-English
speakers.

Hypothesis 5:  Small group instruction techniques
have no affect on improving the team atmosphere
between pilots on culturally mixed flight decks. Ina
culturally mixed training environment, training can
improve this characteristic for Asians, non-native
English speakers, Anglos, and native English
speakers. In a monocultura training environment,

training cannot improve this characteristic for Asians
or non-native English speakers. This can be
explained by the intercultural communication that
occurs in the training environments where the
cultures are mixed, and the lack in intercultura
communication that occurs in a monocultural training
environment.

The only advantage to the Asian pilots in comparing
the results of the training to the pilots of mixed
cultures, Group 1, to the training of monocultural
pilots, Group 2, is the improvement in team
atmosphere to the training administered to the
culturally mixed group. Two factors may have
affected this outcome. Since an experienced airline
instructor did the monocultural training to pilots from
that one, specific airline, there may have been some
conflicts of training with established company
policies. Thisfurther enhances the need for corporate
organization and philosophy to be supportive of goals
of intercultural training. Secondly, the pilots from
Group 1 were al very experienced line pilots with
years of operational experience in multi-pilot aircraft.
This may make improving team atmosphere more
difficult since those pilots are more “set in their
ways’ of doing things.

It can be concluded that training in improving
communications between team members of different
cultures and nationalities on internationa airline
flight decks is successful in improving relationships
and team atmosphere in Anglo, native English
speaking cultures, and in improving
authoritative/assertiveness and team atmosphere in
Asian, non-native English speaking cultures.

It can be concluded that training in improving
communications between team members of different
cultures and nationalities on international airline
flight decks is not successful in improving
authoritative/assertiveness, decision-making skills,
and trust in Anglo, native English speaking cultures,
and is not successful in improving decision-making
skills, trust, and relationships in Asian, non-native
English speaking cultures.
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THE EFFECT OF TERRAIN-DEPICTING PRIMARY-FLIGHT-DISPLAY BACKGROUNDSAND
GUIDANCE CUESON PILOT RECOVERIESFROM UNKNOWN ATTITUDES

DennisB. Beringer & Jerry D. Ball
The FAA Civil Aerospace Medical Institute
Oklahoma City, Oklahoma

Kelly Brennan & Sitafa Taite
The University of Oklahoma
Norman, Oklahoma

A study was conducted to evaluate the effects of primary flight display (PFD) terrain depictions on pilots perform-
ance of recoveries from unknown attitudes. Forty pilots participated in the study, each group of eight using a differ-
ent display format. The five conditions consisted of combinations of terrain depiction (none, full-color terrain,
brown terrain) and guidance indications (pitch and roll arrows). Participants flew baseline trials in the Advanced
Genera Aviation Research Simulator using a common electronic attitude indicator and then performed recoveries
from unknown attitudes (UARS) using one of the PFD formats. Performance measures included initial response
time, total recovery time, primary reversals, and secondary reversals. No significant effects of the primary independ-
ent variables were found on any of the performance measures. Posttest interviews indicated the participants pre-
ferred the directional-arrow indicators and had no preference for or against the presence of terrain depictions during
UARs, focusing primarily on the zero-pitch line as a reference. It was concluded that the specific terrain representa-
tions examined did not pose a hazard to the identification of and recovery from unknown attitudes as long as a zero-

pitch line of sufficient discriminability (contrast and size) to all backgrounds was present.

Background

Electronic Flight Instrumentation Systems (EFIS) are
becoming more available daily, and a major compo-
nent of this type of system is the Primary Flight Dis-
play (PFD). While PFDs initially depicted attitude
and flight-guidance information, they evolved to in-
clude forward-looking perspective-views of both
guidance information (Beringer, 2000) and of the
outside world (Wickens, Haskell, & Hart, 1989; Al-
ter, Barrows, Jennings, & Powell, 2000), often gener-
ated from terrain databases. This type of display is
presently appearing in systems submitted for certifi-
cation in general aviation (GA) aircraft, and a number
of questions have been raised regarding the effects of
various design features on different aspects of pilot
performance. In lieu of empirical data on the effects
of manipulations of specific design parameters, certi-
fiers have had to rely upon general guidelines. This
has sometimes resulted in the adoption of very con-
servative criteria for the certification and use of these
particular displays.

Some data relevant to the GA environment have be-
come available that may be useful for determining
what the allowable range of variation in design pa
rameters can be. The parameters that are of present
interest include: size of the display, angular represen-
tation of the outside world (field of view), display
resolution, terrain-feature resolution, use of color,
style of terrain representation, definition of display
clutter, and effects of the above on the performance
of both routine and non-routine flight tasks.

A series of studies was performed at the NASA
Langley Research Center examining the use of vari-

ous terrain representations and pilot preferences for
various fields of view and styles of depiction (Prinzel
et. al., 2003; Arthur, Prinzel, Kramer, Parrish, & Bai-
ley, 2004). Some agreement was found with previous
studies concerning preference for field of view (30
degrees), and some assessment was made of pilot
navigation performance and basic precision maneu-
vers, concluding that fewer errors were committed
and terrain awareness was enhanced with the dis-
plays. One issue that was not addressed, however,
was the recovery from unknown or unusual attitudes.
This specific concern was addressed in one certifica-
tion process by requiring that the terrain depiction be
removed from the PFD when the aircraft exceeded
certain pitch or roll criteria because of a concern that
the presence of the terrain might cause confusion or
somehow interfere with a successful recovery. How-
ever, there were no empirical data to indicate what
role, positive or negative, the terrain depiction might
play in the recoveries.

Thus, a study was conducted to examine how terrain
depiction might either impede or enhance recoveries
from unknown attitudes, including the display con-
tent (type of terrain; flat, mountainous) at the time of
the recovery as well as the possible ameliorating ef-
fect of providing recovery guidance arrows
(Gershzohn, 2001). Questions of specific interest
were: (1) would pilots recover to the terrain horizon
rather than the zero-pitch line if the two were differ-
ent, as would be seen in mountainous terrain; (2) if
this behavior were observed, could it be ameliorated
by positive guidance cues; and (3) would the colora-
tion of the terrain presentation affect performance?
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Method
Experimental Display Formats

The five display formats consisted of combinations of
terrain depiction (none, full-color terrain, brown ter-
rain) and guidance indications (pitch and roll arrows).

Baseline ADI. The no-terrain display consisted of a
traditional attitude indicator (blue sky, brown ground)
with airspeed, altitude and vertical speed presented in
tape format along the left and right edges of the dis-
play with a compass card at the bottom of the display
(Figure 1).

4
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Figure 1. EADI with roll-recovery arrow shown.

Guidance Arrows. The second display was identical
to the first but had guidance arrows for pitch and roll
recovery. Pitch arrows were linear (Figure 2) and
appeared when the aircraft attitude was greater than
13 degrees up or down and disappeared when the
aircraft was within 5 degrees of zero pitch, pointing
from the aircraft symbol to the horizon. Roll arrows
(Figure 1) were curvilinear (arc form) and appeared
when the aircraft exceeded 25 degrees of bank and
disappeared when the aircraft was within 10 degrees
of zero bank, pointing from the plane of the wings to
the horizon line. For pitch-down attitudes, the roll-
command arrow took precedence over the pitch-
command arrow. For pitch-up attitudes, the priority
was reversed.

Full-color terrain. The third display was similar to
the first except that the brown portion of the display
was replaced with photo-redlistic terrain (full-color;
shown in both Figures 2 and 3). The terrain was gen-
erated using variable-sized polygons that had photo-
realistic texture applied to them to create the out-the-
window scene. This is somewhat different from the
terrain-creation methods used by other terrain-
depicting displays, where equal-sized polygons, or
even sguares, are used to create the terrain skin and a

more generic type of texture is applied. The fourth
display was the same as the third display, but it in-
cluded the guidance arrows.

~ N .0

e R -
Figure 3. PFD full-color terrain depiction with
mountain in view.
Brown terrain. The fina display was similar to the
first, but the “ground” portion of the display was re-

placed with brown (polygon-based) terrain imagery
(Figure 4). The variable-sized-polygon structureim-

Figure4. PFD brownorTy't_errain depiction with
mountain in view.
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parted more apparent texture to this uniform-brown
depiction than one sees in brown-only depictions using
a uniformly sized polygon/square as the basis for ter-
rain-contour construction. Figures 3 and 4 show simi-
lar views of a mountain in the full-color (Figure 3) and
the brown-only (Figure 4) modes for comparison.

Horizon line. The horizon line was constructed such
that it would have high contrast against the vast ma-
jority of possible backgrounds. This is not normally
an issue with traditional head-down attitude direction
indicators (ADIs), as the horizon on these displays is
represented as the boundary between differently col-
ored filled areas, often with a line of a different color
between them. It is also possible to use a single-color
line (as long as it conforms to MIL-STD-1787C,
5.1.2.1; Horizon reference; the standard does not deal
specifically with terrain-depicting PFDs, nor does the
soon-to-be-released SAE Aerospace Recommended
Practice document on perspective displays deal spe-
cifically with this horizon-line issue) in terrain-
depicting displays where the ground and sky repre-
sentations are of known uniform colors (i.e., the
Chelton display uses a uniformly brown ground and
blue sky).

However, displays expected to portray a redistically
colored terrain representation or an enhanced depic-
tion having multiple, albeit unrealistic, hues require a
horizon line having components (bands) that will
contrast against many hues. To this end, a horizon
line was employed consisting of three two-pixel
bands alternating black-white-black. This was consis-
tent with horizon lines used in other full-color terrain
display experiments and with recommendations made
to a certification applicant who was submitting a col-
ored-terrain PFD for consideration.

The original display was created at a resolution of
640 by 480 pixels but presented on a 1280 by 1024
flat-panel display in the cockpit using 800 by 600
pixel resolution inset in the upper right portion of the
display. This produced a PFD image approximately
7.5 inches wide by approximately 5.6 inches tall (a
9.38 diagonal) and increased the apparent horizon-
line thickness from 6 pixels to about 8 pixels. Seen
from the pilot’s viewing distance of 26 inches, the
active display subtended 16.4 degrees horizontally
and 12.3 degrees verticaly, with the three-banded
horizon line subtending approximately 9.85 minutes
of arc vertically (each band about 3.3 minutes of arc).

Experimental Design

A two-factor crossed design was employed, with ter-
rain background (full-color; present or absent) and

guidance arrows (present or absent) as the independ-
ent variables. The supplemental condition, brown-
only terrain, was added after contribution of guidance
arrows had been assessed. Dependent variables in-
cluded initial response time (IRT; time to first control
input), total recovery time (TRT), primary control-
input reversals (first response in wrong direction),
and secondary control-input reversals (subsequent
response in wrong direction).

Two sampling variables were added to obtain more
representative data from across a wider range of dis-
play indications. Terrain depiction at roll-out was
planned using lead headings based upon expected
roll-out times (obtained in pretest) and presented ter-
rain either (1) higher than the zero-pitch reference
line (mountainous background) or (2) terrain lower
than the zero-pitch reference line (level terrain). Atti-
tude at recovery onset was also varied so that trials
included combinations of pitch (+20, 0, and —15 de-
grees) and bank (60 degrees left, 0, 60 degrees right)
excepting, of course, the zero-zero condition.

Three supplementa trials were also added for ap-
proximately the last 7 pilots in each group. These
trials included a near-mountains trial (terrain horizon
significantly above zero-pitch line), an inverted trial
(by sponsor request), and a 40-degree displayed field-
of-view trial (to assess whether previously expressed
pilot preferences for a wider displayed field of view
was linked with any improvement in performance
with awider field).

Equipment and Participants

Data were collected using the Advanced General Avia-
tion Research Simulator (AGARS) in the CAMI Hu-
man Factors Research Laboratory. The simulator was
configured to represent a Piper Malibu; the partici-
pants al flew in the left seat. The PFD was represented
on a flat-panel, high-resolution LCD mounted on the
instrument pand directly in front of the participant.
The PFD was presented at the size of an approximately
7-inch diagona measurement within a larger hard-
ware-display area, and the image showed approxi-
mately 30 horizontal degrees of the outside world.

The display layout was similar in many respects to one
dready certified for GA use. The experimenter-pilot
(EP) flew from the right seat with arepeater display of
the PFD mounted atop the glare shield. The out-the-
window view represented a hard-1FR situation with no
environmental visual cuesvisiblein the uniformly gray
fields. Performance data were recorded digitally, with
supplemental audio and visua data recorded on DVD
from two video sources (cockpit-wide view and PFD
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inset) and al audio sources (participant, EP, data-
collection experimenter).

Participants were 40 GA pilots (38 male, 2 female)
recruited from the local community, 8 assigned to
each of the 5 display conditions. Age and overal
flight hours were balanced across groups as partici-
pants entered the experiment (not assigned a priori
from a known sample). Ages ranged from 19 to 57
years. All were at minimum certified as Private Pilot,
while many were instrument-rated and a number
were flight instructors; initial license year ranged
from 1972 to 2004. Each group had a similar distri-
bution of pilot categories and hours of experience
represented, with total pilotagetime (as PIC in VMC)
ranging from 11 to 11,700 hours. Total flight times
ranged from 50 to 13,000 hours.

Procedures/tasks

After completing the informed consent form and filling
out a brief pilot experience questionnaire, participants
were briefed concerning the display they would be
using and instructed that recoveries would be from
unknown attitudes. Their task was to recover to azero-
pitch, zero-bank attitude, regardless of altitude or air-
speed, as the EP would configure the aircraft such that
performance was usualy within the operating enve-
lope (primary interest was in participant ability to in-
terpret the display and determine when a level attitude
had been restored). They were then ushered into the
AGARS, where they were further familiarized with the
display and with the smulator. They then donned a
headset and a visor so that direct vision of the display
would be obscured when they were in the head-down
preparatory position for the recovery.

Each pilot then took off from Albuquerque (ABQ)
and climbed out to the north into IFR conditions. All
pilots performed 8 warm-up (baseline) recovery ma-
neuvers, using the basic electronic attitude-direction
indicator (EADI) on the PFD, to familiarize them
with the performance of the AGARS and with the
dynamic functioning of the PFD. Each tria began
with the participant in the head-down position and
hands off of the controls. The EP then placed the
simulator into the required attitude and heading for
that trial, using predetermined airspeed, atitude, and
heading criteria that had been rehearsed (the same EP
performed all unknown-attitude entries for all par-
ticipants). The EP gave a preparatory “Ready” about
two seconds before handing over the controls, “and”
about one second before, and “Go!” at the transfer of
controls to the participant. After completing the
warm-up trial, the participant flew the simulator back
to ABQ and performed a full-stop landing. At this

time, the display format was changed and the proce-
dure repeated.

Experimental trials consisted of 16 recovery maneu-
vers (defined by combinations of the sampling vari-
ables described earlier), using the PFD that was as-
signed to the participant. Two different orders of the
combinations of sampling variables (attitude at onset
and terrain seen at roll-out) were used and balanced
across the groups. Accordingly, half of the headings
were selected to end the recovery facing mountainous
terrain higher than the aircraft altitude and half were
selected to end the recovery facing terrain lower than
aircraft attitude. Pilot recovery times and initia re-
sponse times were recorded for each trial. A recovery
was considered complete when the aircraft reached
+2.5 degrees of pitch and +5.0 degrees of bank and
was able to maintain those values for 3 seconds, a-
though trials were generally allowed to continue for a
few seconds after these criteria had been reached to
guarantee stability in the recovery.

The supplemental trials described earlier in the
Methods section were added to the end of the session
in the order of (1) near-mountains trial, (2) inverted
trial (the nose slightly above the horizon and a bank
angle of approximately 165 degrees), and (3) ex-
panded FOV trial. The participant then flew the simu-
lator back to ABQ for afull-stop landing. Participants
completed a posttest set of questionnaires regarding
their subjective assessment of the displays (one was
also administered after the warm-up trials), went
through a posttest interview, and provided both solic-
ited and unsolicited responses/opinions.

Results
Group Equivalence

Demographic variables. Groups were compared both
on the basis of the distributions of experience (hours),
categories of license/ratings, and age. Mean age by
group ranged from 26 to 28 years of age with no sig-
nificant differences between groups. The distribu-
tions of hours of experience and licensing/rating
categories were also similar enough between groups
that any differences found in performance were
unlikely to be aresult of those variables.

Baseline performance. Analysis of recovery times for
the baseline trials showed that the groups initialy
differed in their performance but were performing
equivalently (no significant differences) by the last
two trials (see Figure 5). This finding suggests that
all groups had attained a roughly equivalent level of
performance prior to entering the experimental trials.
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Figure 5. Mean recovery time by group and serial
trial for baseline warm-up using the basic electronic
attitude direction indicator (EADI).

Performance Variables

Recovery times. Multivariate Analysis of Variance
indicated there were no significant differences be-
tween the display configurations for either (IRT,
TRT) of the response-time variables. Figure 6 pre-
sents mean TRTs by maneuver and display format.
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Figure 6. Mean TRT (seconds) by maneuver and
display format.

To illustrate times actualy required to complete a
recovery, pitch-roll TRTs averaged around 10 sec-
onds, whereas roll-only recoveries averaged about
8.5 seconds. Pitch-only recoveries averaged ap-
proximately 8.6 to 9.0 seconds. Univariate analyses
were conducted to determine if type of maneuver
resulted in any significant differences between dis-
play types. Again, no significant differences were
found between displays and type of maneuver for
either of the response-time measures. (Means by ma-
neuver and display format are presented in Figure 6.)

Control reversals. Examination of control reversals,
defined as movements in the opposite direction of
that required for the recovery, indicated that were
only three clearly identifiable primary control rever-
salsin the nearly 800 trials. There were no secondary
reversals (initial response in correct direction; subse-
guent control movement opposite to input required).
Recovery times for the three reversals were not nota-
bly different from those of other trials. Thus, rever-
sals did not appear to be a factor, regardless of the
format of display used.

Supplemental trials. Analyses were conducted for
performance variables on each of the three supple-
mental trials. No significant differences were found
for the 40-degree FOV trials, the inverted trias, or
the near-mountains trials. Only one of the partici-
pants showed any indication of holding the nose of
the aircraft above the zero-pitch line in the near-
mountain trial rather than completing the recovery.

Questionnaires and Posttest Interviews

Pilots indicated, when interviewed, that they were
focusing their attention on the relatively prominent
zero-pitch line, and did not regard the terrain depic-
tions as significant contributors to their recovery task.
The directional-guidance arrows produced a positive
qualitative response from the participants, athough
there was no apparent performance difference. Par-
ticipants also expressed a relatively uniform prefer-
ence for the terrain-depicting displays in general. A
few individuals expressed a preference for the 40-
degree FOV, sating that it allowed them to “see
more.” The one individual who had kept the nose of
the simulator dlightly higher than zero pitch for the
near-mountain trial clarified, in the posttest inter-
view, that he had been concerned about the mountain
and had kept the nose alittle high in preparation for a
possible climb over the mountain, having no inde-
terminacy about the zero-pitch line location.
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Summary and Conclusions

It appears, for this specific task, that the presence of a
zero-pitch line of the contrasting components speci-
fied (white with black borders) and of the thickness
and extent specified (9 minutes of visual arc and run-
ning the entire width of the display area) allows pilots
to adequately discern the zero-pitch reference from
other features on the display and to perform recover-
ies from unknown attitudes without regard to the spe-
cific format of perspective terrain display used. It
also appears that the directional-guidance arrows,
despite being positively received by the participants
and having been demonstrated to be useful in a pre-
vious experiment, did not have an appreciable effect
on recovery times. The frequency of occurrence of
reversals was too low to allow any conclusion to be
drawn about the possible effectiveness of guidance
arrowsin that regard.

Given the previous findings (indicating enhanced
terrain awareness attributable to terrain depictions),
combined with the lack of detrimental effects found
in this study relative to recoveries from unknown
attitudes, there would appear to be few significant
obstacles to the implementation of this type of PFD
for general aviation use. Caveats to be observed,
however, would be that (1) similarly constructed ter-
rain depictions are used, (2) the zero-pitch line is
clearly differentiable from the terrain and sky depic-
tions regardless of the type of background and (3)
that the direction of off-display pitch-line locations
are clearly indicated.
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USE OF A TRAFFIC DISPLAY TO SUPPLEMENT VISUAL SEPARATION
DURING VISUAL APPROACHES

Randall S. Bone, John Helleberg, and David A. Domino
MITRE
McLean, VA

At many busy airports, maximum efficiency and minimum delay occur when visual approaches are being conducted
by pilots using visual separation from traffic. Pilot willingness to accept responsibility for visual separation also
affords controllers maximum flexibility in traffic management under conditions of high traffic load. It may be
possible to extend that efficiency to lower weather conditions if pilots are able to perform the same separation tasks
by reference to a Cockpit Display of Traffic Information (CDTI) in lieu of visual contact out-the-window (OTW).
This study isthe third in a series of four designed to examine whether a CDTI can be used for thistask. This
particular study documents the first simulation to examine the concept during visua approaches. Eight commercial
airline pilots flew visual approachesin aflight deck simulator, while maintaining a self-determined separation from
the traffic, using two airspeed control methods: autothrottle and manual throttle. The objective and subjective results
indicate that pilots are willing and able to perform this procedure (named CDTI Assisted Visual Separation (CAVYS))
during visual approaches, using either the autothrottle or the higher workload method of manual speed control.

Background

A Cockpit Display of Traffic Information (CDTI)
using Automatic Dependent Surveillance-Broadcast
(ADS-B) has been identified as an integral element of
the future Air Traffic Management (ATM) system
(e.g., RTCA, 2002b). Following some of the early
studies of CDTI (e.g., Connelly, 1977) and the first
deployment of rudimentary traffic displays associated
with the Traffic Alert and Collision Avoidance
System (TCAS), standards for a more robust CDTI
and an associated datalink have been developed
(RTCA, 2003). Additionally, a set of operational
applications for the use of CDTI also have been been
identified (e.g., RTCA, 2002a). However, limited
research has led to operational implementations of
only a few near-term applications (e.g., Olmos, et a,
1998). The current study is directed at fielding one of
the near-term applications using currently available
avionics (i.e., Garmin AT2000, a CDTI system) and
supporting the implementation by a customer who
has installed the avionicsin a portion of itsfleet (i.e,
United Parcel Service (UPS)). Initial development of
the concept has been under the name CDTI Enhanced
Flight Rules (CEFR). In the present study we adopt a
more descriptive (and currently accepted) term, CDTI
Assisted Visual Separation (CAVS).

Introduction

Visual separation can be used by Air Traffic Control
(ATC) to separate aircraft in terminal areas by
delegating responsibility to the flight crew who sees
the other aircraft involved. If the flight crew accepts a
clearance by ATC to maintain visual separation, it
must: maintain constant visual  surveillance,
maneuver the aircraft to maintain in-trail separation,
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avoid wake, and notify ATC if visual contact with the
other aircraft islost.

When visual separation is to be used, a traffic
advisory is issued by ATC to the flight crew. The
flight crew then searches out-the-window (OTW) for
the traffic and, when the traffic is visually acquired,
reports it in sight. The search for aircraft in a dense
traffic environment, during reduced visibility, or at
night can be challenging (Stassen, 1998). The flight
crew may have difficulty visually identifying aircraft
and may even identify the wrong aircraft as the traffic
of concern. These problems can be reflected in the
number of traffic advisories that must be issued
before the traffic is visually acquired, or the need for
a controller to intervene to re-establish separation.
After reporting the aircraft in sight, the flight crew is
assigned responsibility for visual separation and a
visual approach clearance can be issued. Theresfter,
the flight crew is responsible for maintaining
separation from the Traffic To Follow (TTF) to the
runway, while ATC continues to provide separation
from all other aircraft.

While maintaining visual separation, the flight crew
must adjust spacing as necessary to maintain a safe
arriva interval, and may have to detect and then
respond to unexpected deceleration of the TTF,
requiring them to adjust speed, reconfigure the
aircraft, and in extreme cases perform a go-around (if
the flight crew judges the separation to be unsafe).
Detection of decreasing range to a visual target can
be particularly difficult during clear nights when
aircraft lighting blends with other ground lights. On
occasion, the flight crew may lose sight of the
preceding aircraft, requiring ATC intervention to
establish another form of separation.
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Experience with the TCAS traffic display, and formal
studies, have shown that a display with traffic
information is an effective enhancement to visual
acquisition (Andrews, 1984). In fact, the concept of
using a traffic display for enhanced visua acquisition
is currently being practiced effectively in TCAS
equipped arcraft. During an operationa evauation of
pilot use of CDTI, flight deck observers noted that
when a CDTI was available to enhance airborne traffic
awareness it was normally the first method used,
followed by an ATC advisory or visual OTW sighting.
This pattern of use occurred during day (with poor
visibility) and night (with good visibility). In this flight
test, approximately 75% of the traffic events involved
use of the CDTI (Joseph, et. a., 2003).

The additional information available on the current
generation CDTI may also allow the flight crew to
make more accurate spacing judgments using
features such as closure rate, speed and distance
information, as well as a range ring with a spacing
alert (see Figure 1). The absence of this information
was noted during an assessment of the capability of
the TCAS traffic display to support pilot managed
separation (Hollister and Sorenson, 1990).

Finaly, when losing sight of the aircraft, Imrich
(1971) noted that the CDTI should assist in traffic
awareness when transitioning in and out of clouds, at
night, or during visual illusions. During an
operational evaluation / flight test, flight crews
reported that the CDTI helped in maintaining an
awareness of the exact position of traffic when flying
instrument approaches with visibility less than 5
miles and the TTF transitioned in and out of cloud
layers (Battiste, Ashford, and Olmos, 2000).

If information on a CDTI can be used to supplement
the visual separation task, visual approaches may
continue to be used during conditions under which
visual OTW contact cannot be maintained. Loss of
visual contact would normally require that visual
approaches be suspended with an associated loss of
arrival capacity. The ability to continue visual
approach operations under the proposed concept has
been shown to be beneficial (FAA, 2003).

Closure Rate

Groundspeed

Call Sign

Figure 1. Inset of CDTI showing an ADSB selected
target and the associated target information.
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Earlier studies in this series examined CAVS in the
context of the instrument approach. Discussions
among stakeholders and results of the previous
simulations led to the conclusion that visual
approaches will be the most likely initial
implementation. This is due to several issues arising
from use of a CDTI for separation in full instrument
conditions (for a description of the instrument
application, see Bone, Domino, Helleberg, and
Oswald, 2003). In the present visual approach
application, requirements for the conduct of the
visual approach are unchanged except for pilot use of
the CDTI to supplement visua separation. The flight
crew will be required to correlate the aircraft seen
OTW with the target on the CDTI prior to using the
CDTI to maintain separation.

Method

The MITRE CAASD ATM simulation facility is an
end-to-end, human- in-the-loop simulation consisting
of ageneric, fixed base, mid-fidelity transport cockpit
with a visua display system, controller stations,
pseudo-pilot capability, and the associated simulated
radio communications. Confederates supported the
simulation and provided simulated communication
with the controller and the other aircraft inbound to
the landing runway.

Subjects

Eight air carrier pilots (mean flight time = 8235
hours) were recruited for the study and were paid for
their participation. All had glass cockpit experience
and were familiar with the TCAS, which includes a
rudimentary traffic display. All were currently flying
turbojet aircraft. Each pilot acted as the “pilot flying”
during the simulation. An air carrier qualified
confederate acted as the “pilot not flying” and
performed CAV S-specific duties such as interaction
with the CDTI and providing verba closure rate
advisories.

CDTI

The CDTI was located in the throttle quadrant
forward console area (the same location typically
used in some weather radar instalations). This
location, out of the primary field of view, represented
a lower cost retrofit location and a likely initial
implementation. The CDTI display size had a 7 inch
(17.8 cm) diagonal. This display size and location
was shown to be acceptable in a previous simulation
(see Bone, Helleberg, Domino, and Johnson, 2003).
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The CDTI feature set was that required for the
Enhanced Visual Approach procedure as defined in
RTCA, 2003. Targets were displayed as chevrons. A
specific target could be selected to display additional
information. The available information included
target ground speed (in one knot increments), range
(in 0.1 nautical mile increments) from ownship, flight
identification, and weight category (see Figure 1).
Closure rate (in one knot increments) to TTF was
automatically displayed when certain geometry
constraints were met. Target range aerting was not
provided. The traffic information was overlaid on the
navigation display. Targets appearing on the CDTI
were correlated with visible traffic in the externa
visual scene.

Procedure

The experiment used a single independent variable
(method of speed control) in a “within subjects’
design. Two speed control conditions were examined:
manual control and autothrottle control. When using
the autothrottles, speed commands were input
through the Mode Control Panel (MCP). Without the
autothrottle, pilots manually controlled airspeed
using the throttle levers. The manual speed control
condition was expected to produce higher workload.
Method of airspeed control was counterbalanced
across scenario events and all subjects experienced
both methods.

At the beginning of the simulation, pilots completed a
pre-simulation questionnaire, were briefed on the
purpose of the study, and flew three practice
approaches to become familiar with the simulation
characteristics, CAV'S procedure, CDTI features, and
speed control.

After training, the data collection approaches began.
Parallel visua approaches were in effect for runways
17 Right and 17 Left at the Louisville Standiford
Airport (SDF), the main sorting hub of UPS. Subjects
flew avisual approach to either runway, however the
autopilot and approach coupler were used for flight
guidance on the available instrument landing system.
They were informed in advance whether the current
approach would be flown with or without the
autothrottle. Each trial began with ownship and TTF
in clear conditions on either downwind or a dogleg to
final on top of a haze layer. TTF weight category was
varied, with large, Boeing 757 and heavy jet traffic
simulated. Pilots would consider this information in
selecting their desired minimum spacing. Fina
approach speed within TTF category was aso varied,
with speeds drawn from a distribution appropriate to
that category. This reduced the ability of pilots to
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“learn” the final approach speed of a particular TTF
category during thetrials

The weather included a haze layer that began at 4000
feet Mean Sea Level (MSL) and continued down to
ground level. This haze layer allowed for the visual
acquisition of the TTF above the layer and assured
the loss of the aircraft from the visual OTW scene
during the final approach segment.

After each approach, pilotstaxied clear of the landing
runway and completed a workload form. Each
approach spanned approximately ten minutes. After
the simulation, pilots completed a questionnaire and
participated in an informal debrief.

Data

One of the main purposes of this study was to assess
pilot spacing behavior while using a CDTI to monitor
spacing in a manner similar to that used while
maintaining separation under a current visua
separation clearance. The spacing and closure rate
between TTF and ownship was collected at a rate of
once per second after the simulation aircraft and the
TTF were within, and remained within, the final
approach corridor.

After each approach, pilots completed a Bedford
Workload Rating Scale. The Bedford workload form
is a modification of the Cooper-Harper measure of
handling qualities of test aircraft. Pilots aso
completed a written questionnaire and debrief at the
conclusion of the study.

Results
Objective Data

The final spacing data represented the in-trail
separation as the TTF crossed the threshold, which is
commonly used as one measure of throughput
efficiency. To increase power and allow comparisons
across TTF weight categories with asingle ANOVA,
the spacing data was converted into arelative
measure of the distance between ownship and the
radar separation minima (including wake turbulence
requirements). It should be noted that required radar
separation was used only as areference point and is
not required to be used by flight crews maintaining
visual separation.

Due to various data collection issues, 15 trials were
excluded from the objective data analysis. This
yielded atotal of 81 trials with usable objective data,
which were used for the following analyses.
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In order to assess the effect of speed control method
on threshold spacing, a within-subjects ANOVA was
conducted on the spacing data, the spacing between
TTF and ownship at the threshold was not
significantly affected by speed control F (1, 7) =
0.10, ns.

Pearson product-moment correlations between the
initial spacing at the point at which pilots began the
spacing task and the final spacing when TTF crossed
the threshold were performed separately for each
TTF weight category. The correlations between
initial spacing and spacing at the threshold were
significant for all three aircraft categories: large TTF
r(41) =0.86,p<.01, 757 TTFr (19) =0.84, p<.01
and heavy TTFr (15) = 0.50, p < .05, indicating that
spacing at the threshold increased as theinitial
spacing increased.

Figure 2 depicts the relationship between initial
spacing and final spacing for TTF in the large weight
category. The graphsfor the 757 and heavy aircraft
show similar trends. Due to the variability introduced
by dynamic assignment of the TTF and cockpit pairs,
and distribution of final approach speeds for each
TTF, anumber of the TTF aircraft reduced their final
approach speeds to extremely slow levels. These
extremely slow TTF aircraft are also depicted in
Figure 2. Not surprisingly, the figure shows atrend
indicating that when pilots were following the
unexpectedly sow TTF the threshold spacing tended
to decrease.
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Figure 2. Relationship between initial spacing and
spacing when the TTF crossed the threshold when
following large aircraft, with both nominal and slow
final approach speeds.

The effect of speed control method on minimum,
mean, and maximum closure rate during each
approach was also assessed using a within-subjects
ANOVA.
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The minimum closure rate was not significantly
affected by speed control F (1, 7) = 0.55, ns.
However, the maximum closure rate between TTF
and ownship was significantly affected by speed
control F (1, 7) = 5.55, p <.05. Similarly, the mean
closure rate between TTF and ownship was aso
significantly affected by speed control F (1, 7) =
5.66, p < .05. Figure 3 shows that using autothrottle
generally resulted in lower closure rates.
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Figure 3. Relationship between closurerate
magnitude and speed control method.

In order to examine the relationship between closure
rate and the distance from TTF, the spacing data was
converted into difference scores using the applicable
radar separation minimafor that weight category,
(including wake turbulence considerations) as a
reference point These derived values were used in
the following analyses.

To assess the effect of speed control method on initial
spacing, awithin-subjects ANOV A was conducted
on theinitial spacing between ownship and TTF by
speed control method. Initial spacing was not
significantly affected by speed control F (1, 7) =
0.41, ns. Therefore, the observed closure rate
differences between autothrottle speed control (M =
1.2, SD = 1.44) and manual speed control (M = 1.4,
D =1.24) use were not due to differencesin the
initial spacing between TTF and ownship. Additional
follow-up examinations of the data also did not
indicate areason for the closure rate differences for
autothrottle and manual speed control.

Pearson product-moment correlations were
performed between minimum, mean, and maximum
closure rates and the derived spacing values at
threshold. The correlation between minimum closure
rate and distance from the spacing reference was
significant r (79) = .35, p <.01. The correlation
between maximum closure rate and distance from the
spacing reference was marginally significant r (79) =
.20, p = .08. The correlation between mean closure
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rate and distance from the spacing reference was
significant r (79) = .37, p < .01. Figure 4 depictsthe
relationship between mean closure rate and distance
from the spacing reference. It is clear from the figure
that pilots utilized higher closure rates when the
spacing between aircraft was greater and lower
closure rates when spacing was reduced.
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Figure 4. Relationship between derived distance
from spacing reference and mean closure rate across
the entire approach.

Subjective Data

All pilots reported that they would be willing to
perform the separation task by sole reference to the
CDTI under the conditions simulated in this study
with either manual or autothrottle speed control. All
pilots aso reported that they were more confident
when using the CDTI, versus OTW visual cues only,
for establishing spacing. Pilots agreed that the
necessary CDTI display features were available and
those features (see Figure 1) were beneficia in
performing CAVS.

Before starting data collection, pilots were asked to
complete a baseline Bedford Workload Rating Scale
estimating their workload during a typical visual
approach while using visual separation. One of the
pilots was unable to complete all 12 approaches due
to a simulation malfunction and therefore, completed
only 10 of the workload forms. This yielded atotal of
94 with workload data.

The workload ratings provided by pilots at the end of
each approach were subjected to a within-subjects
ANOVA to assess the affect of speed control method
on reported workload. The results reveded a
significant main effect of speed control, F (1, 7) =
6.33, p < .05. Figure 5 indicates that regardless of
speed control method, the overall workload ratings
were similar to the baseline and remained relatively
low (see Table 1).
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Figure 5. Raw workload ratings for baseline visual
approach and two speed control conditions while
performing CAVS.

Condition | Mean | Standard | Standard Bedford Workload L evel
Error of | Deviation

theMean
Baseline 24 0.07 0.70 Workload islow
Autothrottle | 2.1 0.12 0.83 Workload islow
Manual 27 0.14 0.94 Enough spare capacity for easy
throttle attention to additional tasks

Table 1. Values of workload ratings in relation to
two speed control conditions while performing CAVS.

Conclusion

This evaluation of CAVS used the concept during
visual approaches, with aCDTI located in the throttle
quadrant forward console, and examined workload
associated with different methods of speed control. It
replicated the findings of the two previous studies in
that pilots were able to adequately perform separation
monitoring by reference to the CDTI with acceptable
workload. (Bone, Domino, Helleberg, and Oswald,
2003; Bone, Helleberg, Domino, and Johnson, 2003).

Pilot responses indicated strong acceptance of the
CDTI features. In fact, pilots reported being more
confident with the use of the CDTI as compared to the
OTW visual cues for establishing the appropriate
spacing. Objective closure rate data indicated that
pilots were able to use the information available on the
CDTI to alow for higher closure rates when spacing
between aircraft was greater and lower closure rates
when spacing between aircraft was reduced.

When following al aircraft weight categories (large,
757, and heavy aircraft), final spacing between
ownship and the TTF increased as initial spacing
increased. These results indicate, as with the previous
simulations (Bone, Domino, Helleberg, and Oswald,
2003; Bone, Helleberg, Domino, Johnson, 2003), that
controllers will continue to have a key role in the
successful implementation of CAVS, since their
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vectoring procedures will determine the initia
spacing between aircraft on the approach. Tighter
initial spacing or an instruction to maintain a certain
speed or greater will permit pilots to “fine tune” their
spacing intervals.

While the higher workload reported for manual speed
control was dtatistically significant, it was not
operationally significant since the workload rating on
the Bedford Workload Rating Scale was ill,
“enough spare capacity for easy attention to
additional tasks.” Additionally, pilots reported being
willing to perform CAVS while using either the
autothrottle or manual throttle for speed control.

In the objective data, there was no effect of speed
control method on final threshold spacing. However,
higher closure rates were associated with manual
speed control. These higher rates were found for the
minimum, mean, and maximum closure rates (while
only the mean and maximum were statistically
significant). While there were differences between
manual and autothrottle speed control for closure
rate, finad spacing was not affected, thereby
indicating that the closure rate differences, while
interesting, may not be operationadly relevant.
However, further investigation or simulation may
be desirable.

CAVS is in the preliminary stages of development
and evaluation. The final simulation in this series will
again examine the visual approach application but
during night conditions. The simulation will aso
examine the effects of automatic range alerts, failure
conditions, and flight crew coordination procedures.
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EID FOR A TERRAIN-AWARE SYNTHETIC VISION SYSTEM
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Synthetic Vision Systems (SVS) are likely to become an integral part of the commercia flight deck in the future.
The introduction of SVS is driven by the need to increase safety, most notably to reduce Controlled Flight Into
Terrain (CFIT). Various avionics companies and research institutes have successfully developed SVS that have
shown to increase the pilot’s situational awareness regarding to attitude, position and clearance relative to the
terrain. To further increase the pilot’s terrain awareness, we believe that more meaningful information should be
added to the synthetic view on the outside world. This can be accomplished by showing the pilot how the external
congtraints (terrain) relate to the interna aircraft constraints (e.g. climb performance). Based on that information, a
pilot can see for himself what an obstacle actually means to him in terms of possibilities to fly over it, and if not,
what his alternatives for action are. A guiding principle to develop a more meaningful interface is the paradigm of
Ecological Interface Design (EID). This paper presents the preliminary results of an aviation work domain anaysis
conducted with respect to the manual control task of guiding aircraft through a terrain-challenged environment. This
work will serve as the foundation for developing an ecological SV'S interface with the objective to truly enhance the

pilot’ sterrain awareness.
Introduction

The dominant factor in al aviation fatalities can be
attributed to Controlled Flight Into Terrain (CFIT)
accidents (Breen, 1997). Analysis conducted by the
Flight Safety Foundation (FSF) showed that 90% of
the CFIT accidents occurred in Instrument
Meteorological Conditions (IMC) (FSF, 2002), which
indicates that current aircraft safety and warning
systems are inadequate in providing situational
awareness (SA). In order to prevent these types of
accidents, intuitive systems are needed that
continuously inform the pilot about his’her spatial
orientation in terms of terrain and flight path.
Synthetic Vision Systems (SVS) are believed to
provide these features, because the hypothesis is that
when you show the picture, the pilot will get better
awareness. However, recent research indicates that a
SVS aone does not inform the flight crew accurately
enough about their clearance relative to the terrain
(Schiefele, Howland, Maris and Wipplinger, 2003).
Therefore, a SVS is still backed by advanced terrain
warning systems like the (Enhanced) Ground
Proximity Warning System ((E)GPWS). These
systems address this issue by providing warning
messages and procedural tasks to be executed in
order to avoid terrain collisions. They have proven to
be of inestimable value in reducing the number of
CFIT accidents (Figure 1). However, in combination
with a SVS the warn-act strategy used by the
(E)YGPWS is not avery elegant solution. The warning
messages and procedural tasks it supplies, force the
flight crew to be reactive rather than proactive and
this could decrease the SA. It would be better to have
a SVS that graphically presents the meaning of the
terrain towards conduction a safe flight. Hence, a

better integration of the (E)GPWS functionality into
the SVSis needed.

AIR TRANSPORT CFIT ACCIDENTS PER YEAR
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Figure 1 The introduction of terrain warning systems
such as the GPWS has reduced the number of CFIT
accidents considerably.

This paper investigates the possibility to use
Ecologica Interface Design (EID) to develop a SVS
that adds more meaning to the computer-generated
imagery of the outside world. This will be done by
analyzing how the internal aircraft constraints,
formed by its performance and maneuver limitations,
relate to the external constraints formed by the
terrain. Eventualy, by visualizing the internal and
external constraints on the SVS, the pilot will be
much more aware of the margin within he can safely
operate the aircraft.

The structure of this paper is as follows. First, the
challenges that current SVS face are dealt with.
Second, a definition for terrain-awareness is defined
followed by the motivation for using the EID
framework. Then, atest case in the vertical plane will
be provided in order to analyze what is involved in
flying over obstacles. Finally, the result of this
analysis will be used to construct a preliminary AH
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of the manua control task when guiding an aircraft
through a terrain-challenged environment.

Challenges of SVS

A SVS is basicdly a synthetic view of the
surrounding world overlaid with essential aircraft
status information (Figure 2). The main benefit of
integrating all thisinformation on asingleinterfaceis
that pilots do not require diverting their visual
attention away from external events and primary
flight reference (Prinzel, Comstock, Glaab, Kramer
and Arthur, 2004). Furthermore, it enables the flight
crew to see the surrounding terrain even in low-
visibility conditions. Therefore, SVS are believed to
provide the adequate safety and SA enhancements
needed to maneuver an aircraft through a terrain-
challenged environment. By visuaizing the terrain
and obstacles ahead of the aircraft, the pilot can
visually assess for himself whether or not an obstacle
isapotential threat.

Figure 2 SV showing a perspective view on the
surrounding terrain.

Although a pilot can see the obstacles ahead of the
aircraft, the SVS interface does not provide specific
information what those obstacles actualy mean to
him. For example, the pilot sees on the SVS a
mountain ridge at a certain distance ahead of the
aircraft. What meaning has this mountain ridge to the
pilot? Does it mean that the aircraft can fly over the
ridge when it continues on the same course? If not,
what kind of vertical maneuver will be required in
order to fly over it safely? And at what moment in
time should this maneuver be initiated? And if the
aircraft will not be able fly over it due to its
performance limitations, what kind of horizontal
evasive maneuver will be required? Current SVS do
not provide answers to these kinds of questions. They
only show the pilots status and predictive information
in terms of where they are and where they are going.

Hence, the pilot himself is responsible for using his
understanding of the aircraft's performance and its
limitations in order to execute a feasible evasive
maneuver. This task is further complicated by the
relatively large Field Of View (FOV) adopted by
many SVS, which makes it difficult to determine how
close the aircraft is actualy flying relative to the
terrain and how fast theterrain isrising relative to the
current altitude flown (Schiefele et al., 2003).

To give the pilot elementary meaning of the obstacles
ahead of him, current SVS need to be equipped with
Terrain Awareness Warning Systems (TAWS) or
EGPWS. However, these warning systems were not
designed to work specifically with a SVS interface.
Therefore, the link between these systems and the
SVS interface is not very elegant. Currently, when
the EGPWS issues a caution, the caution is written as
a message on the SVS interface (eg. “Caution,
Terrain” or “Terrain Ahead”). In case the EGPWS
issues a warning, the warning message and what to
do about it is also displayed on the SVS interface
(e.g. “Terrain-Terrain, Pull Up-Pull Up”). It would be
better to have a SVS that shows a graphical
representation of the meaning of the terrain/obstacles
ahead such that it will prevent the flight crew from
ever coming in a hazardous situation where the
EGPWS will be triggered. This requires the SVS to
make the pilots aware of the aircraft's maneuver
capabilities and limitations. Hence, the functionality
of the EGPWS should be integrated into the SVSin
order to increase the “terrain awareness’ of the pilot.

Terrain Awareness

In general, keeping the SA of the flight crew at ahigh
level is one of the most important jobs of the onboard
aircraft systems. A definition for SA is ‘the
perception of the elements in the environment within
a volume of space and time, the comprehension of
their meaning, and the projection of their status in
the near future (Enddey and Garland, 2000).
Applying this definition to the pilot's awareness of
the environment, he must be able to perceive the
obstacles ahead, determine what those obstacles
mean to him and make decisions based on that
infformation. Current terrain  warning systems
automate the process of comprehending the meaning
of those abstacles and making decisions how to act
accordingly. The computer-generated decisions are
then presented to the pilot in the form of tasks to be
executed. Although procedural tasks can reduce the
pilot's menta workload, it can aso reduce his
awareness about the situation at hand. Hence, in
order to increase the terrain awareness of the pilot,
the onboard systems should actually support the
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pilot's process of comprehending and decision
making instead of automating and hiding them. Real
terrain awareness will only be obtained by not only
showing the obstacles, like a SV'S currently does, but
aso by continuously showing the aircraft's
performance and maneuver limitations such that a
pilot can see for himself whether a situation is a
threat to safety or efficiency, and can also see what
possibilities and alternatives there are to escape from
this. However, it can be expected that an EGPWS
will still be needed as a warning system. But by
adding meaningful information about the terrain and
the aircraft’s performance to the SV S interface, it can
be imagined that an EGPWS caution/warning will
hardly ever be triggered, and when it is triggered, the
pilot fully understands why. A guiding principle to
develop such an interface is the paradigm of
Ecologica Interface Design (EID).

Reasonsfor Using the EID Framework

EID is a theoretical framework for designing human
computer interfaces for complex socio-technical
systems. The term ‘ecological’ reflects the need for
incorporating environmental constraints of the
application domain into the design of an interface. It is
important to mention that the framework describes
more or less a number of guiddines to analyze the
cognitive work domain rather than giving a specific
recipe to determine what the interface should look like.

EID is originally developed by Rasmussen and
Vicente (1992) to increase the safety in process
control work domains like nuclear power plants. The
EID framework has been applied successfully in the
aviation domain for the design of a fuel and engine
systems interface (Dinadis and Vicente, 1999) and an
interface for the approach-to-landing (Amelink, Van
Paassen, Mulder and Flach, 2003).

The goal of EID isto design interfaces that reveal the
affordances of the work domain in such a way that
they support each level of cognitive control. The
property that makes EID so interesting is that it
allows the operator to freely choose whatever means
are avalable to solve a problem, or to apply any
control strategy that satisfies the system goals based
on the operator's preference and expertise.
Furthermore, it assists the operator in constructing a
mental model of the system. In contrast to interfaces
based on procedural tasks, which only tell the
operator what to do by giving directions, an EID
interface provides a more convenient “map” of the
system/situation so the operator can decide form
himself what to do, how to do it and what his
alternatives are. A well designed EID interface could

even support the operator in coping with
unanticipated events, which makes the interface more
robust than interfaces or systems based on pre-
programmed algorithms. Hence, this makes the EID
framework a suitable candidate for designing a SVS
interface or SVS overlays that will truly increase the
pilot’ sterrain awareness.

EID for Supporting Terrain Awareness
System boundary

In order to successfully conduct a work domain
analysis, a precise definition of the system’'s
boundary is needed first. For this preliminary work
the focus will be limited to the manual control task in
the vertical plane of guiding an aircraft through a
terrain-challenged environment. Therefore, the
primary goa or “functional purpose’ of the system
(the aircraft) in the environment will be to safely
operate it without colliding with terrain, or simply
‘terrain avoidance’. In order to further analyze the
work domain, the constraints that influence the
system goals must be identified. These will primarily
consist of externa (terrain) and internal (aircraft)
congtraints. Most of the internal aircraft constraints
have already been identified (Amelink et al, 2003). A
brief summary of those results will be provided in the
following text.

The Role of Energy in Flying

Pilots unconsciously act on the energy state of the
aircraft in order to control it effectively. By
experience, a pilot knows that he has enough room
for safe maneuvering when he flies high and fast.
From there, a pilot can safely exchange atitude to
gain speed or the other way around (Langewiesche,
1944). They will especially avoid flying low and
slow as this means that e.g. they do not have enough
freedom to pull-up and gain altitude at the cost of
speed in order to avoid obstacles or terrain. In
essence, this menta model of maneuvering
awareness is directly related to the awareness of the
energy state of the aircraft. Hence, pilots like to have
lots of total energy such that they have enough
opportunity, as dictated by the law of conservation of
energy, to exchange kinetic energy (speed) and
potential energy (altitude) for maneuvering. This
means that in the vertical plane the pilot essentially
plays the role of energy manager of the aircraft.

Aircraft Manual Control Task

The aircraft manua control task with respect to
energy has already been investigated. To manage the
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energy state of the aircraft, the pilot will generally
apply two control strategies. In the first strategy, the
throttle is used to control the vertical flight path
(altitude) and the elevator to control speed. In the
second strategy, the elevator is use to control the
vertical flight path and the throttle to control speed.
In terms of energy, the pilot actually controls with the
throttle the total energy rate. The elevator is used to
distribute the total energy between potential and
kinetic energy. An abstract view of the manual
control task (in the vertical plane) can be depicted as
“the reservoir analogy” (Figure 3).

Kinetic
energy

Throttle

Elevator

Figure 3 The reservoir analogy, in which the throttle
regulates the total energy flow and the elevator
distributes the total energy flow between kinetic and
potential energy (Amelink et al, 2003).

Now that the aircraft manual control task is described
in terms of energy, it remains to describe how this
can help the pilot to maneuver over an obstacle.
Clearly, the above analysis describes more or less the
physics behind piloting itself, but it does not provide
any information on how a pilot uses this to construct
his mental model of the aircraft's maneuver
capabilities to avoid terrain/obstacles. Therefore, in
order to enhance the pilot's terrain awareness, he
should continuously be confronted with the aircraft’'s
performance and maneuver limitations based on its
energy state.

The Role of Energy in Terrain Avoidance

With respect to terrain collision the position of the
aircraft relative to the terrain is an important factor.
Besides the position, also the aircraft’s performance
will play an important role. In the vertical plane it can
be imagined that the energy state of an aircraft
determines its climbing capabilities. Whether an
aircraft is capable of safely passing an obstacle
depends on the total amount of energy it possesses. If
it is sufficient, enough kinetic energy can be
exchanged by potential energy to be able to pass over
the obstacle. This exchange is only limited by the
minimum kinetic energy of the aircraft, referring to
its minimum speed (stall). However, no aircraft is

capable of exchanging its energy instantaneoudly.
The exchange is bounded by the performance
limitations of the aircraft and this also determines at
what moment in time the pilot should initiate the
evasive maneuver (Figure 4).

Quasi-stationary
climb

Epot,
= Et ot

Pull-Up

Figure 4 How fast an aircraft is able to exchange its
kinetic energy into the potential energy level that is
required (Epo,) to safely pass over the terrain is
limted by the pull-up maneuver and climb
performance.

Analysis showed that in the vertical plane three types
of dynamic maneuver boundaries are important: the
pull-up/pull-down maneuver, the optimal quasi-
stationary climbing flight and the optimal gliding
flight in case of total engine failure.

Performance Limitations

Pull-up/Pull-down Maneuver. As mentioned before,
an aircraft will never be able to exchange energy
instantaneously. When there is an excess (deficiency)
of kinetic energy, a pull-up (pull-down) maneuver is
used to initiate the exchange of energy. The pull-up
or pull-down maneuver can be approximated by a
circular maneuver (in the vertical plane). Analysis
showed that when the vertical load factor of the
aircraft will be limited to a certain value, the radius of
the circle will increase with increasing speed. Hence,
in high speed conditions, the pull-up maneuver will
be important in avoiding terrain collision.

Optimal Climbing Flight. In general, there are three
types of optimal climbing flights (Ruijgrok, 1996):

1. Thefastest climb or least timeto climb,

2. The steepest climb or minimum range
during climb,

3. The most economical climb, where the
smallest amount of fuel is consumed.

Here, the second type of climb is of highest concern
since the functional purpose of the system is to
increase safety and avoid terrain collisions at all
costs. The steepest optimal climb will generally be
executed by setting the thrust to climb-power and
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holding the indicated airspeed corresponding to this
type of climb. This results in a maximum climb
angle.

Optimal Gliding Flight. In general, there are two
types of optimal gliding flights (Ruijgrok, 1996):

1. Thedgliding flight with the longest duration
or flight at the minimum rate of descent,

2. Thedgliding flight resulting in the maximum
range or flight at the minimum angle of
descent.

Here, the second type of optimal gliding flight is of
highest concern since it will not be interesting to
know how long an aircraft is able to stay in the air.
The optimal gliding flight will generally be executed
by holding the indicated airspeed corresponding to
this type of descent (typically, at which the drag is
minimal).

The two optima flights and the pull-up/pull-down
will serve as the system’'s upper (climb) and lower
(descent) performance boundaries (Figure 5). These
boundaries can be used to detect a possible threat to
safety and what the pilot can do to circumvent this
threat and what his limitations are. For example, if a
mountain rises steeper than the steepest climb angle
reachable by the aircraft, the pilot is in trouble and
should perform an evasive maneuver in the horizontal
plane.

Optimal Climbing Flight N

Optimal Gliding Flight
Figure 5 The performance limitations can be used to
detect a possible threat to safety. Here, the aircraft
can still fly over the mountain ridge when initiating
the optimal climb. However, in case of total engine
failure an evasive maneuver in the horizontal plane
will be required.

A Prdiminary Abstraction Hierarchy for
Aircraft Terrain-Avoidance

In EID, the abstraction-decomposition space will
serve as a representation of the work domain. The
space consists of two dimensions, with along the top
the decomposition (or part-whole) hierarchy and
aong the side the abstraction (or means-ends)

hierarchy. In the decomposition space, each level
represents a different granularity of the same work
domain. Moving from left to right is equivalent to
“zooming-in” because each successive level provides
a more detailed representation of the work domain.
The abstraction hierarchy ranges from, top to bottom,
the most abstract level of purpose to the most
concrete form of material. In general, higher levelsin
the AH represent the work domain in terms of its
functional properties, whereas lower levels represent
it in terms of its physical form.

The AH in this preliminary work will describe the
work domain of aircraft terrain-avoidance in the
vertical plane. The names of the levels are left the
same as in Amelink’s work. The content of the AH,
for the analysis described in this paper, will be briefly
discussed below and is summarized in Figure 6.

Functional Purpose

In general, the purpose of the system, i.e. the aircraft,
in the environment is to fly to some destination and
let it conduct a safe flight. Hence, the main goal is to
reach the destination without colliding into terrain.

Abstract Function

This level describes the energy relations that govern
the aircraft’s movement in the vertical plane along
with the energy of the terrain. In order to satisfy the
goas of the level above, the potential energy
congtraint of the terrain and the aircraft’s energy state
are important.

Generalized Function

This level describes the aircraft maneuver functions
and terrain shape function. The lift, weight, drag and
thrust determine the constraints on the aircraft
maneuver capabilities (pull-up/pull-down, optimal
climb and optima glide). The terrain’s atitude
profile determines the environmental constraint that
the aircraft has to consider in order to satisfy the
goals of the level above.

Physical Function

This level describes the physical implementation of
the aircraft and terrain itself. They are the means that
serve the ends of the level above. It includes the
wings, control surfaces, power plant (engine) and the
terrain’s profile.
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Physical Form

This level contains the geometry of the aircraft and
the terrain’ s shape.
More Detailed ——— >
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Figure 6 A preliminary Abstraction Hierarchy (AH)
for the aircraft manual control task in the vertical
plane with respect to avoiding terrain collision.

Conclusions

This paper can be considered to be work in progress.
The preliminary AH has structured the problem of
terrain collision avoidance in the vertical plane with
respect to the external constraints (terrain) and
internal aircraft constraints. The ultimate goa is to
develop an ecological SVS interface that will assist
the pilot in building a mental model of the aircraft
maneuver capabilitiesin order to conduct a safe flight
without colliding into terrain. The above analysis and
AH reveals the dynamic aircraft maneuver limitations
that has to become part of the interface. It is expected
that the ecological SVS interface can be applied in a
larger range of application domains than the EGPWS,
because the analytical foundation of the interface's
content contains more of the work domain.

The next step will be to evaluate a low-dtitude
terrain following task with a display concept based
on the above anaysis. Its purpose will be to
determine to what extend the pilot is capable of
avoiding terrain collisions with and without support
by the interface.
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Many studies have reported on some human factors influencing the communication process, especialy in
aeronautical framework (see Davison (2003) for example). When spoken, communication comprises three different
components. production, perception and understanding. The communication is often disturbed by one or many
errors that affect one or several of these components. Consequently, one way to make air traffic control (ATC)
communications more efficient and robust is to have as much knowledge as possible on these problems and their
usua management. This paper presents the interests brought by corpus-based studies to Air Traffic Control (ATC)
applications, especialy interactions‘communication between controllers and pilots. The corpus recorded represent
dialogues during exercises where air-traffic controllers being formed interact/converse with people simulating
pilots in practice. We propose error and strategies typology in accordance with the phraseology Then, we describe
the principles and the specification adopted both for the recording and the annotation of corpus. Then, we report
first results obtained from corpus analyses on errors and correction strategies of the air-traffic controller, and
comment them in regards with ATC oriented applications.

Introduction

In the context of air controllers’ activity, error
handling is a very important thing, since it concerns
the management of traffic and its security. The
communication between air-traffic controllers and
pilots must respect a phraseology (communication
principles and rules).

We report how this handling is made during the air-
controller formation. It consists to exploit a corpus of
spoken dialogues that take place during air controllers
formation. We will show how this exploitation is
made, via severa levels of annotation (orthographic,
semantic and diaogic) to study errors and corrections
made during their formation. This goes through
strategies of correction and self-correction. They are
peculiar features of spontaneous speech, especialy in
stress and apprenticeship situation, as is the case with
air controllers in formation. Indeed, because of the
necessity of managing errors, each one has
imperatively to be detected and corrected as soon as
possible. We distinguish several categories of errors
and different correction strategies.

In a first part, we will present the goal and the
characteristics of the corpus, and the context in which
it has been recorded. We will also comment/report the
needs of a multi-layer annotation level for conducting
natural language researches in the ATC domain. Then,
we will present the annotation specification we chose
for this work. Finally, we will give the results we

obtained concerning errors and corrections and the
categorizationsit led usto.

Description of Corpus

Characteristics of controllers —

communication

pseudo-pilots

The formation of the Air Traffic Control (ATC)
controllers includes theoretical teachings, but also
consists of alot of training sessions. These sessions are
made of communication between air-traffic controllers
being formed and “pseudo-pilots operators’ (that is,
people simulating pilotsin practice).

The aim of the exercises is to train apprentice
controller activities, and then evaluate them. It consists
of managing several planes that are in a controlled
area, for example by assigning them a given speed
and/or position. Two languages were used: French and
English (French being the majority). The exercise
conditions were as near as possible from red
environment: controllers worked with screen giving
the radar position of virtual “planes’; the air traffic
was simulated by several persons assuming the role of
one or many pilots. Some background noises
(overlapping conversations, sounds emitted by
microphones, etc.) also occurred.

Figure 1 below is a formalization of the communication
between a controller (C1) and agiven pilot (pilot#1) until
the controller addresses to another pilot (pilot#2).
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The utterances produced by the controller, as well as
the pilots ones, must respect the phraseology. It
describes, for example, the way the speaker must
pronounce the planes call signs, or the order that the
different components of a message have to follow.
Two speakers can't speak at the same time, due to
technical limitations: the audio channel is only
assigned to one speaker. During the formation step, the
phraseology is not always strictly respected even in
real work conditions. But its general guidelines are
kept. However, its learning and mastering was also
aimed by exercises.

An instance of a simple order that an air controller can
formulate to a pilot is: “Delta Tango Charlie climb
level 9 0”. We find, first, the call sign of the pilot’s
plane (“Delta Tango Charlie”), and then the order
itself. In a regular grammar (Dourmap & Truillet,

Controller #1 (1) Pilat #1 (P1)

—® | Begin of section #n

Turn #1
C1 o= >

Turn &2

P11 ==
(] Filot 42

End of section #n

.| Eedqinof section
#n+1

Figure 1. Sections of sequences and turns

2003), this utterance is composed by a call sign and the
order. This last one is composed of a command,
“climb”, that plays the role of a predicate, whose
argument is a value (for instance, “9 0* in our
example). More complex utterances can also occur,
composed of a sequence of simple orders. For a
complete description of the French cal signs and
orders, see (Dourmap & Truillet, 2003).

Description of Corpus

The recordings were made on July 2001 at the ENAC
(Ecole Nationale d'Aviation Civile; in English:
National School of Civil Aviation) from Toulouse, in
the framework of the VOICE® project.

! Initialy named VICTOR (Truillet & Vigouroux,
2001). VOICE goas are the study of spoken
interaction utility and usability in the ATC area. To

A DAT (Digital Audio Tape) was used. They were
sampled at 16 kHz (16 bits). For recording reasons, the
speech signal quaity sometimes suffers from
saturation or noises such as interferences. However, it
staysintelligible. There were 16 speakers, and the total
length of the corpusis 36 hours 50 minutes.

Transcription and Annotation M ethodology
Multi-level annotation

According to the need, transcriptions and annotations
of oral corpus can be opered at different levels:

1. Orthographic: putting what is said in writing,
along with, possibly, the environment sounds.
This level can also be augmented by labels of
prosodic and extra-linguistic phenomena, such
as pauses, hesitations, and so on;

2. Phonetical: transcribing what has been said in
an |.P.A. (International Phonetic Alphabet).
This level is useful to learn acoustic models for
automatic speech recognition system and the
various pronunciation of a word according
(maternal language for instance).

3. Grammatical: assigning grammatical
categorization to words of sentence. Some
analysts also proceed to a lemmatization of
words; that is to say, any inflected word is
reduced to a canonical, basic form, caled a
lemma;

4. Semantical: this level can be processed
according to different ways. For instance, one
may seek to annotate words and/or sentence
according to their meaning. On the other hand,
the annotator can also focus his interest on the
language acts expressed in sentences (in
(Austin, 1962) sense). In the case of a corpus
containing dialogs, such as our, it can also be
the dialogs acts (Bunt, 1996) that are of interest.
This kind of corpus can aso be annotated
according to afourth level: dialogic one.

5. Didogic: it concerns the structuring of the
utterances produced by participants of dialogue.
The annotation methodologies for this level are
generally inspired from the works aiming to
modeling dialogue and the combination of its
components. One of the most famous is
presented in (Roulet et a., 1985). To sum up, it
consist in subdivide dialog in different

reach these aims needs: firstly to formalize under
language models (like in (McTait et a. 2004) and
(Dourmap & Truillet, 2003) for example) the
phraseology used in real situation (Maugis, 1995);
secondly to conceive a training environment where
the pseudo-pilots will be replaced by spoken agents.
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hierarchical levels. The main ones, from higher
to lower, are: language act (the smallest unit),
intervention (made by a given speaker, can be
congtituted of severa language acts), and
exchange (set of interventions related to a given
topic).

Aswe have shown in this brief state of the art?, thereis
a very large set of annotation methodologies. The
choice is made according to the study aim of the
corpus. We will show now in which way this study
subject has led to the choice of a given way of
transcribing and annotating.

TranscriptionAannotation Methodology

We transcribed dialogues as well as annotated them
according to some specifications ((Coullon & Gralia,
2000) and (Coullon et a., 2001)). The authors also
made a distinction between the orthographic
transcription and annotation. Annotation corresponds
to an interpretation (at semantic, dialogic levels, etc.)
of the orthographical string. These two tasks
correspond respectively to the first, fourth and fifth
levels described in the above multi-level annotation.
Let’'s see more details.

Specifications are defined, firstly to determine
elements that have to be transcribed. Secondly, to
obtain homogeneity of transcriptions in case where
several annotators processed the tasks. They consist
essentially of rules to follow to transcribe technical
ATC items such as call signs, speeds, etc. It also gives
instructions to transcribe extra-linguistic events like
hesitations, pauses, or accentuations. While
transcribing the formation corpus, we believed that this
specification wasn't sufficiently fine grained to mark
out specific phenomena. Consequently, we contributed
to the specifications by creating other classes of
phenomena necessary to transcribe. We aso refined
existing one with sub-categories. Indeed, we
considered the fact that the annotator could possibly
not have access to the recordings, or not have time to
refer to it for a given detail. Consequently, it is
necessary to spot any phenomenon that could be
interpreted as a marker for a language act, and
accessible only via recordings hearing. For example,
we introduced several tags corresponding to different
pause lengths. This was based on the observation that,
while a short pause could occur when one get his
breath back, a longer one could spot something
interesting in the speaker’s behavior. For instance, he
can have been disturbed by noticing he did an error,

2 For a more detailed overview, interested readers can
confer to (Truillet & Vigouroux, 2001). Many works
have been made on corpus; one of the nearest from
our is (McTait et a., 2004).

and seeking to fix it. We will come back on this
example in the part devoted to correction study. In the
same way, we noticed that frequently, the words
produced when the speaker realize that he did an error
are affected by a dight acceleration. Considering that
this phenomenon could be considered like a marker of
a correction, we decided to mark it with a special tag.
It appears that, by doing this, we reach beyond the
framework of “raw information” given by
specifications. Indeed, this decision is based upon an
interpretative act. However, we thought that if it
wasn't done during the transcription, the annotator
would miss some interesting phenomena.

We see here an illustration of the interconnection
between the different levels of transcription/annotation
we spoke about above. This lead us to the presentation
of the transcription work.

As stated above, the aim was to give additional
comments and labels to the transcribed elements. Thus,
it would be possible to extract data according to a
maximum number of criteria, and to carry out
statistical researches (Coullon & Gralia, 2000, p.12).
The information to give consists in two main
categories. The first one corresponds to the
identification of data related to the flights, like their
coordinates, their ID, identity of speaker etc. The
second aims to label the content of phrases, notably in
terms of illocutionary function. This last category
includes many fields. They marks for example opening
and closing of dialog, politeness, or correction. In the
second part of this article, we describe the study made
onthislast illocutionary act.

Poitiers D er ENAC D | K C C er good morning  level 110 direct O“hﬂg;aph'c

Semantical
S~ . level
Position Hes. Ctr CS Hes./SC Politness

Instruction

Caption : Ctr: Center ; CS: Cdll sign; Hes.: Hesitation; SC: Self Correction

Figure 2: Annotation of a simple order at two
levels

Work tool

Thetool we used for transcription is Transcriber. It isa
software developed at the DGA (Dé égation Générale
pour I’ Armement: in English; General Delegation for
Armament) to permit the transcription of broadcast
(Barras et al., 2000). It offers advanced functions of
transcription and annotation. It also allows to align
transcription on signal. Furthermore, Transcriber gives
opportunity to save transcription under severa
electronic formats, among which XML®. This last
format is conceived to be easily portable and handled.

% eXtensible Markup Langage.
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Its usage is especially appropriate since this format has
precisely been chosen to structuring the data obtained
after the transcription of our corpus. Moreover, aDTD
corresponding to the specifications was elaborated
(Coulon et ., 2001). This DTD was completed by our
added specifications.

These possibilities adlow to simplify statistical
enquires, such as counting the number of occurrences
of the various strategies.

Exploitation of Transcribed Corpus: Application
to Errorsand Corrections Study

In a previous study (Bouraoui et al., 2003), we
presented a complete study on this topic. It is not the
main subject of the present article. Consequently, we
will only give the most outstanding results. Indeed, our
aim is to illustrate the interest of this kind of work for
the study of interaction between controllers and pilots.
First, we present the categorizations we made, and
conclude by giving the main results and comments.

Errors typology

After several viewings of the corpus, we noted that,
whatever the error is, it's not the whole utterance
(simple or complex, as definedabove) that is wrong,
but only a part of it, or the way it is constructed. Due
to this observation, we defined the following classes of
errors:

- On an attribute: we mean by “attribute” an
alphanumeric data that can be considered as
an argument of a command. It can be for
example a plane call sign (“Britair 452"), a
position (“90"), atown (“Paris’), etc;

- On a command: a term (most often
corresponding to an order, such as “climb”,
“request”, etc.) is substituted to ancther;

- On utterance structure: a word or a group of
words is not at its correct position in the
utterance. For example “Air France 41 82
good morning climb level identify climb level
140": here, the speaker realized that he began
to give the order “climb level 140" before the
order “identify”. Consequently, he corrects
himself. The phraseology imposes the respect
of the structure;

- On the language used: the speaker notice (or
is being noticed) that he does not speak in the
correct language (French instead of English
or vice versa). For example, in the following
dialog, the pseudo-pilot reminds to the
controller that he must talk to him in English:

* Based on the two thirds of our corpus that were
processed at that time. The present study is based on
the whole corpus.

Controller: “November 9 O O euh Fox
Roméo contact ENAC 123 décimale 8" —
Pseudo-Pilot:  “in  English please”. This
category is totaly dependant of the ATC
domain. Indeed, it is due to the fact that the
controller has to speak one language
according to the pilot he addresses to.

When an error is noticed, whether it is by the speaker
or hisinterlocutor, it gives rise to various strategies of
correction and self-correction, which we describe
below.

Correction and Self-correction Strategies

WEe Il make a distinction between three main strategies
of correction: self-correction of an element of the
utterance being produced (either attribute or order),
self-correction of a previous utterance, or correction
coming from the interlocutor. The distinctive features
of these categories are based on the person who does
the correction (speaker or interlocutor) and the
moment when it occurs. Indeed, we think that these
different kinds of corrections can occur in distinct
ways, and consequently be characterized by specific
markers. Some studies on others oral corpora (notably
(O’ Shaughnessy, 1992), (Nakatani & Hirschberg,
1994), (Bousguet, 2002)) also revealed the existence
of a phenomenon called “false-start” It occurs when
the speaker begins a word, and stops producing it
before the end. We considered it like an other category
of self-correction.

Here follow examples of each of these categories,
taken from our corpus (we set the element being
corrected in italics):

- Sef-correction: “KLM er 2 1 5 climb level 1
9 0 contact ENAC 120 contact ENACer126
decimal 8 5.”. The controller asks to pilot to
go to level 190, and to contact ENAC on
frequency 126.85. He makes a correction on
the frequency to use. A particular kind of self-
correction is false-start. For example: “Fox
Golf Hotedd Mike November ENAC good
morning (...) speed minim er 200 Knots
minimum.”. The speaker begins to utter the
word “minimum”, and stops himself before
ending it for he noticed that he did not give
the speed;

- Correction of a previous utterance: here is a
short dialog between a controller and a
pseudo-pilot: Controller: “er Fox Kilo Charlie
maintain level 1 7 0.”-Pseudo-Pilot:"to level 1
7 0 Kilo Charlie.” - Controller: “er Fox Kilo
Charlie correction maintain level 1 9 0.” The
controller first gives a position to which the
pseudo-pilot must go. The pseudo-pilot
confirms, but afterward, the controller
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corrects his previous order, that was giving
wrong coordinates,

- Correction from the interlocutor: here again, a
dialog between a controller and a pseudo-
pilot: Controller: “eun TAT 289 Mike Lima
(...) join Poitiers’ - Pseudo-Pilot: “Lacan
Amboise Poitiers it's TAT Mike India.”. In
this example, the controller made a mistake
on a part of the call sign of his interlocutor.
Consequently, this one corrects him.

Markers

This part will be subdivided in two: we will first make
general remarks about the different markers picked
out, and then focus on the case of lexical ones, which
present some interesting features.

General remarks. Two questions rise when one speaks
about makers of a given phenomenon: what is the
length of the scope around the phenomenon where
something can be considered as marker, and which are
the kinds of markers searched. Here are the principles
we observed after viewing the corpus:

- We fixed the scope to 3 words before and

after the correction phenomenon itself; this
value results from empirical observations, as
well as from the fact that some three “words”
sequences form in fact the call signs; for more
details on that point, see (Dourmap & Truillet,
2003);
Three classes of markers were used: lexical,
accentual and finally spontaneous speech
phenomena. The two last ones results from
the oral nature of the corpus: we employ the
term “accentual” to designate the emphasis
put on a word by the means of a variation of
prosodic features (intensity for example).
Thus, when a speaker corrects a wrong
element within a call sign, it arrives that the
element being corrected is pronounced with a
particular accent. Let's take for example
“Lacan Amboise Poitiers it's the TAT Mike
India” (previously mentioned). The element
in italics, that corrects a wrong vaue
previously given, has been accentuated by the
speaker, The class of “spontaneous speech
phenomena’ puts together various phenomena
such as hesitations, repetitions (contrary to
(Shin et al., 2002), we didn't put them in a
specific category), or pauses. We call pause a
non-speech period during more than half a
second. We formulated the hypothesis that a
silence during such alength is revealing of an
enunciation problem such as the thought time
necessary to find the correct word to say.

Lexical Markers. Among the lexical markers, we made
the following classification, from what we observed:

- Deictic: word referencing to other word, such
as “it's’ (or “c’est” in French). The most
frequent configuration is the following: “it's
CS' (where CS is a cal sign; for instance:
“it's Alpha Mike Lima 753"). One should
note that this usage of deictics are also quite
frequently used in other contexts, especialy
by pilots to introduce themselves,

- Excuse: for example, “sorry”, “excuse me’,
etc,;

- Negation: any words used in order to negate
something, the most common one being “no”;

- Correction: the word “ correction”. Its usage is
explicitly asked by the phraseology for
marking the correction of an utterance. It is
also mentioned that the correction must be
followed by the element corrected. Due to its
status in phraseology, we put it in specific
category.

Results and Comments

We'll display our satistics according to the
classification presented above: firstly errors, then
correction and self-correction strategies, to conclude
with their markers.

Errors

On table 1, the reader will find the number of
occurrences and the percentage (calculated in
comparison with the total number of errors) of each
category.

Number Percentage
Attribute 132 51,36%
Command 93 36,19%
Utterance 11 4,28%
structure
Language 21 8,17%

Table 1: Number and percentage of errors categories

There's the same number of noticed errors that of
corrections. (see also table 2). Thisisnormal: any error
has to be corrected at a moment or another, the sooner
being the best. Most of the errors concern what we
called “attribute”, along with “commands’. It is not
surprising. Nearly al utterances contain at least one
reference to a call sign, a speed, etc. The same
reasoning can be applied to “commands’. However,
there is 1.5 times less erors committed on
“commands’ than on “attributes’. This can be
explained by the fact that “attributes’, especially call
signs and positions, are quite complex sequences of
numbers and letters. Furthermore, they are only used
in ATC context. Consequently, they certainly require
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handling an important cognitive load, thus leading to
more errors. The cognitive load is all the more high
since the apprentice controllers are in formation. This
also explains the lesser number of errors of command
utterances (nearly two times less occurrences than for
“attributes’) and of structure (more than six times less
occurrences than for “attributes”).

Corrections and Self-corrections

In table 3, we display the number of occurrences of
the different kinds of correction found in the corpus.
We also give their percentage in comparison with the
number of speech turns. This last result must be
tempered. Indeed, there are sometimes several
corrections occurrences for one speech turn. In spite
of this, it gives a good idea of the global proportion of
this phenomenon through the corpus.

Number | Percentag
e
Self-Correction 232 90,27%
Self-Correction of a 16 6,23%
previous utterance
Correction by 9 3,50%
interlocutor
Table 2: Number and percentage of corrections
strategies

It appears that the most frequent kind of correction is
the first one: the speaker corrects himself, during his
current utterance. We now compare this result with
those obtained a corpus of train reservations (Kurdi,
2003). The author count 241 self-corrections, on atotal
of 5300 speech turns’. In proportion to our corpus size,
that makes a lot more self-correction occurrences in
this corpus than in our. Lets examine this from a
psycholinguistic point of view. It is admitted by most
of authors (notably (Reason, 1990, p. 156 sg.) or
(Levelt, 1999)) that, in the end of the speech
production process, the locutor proceed to a “control”
of what he actually said, in comparison to what he
intended to say. In controllers production, this
“control” is obviously more efficient that for people
who does a “daily” task. Here again, we think that the
responsibilities that the controllers does have enhance
their attention to what they said.

Conclusions and Per spectives

We have studied a corpus of spontaneous speech
dialogues, consisting of interactions between air
controllersin formation and “ pseudo-pilots’.

We shown, first, that the transcription and
annotation of this kind of corpus is a very complex
task. Its realization depends on the exploitation

® (Kurdi, 2003, p. 74-75).

planned. Then, we detailed the methodology we
applied. We chose it in order to constitute a
structured data base in XML format.

In a second time, we sought to present the interest of
corpus based works to study different sides of the
ATC interactions. As a concrete illustration, we gave
the main results of a previous study on errors and
corrections in our corpus. It appears that the most
frequent kinds of errors concerns what we called
“attribute”’, such as callsigns. We linked this to the
fact that memorizing values need an important
cognitive load, especially for novice controllers.

More generally, we saw that phraseology plays an
important role for some of the errors that occur. For
example, it is the case when the cause is a deviation
regarding to the organization of the utterance.

In order to further explore this anaysis, we plan to
follow the two main ways we presented in this article.
On one hand, setting up an enhanced methodology of
transcription and annotation, sufficiently robust to be
implemented into an automatic or semi-automated
system, for example thanks to CACAO system
(Bousquet, 2002). On the other hand, continuing our
study on management of errors and their corrections.
We could do this by leading cognitive studies on the
notion of “attribute” and its cognitive load. A
comparison between the apprenticeship dialogs we
have with real ATC situations ones could also be
done. This would benefit to one of the goals of
VOICE projects, i.e. the implementation of
communicating agents that would help pseudo-pilots
and more generaly to al researches concerning
speech in ATC.
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LOW-AIRSPEED PROTECTION FOR SMALL TO MEDIUM-SIZED COMMERCIAL AIRPLANES:
AN IMPORTANT SAFETY GAP
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Washington, DC

Loren S. Groff
CharlesM. Pereira
National Transportation Safety Board, Office of Research and Engineering
Washington, DC

In November 2003, the National Transportation Safety Board recommended that the Federal Aviation
Administration (FAA) convene a panel of aircraft design, operations, and human factors specialists to examine the
feasibility of requiring the installation of low airspeed alerting devices on airplanes operating commercially under 14
C.F.R. Parts 121 and 135. The Board further recommended that if the panel determined such a requirement to be
feasible, the FAA should establish requirements for low-airspeed alert systems. This paper discusses the reasoning
behind these recommendations, explores relevant accident history from the Safety Board' s investigative records, and
discusses shortcomings of an approach to cockpit design that relies on flight crew monitoring and artificial stall
warnings for avoidance of low airspeed related accidents. Potential benefits and concerns associated with the

installation of a new kind of low airspeed alerting device are also addressed.

Introduction

On October 25, 2002, a Raytheon King Air A100 on
a non-scheduled Part 135 flight crashed 1.8 miles
short of the runway threshold during a VOR
approach to the Eveleth-Virginia Municipa Airport,
Eveleth, Minnesotaa. ~ Radar and weather data
indicated that the flight crew experienced difficulty
intercepting the approach course and performed a
steep, fast approach, which probably required them to
reduce engine power to very low levels. Asthe crew
descended, their airspeed dlowly and steadily
decreased until it fell below recommended approach
speed. Airspeed continued to decrease at a rate of
approximately 1 knot per second for the last 48
seconds of flight. As the airplane reached the
minimum  descent altitude in the landing
configuration, with its airspeed having decreased to
near the calculated stall speed, the airplane suddenly
rolled left, descended steeply, and impacted terrain.
All occupants were killed, including the late U.S.
Senator Paul Wellstone. The Safety Board found that
icing was not a factor, and determined that the
probable cause of this accident was “the flight crew’s
failure to maintain adequate airspeed, which led to an
aerodynamic stall from which they did not recover”
(Nationa Transportation Safety Board, 2003).

In its fina report on this accident, adopted on
November 18, 2003, the Safety Board urged the FAA

to convene a panel of aircraft design, aviation
operations, and aviation human factors specialists,
including representatives from the National Air and
Space Administration to determine whether a
requirement for the installation of low airspeed aert
systems in airplanes engaged in commercial
operations under 14 Code of Federal Regulations
Parts 121 and 135 would be feasible (NTSB
Recommendation No. A-03-53). The Board further
recommended that if the panel determined such a
requirement to be feasible, the FAA should establish
requirements for low-airspeed alert systems (NTSB
Recommendation No. A-03-54). This paper
discusses the reasoning behind the Safety Board's
recommendations, explores relevant accident history
from the Board's investigative records, and discusses
shortcomings of the current cockpit design
philosophy relying on flight crew monitoring and
artificial stall warnings to avoid low airspeed related
accidents. Potential benefits and concerns associated
with the installation of a new kind of low airspeed
alerting device are also addressed.

Background

Airspeed is a basic measure of airplane performance
monitored by flight crews. Angle of attack is the
angle between the chord line of an airplane’s wings
and the oncoming relative wind. All other things
held constant, when airspeed decreases, angle of

' The opinions expressed in this paper are those of the authors and do not necessarily reflect the official views and

opinions of the U.S. National Transportation Safety Board.
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attack must be increased to maintain lift. However, if
angle of attack is increased too much, critical angle
of attack can be exceeded, smooth airflow over the
wing will be disrupted, and an aerodynamic stall
results. A stall can occur at any airspeed, attitude, or
power setting, however, if airspeed is allowed to
decrease too much, a stall will reliably be produced.

Practicing aerodynamic stalls, and their recovery, isa
routine part of pilot training. However, inadvertent
stalls can be dangerous. This is especially true
during the takeoff, climb, approach, and landing
phases of flight. Inadvertent stalls are more likely
during these phases because operating airspeeds are
lower and stall speed margins are reduced. In
addition, lower altitudes make stall recovery less
certain. Flight crew airspeed monitoring is the first
line of defense against inadvertent stalls. To guard
against them, flight crews are trained to monitor
airspeed instruments and to maintain target airspeeds.

Stall warnings provide a second line of defense
against inadvertent stalls, serving as a backup to crew
monitoring.  Federal airworthiness standards (14
C.F.R. Parts 23 and 25) require the presence of a
clear and distinctive warning capable of aerting the
crew of an impending stall. This warning cannot
require the crew’s visual attention inside the cockpit,
and must begin 5 or more knots above stalling speed
for norma and commuter category airplanes. For
transport category airplanes, it must begin at least 5
knots or 5 percent above stalling speed (whichever
value is greater).? If the aerodynamic qualities of an
aircraft (e.g., buffeting) do not provide a clear and
distinctive warning meeting these requirements, an
artificial stall warning must be installed. Flight crews
are trained to begin stall recovery procedures if a stall
warning occurs during normal flight operations.

The widespread introduction of swept-wing jet
aircraft in commercial aviation in the 1960s brought
an increased emphasis on stall avoidance, because
stall recovery in such aircraft can be difficult or
impossible (Federal Aviation Administration, 2004).
Stick “pushers’ installed on such airplanes were
designed to lower the nose before critical angle of
attack was exceeded, and artificial stall warning
systems were required to be cdibrated to activate at
least five knots above stick pusher activation
thresholds. Additional stall protection measures were
developed in the late 20th century as manufacturers
of fly-by-wire transport category airplanes with

2 This requirement is reduced to 3 knots or 3 percent
above stall speed when flying straight and level at
idle power.

integrated autoflight systems developed flight
envelope protection systems to prevent airplanes
from exceeding high or low airspeed limitations. Full
authority envelope protection systems, such as those
installed on the Airbus A320, were made capable of
increasing engine power and even modulating the
effects of pilot control inputs to prevent exceedence
of the critical angle of attack (Vakil, 2000).

The Safety Gap

Despite advances in the state of the art in stall
avoidance and protection systems, many small to
medium-sized commercial turboprop and turbine
engine airplanesin use today still rely solely on flight
crew monitoring and artificial stall warnings to avoid
low airspeed-related accidents. This approach is
problematic for two reasons. First, flying involves
the time-sharing of multiple concurrent tasks, many
of which require flight crews to monitor multiple
displays. These tasks cannot always be performed
simultaneously. For this reason, successful flying
depends on effective prioritization and visua
scanning strategies (Wickens, 2003). The process by
which flight crews allocate their attentional resources
among concurrent flying tasks has been called
“cockpit task management” (Funk, 1991). Crews
must ensure that important flying tasks, such as
airspeed monitoring, receive adequate attention at
appropriate times and are not pre-empted by lower
priority tasks. Research has shown that pilots are
generally good at doing this. However, a variety of
evidence indicates that suboptimal cockpit task
management does sometimes occur and can have a
negative impact on safety (Wickens, 2003). Of
interest to the topic at hand, the authors of one early
study of flight crew performance in a full mission
flight simulation cited violations of airspeed
limitations (both high and low) as one of the most
common types of flying errors made by three-pilot
airline crews (Ruffel Smith, 1979).

A second problem with relying on pilot monitoring
and stall warnings for stall avoidance has to do with
characteristics of the stall warning itself. In theory,
stall warnings are designed so that flight crews can
prevent a stall by responding quickly to the
occurrence of a stall warning. Current airworthiness
requirements for transport category airplanes even
state that it must be possible for atest pilot to prevent
a stall during powered 1.5 G banked turns when stall
recovery is delayed for at least one second after the
onset of a stal warning. However, certain
combinations of power changes and abrupt
maneuvering (such as a level-off at MDA with or
without structural icing) could reduce this margin of

83



warning. Moreover, stall warnings can be unreliable
because of ice accumulation, which raises stall speed
and can degrade warning margins to the point where
little or no warning is provided. This phenomenon
was noted during the investigation of a 1997 accident
near Monroe, Michigan that caused the deaths of 29
people, and led the Safety Board to recommend that
the FAA apply more stringent certification
requirements to airplanes certified for operation in
icing conditions (National Transportation Safety
Board, 1998).

Low Airspeed / Stall Events

In light of known human monitoring weaknesses and
the potential inadequacy of artificia stall warnings, it
should come as no surprise that the Safety Board has
investigated numerous accidents and incidents
involving flight crew failure to monitor and maintain
airspeed. In some cases, loss of airspeed / stall
events have been preceded by aggravating factors
such as aircraft equipment or system failures that
made airspeed monitoring and maintenance more
difficult. Weather has aso been an important
contributing factor for low-airspeed related events.
Aerodynamic stalls have occurred following
encounters with wind, turbulence, and convective
phenomena such as wind shear or microburst.
However, structural icing may be the most common
contributing factor.

Events involving flight crew failures to monitor
airspeed can occur during any phase of flight, as the
following example attests. On June 4, 2002, a Spirit
Airlines McDonnell Douglas MD-82 on a scheduled
Part 121 flight from Denver, Colorado to Ft.
Lauderdale, Florida experienced an aerodynamic stall
while cruising at 33,000 feet on autopilot. Fifteen
minutes into the cruise phase of flight, the crew felt a
sudden vibration, heard the stick shaker and stall
warning activate, noticed that their airspeed was low
and their engines were operating at a very low power
setting.  They aso noticed that one engine's
temperature was too high. The captain took manual
control of the airplane and shut down the hot engine.
Shortly thereafter, power rolled back on the good
engine as well. The flight crew managed to restore
power to both engines at 17,000 feet, and made a
precautionary landing. The Safety Board found that
the airplane's engine inlet probes had become
blocked by ice crystals resulting in a false engine
pressure ratio indication and subsequent retarding of
the throttles by the auto throttle system. The Board
attributed the probable cause of this incident to the
flight crew’s failure to verify the engine instrument
indications and power plant controls while on

autopilot with the auto throttles engaged, and their
failure to recognize the drop in airspeed which led to
an aerodynamic stall associated with the reduction in
engine power (Safety Board No. CHIO2IA151).

The authors searched records contained in the Safety
Board's Aviation Accident/Incident Database,
looking specifically for low-airspeed events in the
approach and landing phases of flight where
equipment failure was not cited as a contributing
factor. This search identified 40 low airspeed-related
events since 1982. It islikely that additional cases of
hard landings and tail strikes have occurred but gone
unreported because they did not result in substantial
damage. The events identified were categorized by
type of operation (Part 121 versus Part 135) and by
involvement of structural icing (icing versus non-
icing). The results of this categorization are shown in
Figure 1. This categorization indicates that low-
airspeed events during approach and landing
occurred more often during Part 135 than Part 121
flight operations. The results also underscore the
prevalence of structural icing in such events.
However, that at least 19 of the low-airspeed related
accidents and incidents identified did not involve
icing or equipment failure.
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Figure 1. Accidents and incidents during approach
or landing citing low airspeed, 1982-2004.

Most of the low-airspeed related non-icing events
involving Part 121 flight operations resulted in hard
landings and/or tail strikes causing substantial aircraft
damage, and none resulted in serious injuries.
During one typica incident, reported in 1996, the
Part 121 airline captain of a McDonnell-Douglas
MD-88 said he flew a normal, stabilized approach,
using normal flaps and a landing reference speed of
133 knots plus 5 knots. He reported flaring the
airplane over the runway and realizing that the sink
rate was not being arrested as desired. The captain
said he made a more “aggressive” pull on the control
yoke while advancing the thrust levers. The airplane
landed hard, sustaining substantial damage. Digital
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flight data recorder readout disclosed that airspeed
remained above 138 knots until, at an absolute
atitude of 238 feet, arspeed began steadily
decreasing below that speed. When the airplane
touched down on the runway, airspeed was 125 knots
and pitch attitude was 10.6 degrees nose up. There
was a +55 G vertical acceleration spike at
touchdown (Safety Board No. FTW96LA111).

By contrast, low-airspeed related non-icing events
involving Part 135 flight operations resulted in more
severe outcomes. Records of the investigations of
these events indicate that fatal injuries occurred in
approximately 1 out of every 4 cases. Part 135 flight
operations typically utilize smaller aircraft with less
sophisticated autoflight systems. They are less likely
to be equipped with auto throttles or sophisticated
envelope protection systems. Also, Part 135 flight
crews are often less experienced than Part 121 flight
crews, and Part 135 flight operations have less
stringent flight crew training requirements. These
factors could explain the higher prevalence of such
events in Part 135 flight operations, and the relative
severity of their outcomes.

The Safety Board investigated an accident in 1994,
involving a Jetstream 41 on a scheduled Part 135
commuter flight, which crashed 1.2 nautical miles
short of the runway during an ILS approach to the
Port Columbus International Airport, Columbus
Ohio, killing 5 and injuring 2 on board. The flight
crew initiated the landing checklist late in the
approach. The delay caused distractions to both
pilots, and the approach was unstabilized. The
autopilot was engaged during the approach, and it
kept the airplane on the localizer and glide slope.
However, power was set too low to maintain
airspeed. This airplane was not equipped with
autothrottles. The flight crew did not adequately
monitor airspeed indications, and the airplane
decelerated until it stalled. Although a stall warning
was heard, the captain failed to execute appropriate
stall recovery procedures, and the airplane descended
steeply, impacting a building. lcing was found not to
have been a factor in the accident. The Board found
the probable cause of this accident to be, in part, “an
aerodynamic stall that occurred when the flight crew
allowed the airspeed to decay to stall speed following
a very poorly planned and executed approach
characterized by an absence of procedural discipline”
(National Transportation Safety Board, 1994).

A Changein Design Philosophy

The introduction of a new kind of low-airspeed alert
associated with the minimum  operationally

acceptable speed for a particular phase of flight could
help flight crews maintain airspeed awareness in
much the same way that atitude alert systems now
help flight crews maintain altitude awareness. Such a
system would provide an earlier cue to flight crews
about low and decreasing airspeed prior to the
occurrence of a stall warning, providing them with
more time to manage a potential problem before it
becomes an emergency.

Recommending a requirement for this kind of low-
airspeed alert system represents a departure from the
previously accepted premise that adequate low-
airspeed awareness is provided by flight crew
vigilance and existing stall warnings. However, the
history of accidents involving flight crew lack of
low-airspeed awareness suggests that flight crew
vigilance and existing stall warnings are inadequate
to prevent hazardous low-airspeed situations.
Moreover, the accident record suggests that this
safety issue is not limited to autopilot operations or
flight in icing conditions.

The introduction of a low airspeed alerting system
could prevent low airspeed / stall related accidents.
If alow-airspeed alert had been installed on the King
Air involved in the Eveleth accident and had
activated when airspeed dropped below 1.2 Vs (about
92 knots), the flight crew could have received about
15 seconds advance warning before the airplane
decelerated to its stalling speed. This might have
directed the crew’'s attention to the airplane's
decaying airspeed in time to initiate appropriate
corrective action. Moreover, if such a system could
helped the crew maintain airspeed at or above a
minimum operational thresholds such as 1.2 Vs, the
likelihood of an accelerated stall initiated by abrupt
last-second maneuvering could have been reduced,
and improved margins above stalling speed during
flight under icing conditions could have been more
reliably maintained.

The nature of the airspeed monitoring task varies
depending on the level of automation in an airplane
cockpit. During a manually flown, a pilot is actively
engaged in balancing airspeed, pitch, power, and
vertical speed in closed-loop fashion. This requires
frequent checking of the outside visual picture and
the flight instruments to guide control movements.
Alternatively, a pilot using the fully integrated
autoflight system in a modern transport airplane
monitors flight parameters, including airspeed, in a
more supervisory fashion. The issue of airspeed
awareness for crews using highly automated flight
management systems was raised in an FAA Human
Factors Team  Report (Federal  Aviation
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Administration, 1996). Expressing concern about a
history of accidents involving lack of low-airspeed
awareness among flight crews monitoring automated
systems, the report stated:

Transport category airplanes are required to
have adequate warnings of an impending stall,
but at this point the airplane may aready bein
a potentially hazardous low energy state.
Better awareness is needed of energy state
trends such that flight crews are alerted prior
to reaching a potentially hazardous low energy
State.

The need for better low airspeed protection and
alerting was aso cited by the FAA’s Flight Guidance
System (FGS) Harmonization Working Group of the
Aviation Rulemaking Advisory Committee, when, in
March 2002, it proposed revisions to 14 C.F.R. Part
25.1329 and associated Advisory Circular 25.1329 to
require low-airspeed protection and alerting during
autopilot operations for newly certified transport-
category airplanes. The proposal stated:

The requirement for speed protection is based
on the premise that reliance on flight crew
attentiveness to airspeed indications, aone,
during FGS...operation is not adequate to
avoid unacceptable speed excursions outside
the speed range of the normal flight
envelope....Standard stall warning and high
speed alerts are not always timely enough for
the flight crew to intervene to prevent
unacceptable speed excursions during FGS
operation....A low speed aert and a transition
to the speed protection mode at approximately
12 Vs, or an equivalent speed defined in
terms of Vg, for the landing flap configuration
has been found to be acceptable.

The changes proposed for Part 25.1329 were aimed at
future transport category aircraft. However, it may
be feasible to develop low airspeed aert systems for
less sophisticated, existing airplanes as well.
Moreover, the FAA's work, in combination with the
Safety Board's accident and incident findings,
suggest a need for low airspeed alerting throughout a
variety of aircraft with arange of automated features.
A low airspeed aert was recently developed for
Embraer EMB-120 turboprop airplanes for use in
icing conditions. This low airspeed alert system
activates an amber-colored indicator light installed in
the control panel and provides an auditory alert when
airspeed drops below the minimum operational icing
speed. In addition, several avionics manufacturers
offer low airspeed alerting devices for use in a broad

array of genera aviation airplanes. These
developments suggest that it may be feasible to
develop low airspeed alerting systems for most
airplane types.

In aletter to the Safety Board dated April 12, 2004,
the FAA said it would study cases involving low
airspeed awareness that had been identified by the
Safety Board and determine what action should be
taken. The FAA described existing regquirements for
stick shakers and stall warnings in transport category
airplanes, and cited the increasing prevalence of
color-coded visual displays of arspeed found in
many modern cockpits. The FAA aso stated that it
would consider addressing the issue of low airspeed
awareness in efforts in progress under its Safer Skies
programs and other initiatives. However, as of
February 2005, the FAA had not yet announced
activities specifically aimed at addressing this issue.

Human Factors Concerns

Technical, operational, and human factors issues
must be carefully evaluated and addressed in
connection with the design and implementation of
any new cockpit alerting system (Pritchett, 2001).
Some issues that deserve consideration in association
with the possible introduction of new low airspeed
aerting systems include: the integration of this
system with other aircraft systems; the determination
of appropriate threshold speeds for alert activation;
examination of the impact of the system’s reliability
on flight crew confidence in the system; the selection
of appropriate strategies for differentiating the alert
from existing cockpit alerts and warnings, the
development of appropriate flight crew procedures
for use in conjunction with the system; and the need
for flight crew training in use of the system and
related procedures.

Clearly there are many concerns associated with the
possible introduction of these systems in commercial
airplanes. Despite these concerns, it is possible such
systems could significantly improve flight crew
performance and increase safety. This is a matter the
aviation psychology community is well suited to
address. Moreover, the aviation psychology research
community has a long history of suggesting and
evaluating dternative design solutions for new
aircraft systems through applied research.
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NTSB Case Numbers for Low Airspeed / Stall
Related Events During Approach and Landing®

Part 135 Icing Related
SEA82DA017
MKC89LAO73
MKC85LA028
MKCB84FA033
LAX02LA030
LAX02FA108
DEN90FA068
DENS83LA029
DENO4MAO015
DENO1FA094
DCA97MAO017
DCA90MAO11
CHI9BLA084
CHI98BFA119
CHI95LA053
CHI86LA090
CHI85FA139
ANCB89LAO025
ANCO2FA020

Part 135 Non Icing Related
MIA89LA193
DEN99FA 137
DEN87FA042
DCA94MA027
DCAO3MAO008
CHI99LAO78
CHIO1LA109
ANC94LA031
ANC94LA021
ANC91LA015
ANCS89LAQ039
ANCO1LAO053

Part 121 Icing Related
DCAS871A015
CHI90IA106

Part 121 Non Icing Related
NY C02LA013

LAX90FA 148
LAXO00LA192
FTW96LA111
BFO851A036
ATL93IA135
ATLO1A064

3 Information on these cases can be found at
http://www.ntsb.gov/ntsb/query.asp.
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ATCSAGE AND EN ROUTE OPERATIONAL ERRORS: A RE-INVESTIGATION

Dana Broach
FAA Civil Aerospace Medical Institute (AAM-520)
P.O. Box 25082, Oklahoma City, OK 73125

Public Law 92-297 requires that air traffic control specialists (ATCSs), hired on or after May 16, 1972, retire at age
56. This law is based on testimony given in 1971 that as controllers aged, the cumulative effects of stress, fatigue
(from shift work), and age-related cognitive changes created a safety risk (U.S. House of Representatives, 1971).
The hypothesis has been considered in two studies of en route operational errors (OEs) with contradictory results
(Center for Naval Analyses Corporation (CNAC), 1995; Broach, 1999). The purpose of this re-investigation was to
test the hypothesis that controller age, controlling for experience, was related to the occurrence of OEs using a
statistical method appropriate for rare events. A total of 3,054 usable en route OE records were extracted from the
FAA OE database for the period FY1997 through FY2003 and matched with air route traffic control center
(ARTCC) non-supervisory controller staffing records, resulting in a database of 51,898 records. Poisson regression
was used to model OE count as a function of the explanatory variables age and experience using the SPSS® version
11.5 General Loglinear (GENLOG) procedure. The Poisson regression model fit the data poorly (Likelihood Ratio
¥2 = 283.81, p < .001). The odds of OE involvement, estimated with the Generalized Log Odds Ratio, for older
controllers (GE age 56) were 1.02 times greater than the odds for younger (LE age 55) controllers, with a 95%
confidence interval of 0.42 to 1.64. The range of odds indicated that neither age group was less or more likely to be
involved in an OE, controlling for experience. This analysis does not support the hypothesis that older en route
controllers are at greater risk of involvement in an OE. This finding suggests that the original rationale for the
mandatory retirement of ATCSs may need to be re-evaluated. Additional research is recommended.

Public Law 92-297 requires that Air Traffic Control
Specialists (ATCSs), hired on or after May 16, 1972
by the FAA, retire at age 56'. Controllers with
“exceptional skills and abilities” may be given a
waiver and continue working until reaching the 61%
birthday. The primary evidence offered in support of
the mandatory retirement of ATCSs at age 56 in 1971
consisted of anecdotal reports of stress from
controllers, studies of self-reported “stress-related”
symptoms, physiological correlates of stress, and
medical disability retirements of controllers. Despite
strong assertions made by various parties, no
testimony or data were presented in 1971 to
demonstrate that older controllers were more likely
than younger controllers to make errors that might
compromise the safety of flight.

Several studies of ATCS age and performance have
been conducted since passage of P.L. 92-297 (see
Broach & Schroeder, in press, for a review). A
variety of measures of job performance have been
examined in research, ranging from over-the-
shoulder subjective evaluations to computer-based
measures. Three studies focused specifically on
operational errors (OEs). An OE results when an
ATCS fails to maintain appropriate separation
between aircraft, terrain, and other obstacles to safe
flight. OEs are rare compared to the number of
operations handled in the U.S. air traffic system. For
example, there were 1,145 OEs in fiscal year (FY)
2000 compared to 166,669,557 operations, or 6.8
OEs per million operations (Pounds & Ferrante,

2003; DOT Inspector General, 2003a). Despite their
rarity, OEs may pose safety risks, depending on the
degree to which separation is lost, and are critical
safety indicators for the operation of the air traffic
control system (Department of Transportation
Inspector General, 2003a,b). OEs occur when
through a controller’s actions (or inaction), less than
standard separation is maintained.

Spahn (1977) investigated the relationship of age to
System Errors (now called Operational Errors) and
concluded that “no age group has neither more nor
less than its proportional share of system errors” (p.
3-35). The Center for Naval Analyses Corporation
(CNAC) found in 1995 that the likelihood of an OE
in the period January 1991 to July 1995 declined
dramatically in the first few years at an air route
traffic control center (ARTCC) and then appeared to
approach a constant value. However, CNAC did not
examine controller age nor control for age effects.
Broach (1999) re-analyzed the CNAC data set from
the perspective of controller age and found that the
likelihood of an OE might increase with age. The
regression analysis also found that experience might
mitigate the risk of an OE associated with increasing
age. Additional research on the relationship of
chronological age, experience, and OEs was
recommended. The present study builds on that
recommendation. This study was designed to test the
hypothesis that older controllers were more likely
than younger controllers to commit errors that
reduced the safety of flight.
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M ethod
Source Data

A total of 3,054 usable en route OE records were
extracted from the FAA Operational Error/Deviation
System (OEDS) for the period FY1997 through
FY2003. Records for controllers employed at
ARTCCs were extracted from the FAA Consolidated
Personnel Management Information System (CPMIS)
for each fiscal year. There was one CPMIS record in
a year for each controller. The OE and CPMIS
records were matched by controller identifier and
year, producing a database with 51,898 matched
records. The number of ATCS with and without OEs
is presented by fiscal year in Table 1. For example, of
the 7,178 non-supervisory ATCS stationed at
ARTCCs in FY1997, 6,864 (95.6%) had no
operational errors, while 303 controllers (4.2%) had
one OE, and 11 had 2 errors (0.2%). No ATCS had 3
errors in that fiscal year.

Methodological Considerations

Both CNAC (1995) and Broach (1999) calculated the
dependent variable of interest as the ratio of
controllers with errors in an experience or age range
to the total number of controllers in that experience
or age range. CNAC labeled this ratio as the
“likelihood” of involvement in an error. In fact, both
CNAC and Broach calculated the proportion of
controllers in a given category that were involved in
an error at a given point in time, that is, the
prevalence rate. The result is a person-based estimate
of risk. However, a person-based estimate of risk
does not take into account the varying degrees of
exposure between controllers. For example, a
controller working a busy, low-altitude transitional
sector with multiple merging airways that feed a
major hub during an afternoon rush will have a
greater opportunity to commit an OE than another
controller working a high-altitude sector with sparse
cross-continental traffic in steady, predictable
east/west flows. Time on position may vary as well.
For example, a controller working longer on a given
position will have greater opportunity to commit an
OE than another controller working less time on a
position. As noted by Della Rocco, Cruz, and
Clemens (1999), a measure of exposure is required to
analyze the risk of being involved in an OE
appropriately. However, such measures were
unavailable for the present study, leaving the count of
errors and prevalence as the variables of interest.

Analysis of counts, such as the number of OEs
committed by a controller during a specified period

of time, poses analytic challenges. Events such as
OEs are rare, compared to the number of operations
in the air traffic control system, the number of hours
worked by controllers, or even the number of
controllers working. While rare events such as OEs
are important because of their signal value and
potential costs, they are also difficult to study (Hulin
& Rousseau, 1980). Techniques borrowed from
epidemiology such as count-oriented regression have
proven useful in the analysis of rare events. Poisson
regression, a count-oriented regression technique,
was used in the present study to investigate the
degree to which the number of errors is related to
controller age.

Poisson Regression

Poisson regression is a statistical technique used to
model the expected count of some event as a function
of one or more explanatory variables. Examples of
events that follow a Poisson distribution are doctor
visits, absenteeism in the workplace, mortgage pre-
payments and loan defaults, bank failures, insurance
claims, and airplane accidents (Cameron & Trivedi,
p. 11). In statistics, the “law of rare events” states that
the total number of events of interest will take,
approximately, the Poisson distribution if (a) the
event may occur in any of a large number of trials,
but (b) the probability of occurrence in any given trial
is small (Cameron & Trivedi, 1998). This statistical
“law of rare events” might apply to air traffic control
operations as well: there are a large number of
aircraft under the control of a relatively large number
of controllers at any given moment, but the likelihood
of an OE for any given aircraft by any single
controller is very small. In this application, the
analytic goal was to model the number of OEs
incurred by a controller as a function of age and
experience (e.g., tenure in the FAA).

Procedure

The data for this analysis consisted of the 51,899
records for non-supervisory center controllers with
and without OEs for the period FY1997 through
FY2003 (see Table 1). Tenure was recoded into
discrete categories to simplify the analysis. The first
category for tenure was based on the average of about
three years required to complete on-the-job training
for center controllers (Manning, 1998). The next
interval was 6-years wide (4 through 9), followed
five-year increments (Table 2). Age was recoded into
two groups: age 55 and younger; and age 56 and
older. This split was used to specifically assess the
risk that might be associated with controllers older
than the mandatory separation age.
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Table 1: N non-supervisory en route ATCS on-board with 0, 1, 2, or 3 operational errors by fiscal year

N ATCS with Operational Errors (OEs)

Fiscal Year 0 1 2 3 AOB Total
1997 6,864 303 11 0 7,178
1998 6,932 389 16 0 7,337
1999 6,869 422 21 0 7,312
2000 6,833 487 31 0 7,351
2001 6,827 549 45 1 7,422
2002 7,110 416 32 0 7,558
2003 7,410 313 17 1 7,741
Table 2: Tenure by age cross-classification table for Poisson regression analysis
Number of OEs (n;) ATCS Population (N;)
Tenure Group LE Age 55 GE Age 56 LE Age 55 GE Age 56
LE 3 Years 44 4 3,587 110
4 —9 Years 488 10 7,574 191
10 — 14 Years 1,112 20 15,758 280
15—-19 Years 1,007 2 14,816 128
20 — 24 Years 343 2 5,615 67
GE 25 Years 142 57 2,587 1,186

The data were aggregated by fiscal year, age group,
and tenure group to create a cross-classification table
suitable for Poisson regression, as shown in Table 2.
The columns labeled “Number of OEs (n;)” contain
the counts of OEs reported for each age and tenure
group combination. For example, there were 44 OEs
in the period FY1997 to FY2003 for controllers age
55 or less and with 3 years or less tenure, and 4 OEs
for controllers age 56 or older and with 3 years or
less tenure. The columns labels “ATCS Population
(N;)” contain data representing the number of
controllers “exposed” to the risk of incurring an OE
during the observation period for each age-tenure
combination. For example, there were 3,587 records
for en route controllers age 55 or less with 3 years or
less tenure who were “at risk” of incurring an OE
during the observation period. The goal of the
regression analysis is to assess the relative effects of
age and tenure on the ratios of errors to “at risk”
population. The SPSS® version 11.5 General
Loglinear (GENLOG; SPSS, 1999) method was used
to conduct the Poisson regression analysis

Results
Descriptive Statistics
The initial analyses consisted of simple descriptive

statistics. First, the number of OEs per age group for
the observation period (FY1997 through 2003) was

examined, as shown in Table 2. In this analysis, each
controller could have as many as seven records, one
for each fiscal year. The records were pooled and
then broken out by the number of OEs reported for
that age group across the 7 years of observation. As
shown in Tables 2, most controllers were not
involved in an operational error during the 7-year
period. Moreover, the error distribution appears to be
similar to the distribution of age, that is, more errors
are observed for the more populous age groups. The
distribution of controllers with no and one or more
OEs by age group is illustrated in Figure 1, relative to
the age distribution for all non-supervisory enroute
controllers. As found by Spahn in 1977, the
distribution of errors by age was very similar to the
distribution of age across controllers. No particular
age group appeared to experience OEs at a rate
disproportionate to their representation in the
workforce.

Poisson Regression

Overall, the Poisson regression model fit the data
poorly (Likelihood Ratio 42 = 283.81, p <.001). The
parameter estimate for the main effect of age (3.50)
was significantly different from 0 (with a 95%
confidence interval of 3.29 — 3.70), as were the
parameter estimates for tenure. To consider the effect
of age across tenure, the two age groups were
contrasted. The Generalized Log-Odds Ratio was
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Figure 1. OE Involvement by age group compared to distribution of age for all ARTCC controllers, FY1997-2003

used to estimate the odds ratio for age, that is, the odds
of OE involvement for older (GE age 56) controllers
(see SPSS, 1999, p. 202 — 203). The odds of OE
involvement for older controllers (GE age 56) were
1.02 times greater than the odds for younger (LE age
55) controllers, with a 95% confidence interval of 0.42
to 1.64. A confidence interval for the odds ratio that
includes 1.0 indicates that the odds of involvement for
the two groups are equal: neither age group was less or
more likely to be involved in an OE.

Discussion

The Poisson regression analysis did not support the
hypothesis that the likelihood of involvement in an en
route OE increased with age. This finding
undermines the explicit assertion that early retirement
of controllers was “primarily a safety measure”
(Testimony of Donald Francke, U.S. House of
Representatives, 1971). As noted by Li, Baker,
Grabowski, Qiang, McCarthy and Rebok (2003), age
in and of itself may have little bearing on safety-
related outcomes if factors such as individual job
experience, workload, traffic complexity, and time-
on-position are taken into consideration (p. 878). For
example, supervisors may assign older controllers to
less difficult sectors or provide assign an assistant
controller during periods of heavy traffic. All other
things being equal, age may influence performance
through two conflicting pathways. On the one hand,
the inevitable changes in cognitive function,

particularly speed of processing, may result in slower
and less efficient performance. On the other hand,
experience is gained with age, and compensatory
strategies and meta-strategies may result in safer and
more efficient performance by controllers. Additional
research on OEs, age, and ATCS performance is
recommended to extend and confirm the findings of
the present study.
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ANALYZING THE PHYSICAL AND VESTIBULAR EFFECTSOF VARYING LEVELSOF IMMERSIVE
DISPLAYSFOR CONTROLLING UNMANNED AERIAL VEHICLESFROM AN AIRCRAFT PLATFORM

John Bruyere, Justin Gripp, Christopher Nagy, and Terence Andre
USAF Academy
Colorado Springs, Colorado

This study attempted to further the base of knowledge concerning effects on watching video taken from an
Unmanned Aerial Vehicle (UAV). Sixteen participants from the U.S. Air Force Academy were involved in
watching UAV video under 2 conditions of motion (with and without) and 2 conditions of video presentation (laptop
computer screen and a head-mounted display). Each video was about 5 minutes long and following each condition
the subject filled out a questionnaire which judged their sickness level based on many different factors. Our results
did not show any significant difference in sickness levels between the 4 conditions, and further research will have to
be performed to fully investigate the effects of watching UAV camera video in an immersive environment.

Introduction

The military has significantly increased its focus on
Unmanned Aerial Vehicles (UAVs) in recent years
and as this focus and need increases, increased
applications of UAVs will continue to arise. While
most UAVs have been controlled from a ground
station so far, the near future will likely present the
need to control UAVs from mobile systems on the
ground and military aircraft deployed to an area of
interest.  Controlling UAVs from other airborne
vehicles presents some unique challenges. In
particular, operators will have to deal with the
potential of sensory conflict between the display from
the UAV workstation and the sensory input from the
motion of the aircraft. In anticipation of this future
need, understanding the unique demands that this will
place on the operator(s) of the UAV is crucial.
Furthermore, determining which type of display
mode will be important when trying to control UAVs
from airborne platforms. Consideration should be
given to portable 3-D immersive displays (e.g., Head-
Mounted Display, HMD) as well as a 2-D laptop
computer screen (LCS) in presenting UAV
information.

Directly applicable research in this new and focused
area is scarce, but there has been a fair amount of
research on the slightly broader areas of motion
sickness and effects of virtual reality environments.
The main theory behind the origins of motion
sickness in different environments is the sensory-
conflict theory (Yardley, 1992). “Sensory-conflict
theory proposes that symptoms occur as a result of
conflict between signals received by the three major
spatial senses: the visual system, the vestibular
system, and nonvestibular proprioception” (Cobb,
Nichols, Ramsey, & Wilson, 1999, p. 170). In their
study, Cobb et al. (1999) analyzed nine different
experiments examining after-effects from different

virtual reality (VR) systems, virtual environment
(VE) designs, and task requirements, resulting in a
total sample pool of 148 participants. A variety of
measures, from surveys to physiological indicators,
were used to measure different effects, sickness being
the item we are most interested in (Cobb et al., 1999).
Their results from the self-report data indicated that
symptoms of sickness usually occurred within 15
minutes of being immersed. They also found that
symptom levels were highest on the first immersion
trial and negligible on the third, leading to the
conclusion that the participants habituated to the
environment after two trials. This information would
be helpful in designing our experiment.

As any person experienced with flight simulators
knows, UAV pilots today and those of the future will
likely have to deal with the phenomenon of vection.
Vection “refers to the powerful illusory sensation of
self-motion induced in viewing optical flow patterns”
(Hettinger, Berbaum, Kennedy, Dunlap, & Margaret,
1990, p. 172). Hettinger et al. (1990) performed a
study in which subjects sat and watched a 15-minute
flight simulation video which included turns, banks,
and altitude changes. The subjects had to watch the
display and indicate how much vection was
experienced. The researchers hypothesized that those
who had more experiences of vection would be more
likely to experience sickness. Hettinger et al. (1990)
found that those who experienced vection got sick a
significantly higher percentage of the time than did
those with very limited or no experiences of vection,
showing that symptoms of motion sickness can arise
by just viewing a screen, screens that usually involve
a large field-of-view, even when there is no physical
movement. This finding is very relevant to our
condition using the HMD because it will likely have
a large field-of-view while the individual is tracking
an object, compared to our LCS condition, helping us
to determine which viewing method is best.
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Hettinger et al. (1990) also explained that very few
subjects reported symptoms following the initial 15-
minute display because motion sickness is a
cumulative phenomenon. An important research
question in our study is whether a small change in
presentation mode (LCS vs. HMD) can impact the
feeling of sickness in just a short amount of time.

Studying more about the effects of virtual
environments (VE), Stanney, Kingdon, Graeber, and
Kennedy (2002) performed a study in which
individuals were exposed to a 3-D VE and required to
perform certain tasks, such as locomotion,
manipulation, turning, etc. The researchers found
that the more movement control VE users had, the
more presence they would experience, although
complete control would make them sicker (Stanney,
et al., 2002). These results indicate that there is
something of a tradeoff between full movement
control in an environment, leading to a higher sense
of presence along with a greater level of sickness,
and less control, correlated with less sickness. This
could be important for how much immersion and
how much control (versus possibly more automation)
is presented to pilots controlling UAVs.

Another study that is directly applicable to our
experiment was performed by Kennedy, Lane,
Berbaum, and Lilienthal (1993) which consisted of
creating a new survey from which to judge simulator
sickness (SS). The Simulator Sickness Questionnaire
(SSQ) was developed to replace the Pensacola
Motion Sickness Questionnaire (MSQ) which was
not created for SS and thus less applicable to the
special circumstances of SS. The SSQ was derived
partly from the MSQ using a series of factor analyses
to come up with the appropriate format and
substance. Our study used a modification of the SSQ
in order to compare the levels of sickness
experienced by our subjects.

In our experiment, we introduced two independent
variables (IVs) with two conditions each. The first
IV is whether the students viewed camera video with
an immersive HMD or with a non-immersive LCS.
The second IV is whether the subject experienced
motion in the chair they were sitting in during the
trial. Motion is defined as random turns, from 90
degrees to 180 degrees, that the subject experienced.
This motion is meant to simulate the motion that
might be felt onboard an aircraft, though it is severely
limited in that it can only move in two degrees of
motion and cannot simulate turbulence. The
dependent variable (DV) is simply what level of
sickness they feel, defined by their results from the
SSQ.

Our null hypothesis is that there will be no significant
difference between the HMD and LCS conditions on
the level of reported nausea in the participants. Our
alternative hypothesis is that the HMD environment
will increase the feeling of motion sickness, and that
when coupled with movement, the increase will be
even greater. We feel that when fully immersed, an
individual will feel more sickness than when not
immersed, and that those feelings will be intensified
with even slight motion.

Method
Participants

For our study, we utilized 16 male and female cadets
enrolled in an introductory psychology class at the
United States Air Force Academy. These cadets
consisted of both freshman and sophomore cadets
who voluntarily signed up and received extra credit
from their teachers for participating.

Apparatus

In order to expose the participants to a UAV
environment, we used a fully immersive HMD virtual
reality system to recreate the pilot’s view. The HMD
was a Virtual Research V8 with 800x600 resolution.
To recreate the view from a flat screen display to
compare against the HMD, we used an IBM
ThinkPad Laptop computer for the non-immersive
Laptop Computer Screen (LCS). A Dell 3.2 GHz,
Pentium 4 processor desktop computer was used to
display the video for the HMD. For the video, we
used UAYV flight video flown over recognizable areas
of the United States Air Force Academy which lasted
4 minutes and 40 seconds in length. To simulate the
movements for the participants, we used a non-
motorized Barany Chair. A modified SSQ was given
to each participant in-between each condition. A
picture of the setup can be seen in Figure 1.

Figure 1. Experiment setup of HMD condition.
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Procedure

Upon arriving to the testing room, the participants
read and completed the consent form. After they
were told that they may withdraw at anytime, we
explained the procedures and began the experiment.
Participants watched the UAV camera video in 4
different conditions. Those conditions were the
HMD with motion, the HMD with no motion, the
LCS with motion, and the LCS with no motion. Our
experimental design includes a balanced within-
subjects design in which each participant watched the
video under all four conditions. The design is
balanced so that each possible order of the four
conditions is performed in order that learning effects
do not affect the outcome of the data. For the
movement conditions, the participant began with the
chair facing south. The participants were exposed to
lateral turns in the Barany chair at exact times and
rotation degree values predetermined by the
researchers as shown in Table 1.

Table 1. Timesand directions for chair movements
during experiment.

Time | Direction | Degrees
0:15 L 90
0:45 R 90
1:00 R 90
1:20 L 180
1:25 R 180
2:00 L 90
2:10 R 90
2:40 L 180
3:00 R 180
3:10 L 90
3:15 L 90
3:45 R 180
4:00 L 180
4:10 R 90
4:30 L 90
4:35 R 90

For the “no movement” conditions, the participants
sat in the Barany chair during the video presentation.
For the “movement” conditions, the participants wore
the HMD; during the LCS conditions, participants
held the laptop in their lap for the duration of the
video. For all conditions, the lights were turned off
in the room in order to prevent any distractions and to
simulate a dark aircraft cabin. All the participants
were given tasks to complete during the video under
all conditions. They were told to count and keep a

running total in their heads of any moving vehicles
they saw, count and keep a running total in their
heads of any street intersections, and provide heading
information (North, South, East, or West) pertaining
to the UAV flight path. After each condition, the
participant completed a modified version of the SSQ
and was given 1 minute to walk around and rest
before the next condition began. The modified SSQ
we used did not include 3 components that did not
apply to our very basic simulator experience or might
be confusing based on our pilot study (i.e., stomach
awareness, burping, and fullness of head). We
replaced two of these terms with more general items
(dizziness and sickness feeling) hoping to make the
questionnaire slightly more sensitive to the very
slight differences that might exist between our
conditions.

Results

The data generated by the SSQ was entered into
SPSS v 11.0 and analyzed. The data from each
condition was matched with each participant based
upon the order in which the participants signed up to
participate in the study. Throughout the analysis the
alpha was selected as o = .05.

Participant scores for each item of the SSQ were
summed according to a weighted scale subscribed by
the SSQ as illustrated in Table 2. Simulator sickness
has three subcomponents which make the whole
construct (nausea, oculomotor, and disorientation).
Certain items such as difficulty focusing and nausea
counted towards two of the three subcomponents.
Other items, like fatigue, counted toward just one
subcomponent. No item counted towards all three.
We made an assumption that the new items we
replaced on the SSQ (dizziness and sickness feeling)
counted in a single category as did the original items.
We multiplied any item answer that counted towards
two subcomponents by a factor of two to weight it
properly and any answer that counted toward just one
subcomponent was multiplied by 1. We then
summed all of the scores for each condition in order
to obtain a total sickness score for each participant in
all four conditions.

Table 2. Weighting scale showing example of
weights for two symptoms.

Weight
SSQ Oculo-
Symptom | Nausea | motor | Disorientation
Fatigue 0 1 0
Nausea 1 0 1
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We analyzed our data using a repeated measures
analysis of variance. Table 3 shows the mean and
standard deviations for each of the four conditions.
For the display presentation type, we found no
significant results, F(1,15) = 3.615, p = 0.077. For
motion we again found no significant results, F(1,15)
= 1.90, p = 0.188. There was also no interaction
between display type and motion, F(1,15) = 2.241, p
= 0.155. Figure 2 shows a graph of the changes in
sickness means for both of our conditions (motion
and display).

Table 3. Mean and standard deviation SSQ scores
for all four conditions.

Display Type
HMD LCS
Motion Type Mean (SD) Mean (SD)
Motion 7.125 (6.20) 3.4375 (3.65)
No Motion 4.8750 (4.60) 3.3750 (3.42)
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Figure 2. A graph showing the marginal means for
all four conditions.

Discussion

The mean values for the HMD conditions showed a
slight increase in the level of sickness reported,
although the difference was not statistically
significant using an alpha = .05. There are many
probable reasons for why we were unable to show
any significant results. The first and most salient
reason is the number of participants. Under optimal
conditions, we would need approximately 30
participants in each cell to show reliable results. In
our case we were limited to 16 based on class time
constraints and scope of project. Perhaps with a
larger participant pool we would be able to show the
results we had expected. A second mitigating factor
was our inability to utilize motion on any axis outside
of the z-axis. In a real life condition, a UAV pilot
operating from an AWACS would be subject to

motion on all three axes, not just one. Another real-
life condition we did not have the means to replicate
was the flying of a UAV. We subjected our
participants to videos of UAV flight, but this
condition could not fully represent the attention that
would be given to the screen if the participant was
actually piloting a UAV, even despite our attempts to
alleviate this factor by having the participant attend
to heading, moving vehicles, and intersections.
Another factor that influenced our results was the
amount of time the participants were subjected to the
video. Due to time constraints, we were only able to
show a 4 minute and 40 seconds video, where Cobb
et al. (1999), found that 15 minutes of immersion is
necessary to generate the sickness we were looking
for.

For future research, we would recommend that the
above issues be addressed by meeting a few
important requirements (assuming optimal conditions
and appropriate assets). First the sample size should
be increased to include at least 30 participants to help
validate the findings. Secondly, a full-motion and
fully immersive simulator should be utilized, in
which the participants would be required to actually
operate a simulated UAV. Finally, participants
should be subjected to each condition for at least
fifteen minutes before the SSQ is administered.
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EFFECTS OF WORKLOAD AND LIKELIHOOD INFORMATION ON HUMAN
RESPONSE TO ALARM SIGNALS

Ernesto A. Bustamante
James P. Bliss

Old Dominion University
Norfolk, VA

The purpose of this study was to examine how workload and likelihood information would affect participants’
responses to alarm signals while they performed a battery of tasks. As expected, participants’ overall response rates
and false alarm response rates were significantly lower, and true alarm response rates were significantly higher when
they used a likelihood alarm system. These results were particularly noticeable under high workload conditions.
Results from this study suggest that although people may respond less often to alarm signals when they are provided
with likelihood information, they will more likely respond to true signals rather than false alarms. Therefore,
designers should incorporate likelihood information in alarm systems to maximize people’s ability to differentiate

between true and false alarms and respond appropriately.

Introduction

Technological advances have made the use of
automated alarm systems a common practice in
aviation (Bliss, 2003). Such systems serve a crucial
function in the cockpit by alerting pilots of potential
or imminent dangerous conditions. Nevertheless,
even the most sophisticated alarm systems emit a
high number of false alarms, increasing pilots’ level
of workload and jeopardizing their flight
performance (Getty, Swets, Pickett, & Gonthier,
1995; Gilson & Phillips, 1996).

A possible solution to this problem is to provide
pilots with additional information regarding the
positive predictive value (PPV) of alarm signals
through the use of a likelihood display. The PPV of a
signal, which is also commonly referred to as its
“alarm reliability,” is defined as the conditional
probability that given an alarm, a problem actually
exists. Researchers have shown that people adjust
their responsiveness based on the outputs given by
alarm systems (Meyer & Ballas, 1997; Robinson &
Sorkin, 1985). More specifically, people’s
responsiveness to alarm signals is dependent on the
PPV of such signals (Bliss & Dunn, 2000; Bliss,
Gilson, & Deaton, 1995; Getty et al., 1995). The
purpose for using a likelihood alarm display is to
provide people with information about the PPV of
different signals so that they can respond more often
to high-likelihood signals and less often to low-
likelihood signals.

However, researchers have questioned the usefulness
of such displays by pointing out that they may
actually decrease pilots’ responsiveness, thereby
jeopardizing flight safety (Sorkin, Kantowitz, &
Kantowitz, 1988). Nonetheless, providing pilots with

likelihood information may enhance their decision-
making strategies such that they might respond more
often to signals that signify actual problems and
disregard false alarms. However, few researchers
have examined how operators of complex tasks react
when faced with signals generated by a likelihood
alarm system. Similarly, there is little awareness of
how other task variables might interact with
likelihood information to influence alarm reaction
patterns or primary task performance. The purpose
of this study was to examine how workload and
likelihood information would affect people’
responses to alarm signals.

Participants performed the tracking and resource-
management tasks from the Multi-Attribute Task
(MAT) Battery (Comstock & Arnegard, 1992) and an
engine-monitoring task that the experimenters
designed. We manipulated workload level by
automating the tracking task and by increasing the
difficulty of the resource-management task. While
performing their tasks, participants reacted to alarms
generated by either a binary alarm system (BAS) or a
likelihood-alarm system (LAS).

We assessed participants’ response rates to false
alarms and true signals. We expected participants to
respond more often to false alarms when they
interacted with the BAS, particularly during low
workload (Sorkin et al., 1988). This hypothesis was
consistent with previous research, which suggests
that people are generally more likely to respond to
alarm signals under low workload conditions (Meyer,
2002). However, we hypothesized that participants
would respond more often to true signals when they
interacted with the LAS compared to the BAS, and
that this difference would be greater under high
workload conditions. The reason for this was that we

97



expected the LAS would improve participants’ ability
to detect alarms that were more likely to be true
signals. Such an expectation is reflected by Selcon,
Taylor, and Shadrake (1991), who demonstrated the
benefits of redundant information on pilot reactions
to displays in the cockpit.

M ethod
Experimental Design

We used a full within-subjects design. Preliminary
analyses consisted of descriptive statistics to ensure
that we did not violate any statistical assumptions.
We set statistical significance for all inferential tests
apriori at a =.05.

Participants

An a opriori power analysis revealed that
approximately 30 participants would be necessary to
obtain a power of .80, assuming a medium effect size
(f = .25) at an alpha level of .05 (Cohen, 1988).
Therefore, we used convenience sampling to select
30 (18 females, 12 males) undergraduate and
graduate students from Old Dominion University to
participate in this study. Participants ranged from 18
to 38 years of age (M = 22.70, D = 4.54). All
participants had normal or corrected-to-normal vision
and hearing. To motivate participants, we provided
them with three research credit points to apply to
their class grades, and awarded a $10 prize to the
person who performed best.

Materials and Apparatus

To increase the realism of the experimental design,
participants performed a set of complex primary tasks
at the same time they performed the secondary task.
The primary tasks consisted of a compensatory-
tracking task and a resource-management task, both
taken from the MAT (Comstock & Arnegard, 1992).
We loaded the MAT on an IBM-compatible
computer and displayed it to participants using a 17-
inch monitor. Participants performed the MAT using
a standard mouse and a QWERTY keyboard.

While performing the MAT tasks, participants also
performed an engine-monitoring task that the
experimenters designed. We presented this task to
participants on a separate 17-inch monitor, located at
90° to the right of the primary task. This engine-
monitoring task required participants to respond to a
series of alarms that indicated a potential problem
with two engines. As they performed the MAT,
participants encountered different alarms and had to

decide whether to ignore them or respond to them by
searching for critical system-status information. To
search for this information, participants had to divert
their attention from the primary task and press the
space bar on the keyboard located in front of the
computer hosting the secondary task. Once they did
this, the screen presented them with the system-status
information regarding the current oil temperature and
pressure of the two engines. Participants then
assimilated this information and decided whether
they needed to correct the problem by pressing the
space bar again, or cancel the information by pressing
the escape key and returning to the primary task. To
keep participants motivated, they received a score on
the engine-monitoring task, which was updated after
each alarm depending on their response.

Participants received one point for searching for
further information when an alarm was true and for
ignoring false alarms. They lost one point for
searching for further information when an alarm was
false, but they lost three points for ignoring a true
alarm. If they checked the status of the two engines,
they received two points for correctly resetting actual
problems and one point for canceling the information
when there was no problem. They also lost one point
for resetting the system when there was no problem,
but they lost three points for canceling the
information when a problem actually existed. The
rationale for using this point system was to more
closely simulate the payoff associated with
responding to and ignoring alarm signals in a
complex task situation, such as flying an airplane,
where adequately responding to true alarms is crucial
for flight safety.

Alarm Systems

Binary Alarm System We modeled the performance
of the binary alarm system based on prior research
(Bustamante, Anderson, & Bliss, 2004). The
probability of a problem was .01. The system had a
high sensitivity (d'=3.98) and a low threshold
(B=.23). Based on these parameters, the system was
able to detect the presence of a problem 99% of the
time, while issuing a false alarm rate of 5%. The
system had a sampling rate of 1s. Each experimental
session lasted 30 minutes, and a problem could arise
at any given second throughout each session. Based
on the prior probability of the problem, a total of 18
engine malfunctions occurred throughout each
session. The system was able to detect the presence
of all the problems, thereby generating a total of 18
true alarms throughout each session. However,
because of the low base rate of the problem and the
system’s low threshold, it generated a total of 82
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false alarms, resulting in an overall system reliability
of 18%. The true and false alarms generated by the
system looked and sounded exactly alike, to reflect
real-world situations where the operator must search
for additional information to ascertain alarm validity.
The visual component of the alarm signal consisted
of a yellow circle accompanied by the word
“WARNING” written underneath it. The auditory
component of the alarm signal was a simple sine
wave at a frequency of 500 Hz, presented at 65
dB(A) through a set of flat-panel speakers. The
ambient sound pressure level was approximately
45dB(A).

Likelihood Alarm System. The overall performance of
the likelihood alarm system was the same as the
binary system. However, this system generated two
types of alarms depending on the likelihood that they
would be true. To determine the likelihood of each
alarm, the system had two simulated thresholds
instead of one. We set the lowest threshold of this
system at the same value as the binary system, and
the highest threshold at f=88.40. Based on these two
thresholds, the system generated a total of 84 low-
likelihood alarms, 4 of which were true and 80 of
which were false. As a result, these alarms had a 5%
likelihood of being true. This system generated a total
of 16 high-likelihood alarms, 14 of which were true
and 2 of which were false. As a result, these alarms
had an 88% likelihood of being true. The low-
likelihood alarm signals consisted of the same stimuli
used for the binary system. The visual component of
the high-likelihood alarms consisted of a red circle
accompanied by the word “DANGER” written
underneath it. The auditory component of these
alarms was a simple sine wave at a frequency of 2500
Hz, also presented at 65dB(A).

The rationale for using this particular design for the
likelihood alarm system was to use peripheral cues
such as color, signal word, and sound frequency to
enable participants to easily differentiate between
low- and high- likelihood alarms. Although these
cues may affect the perceived urgency of such
signals, prior research suggests that the effect of the
PPV of alarms overshadows any effect that could be
attributed to perceived urgency (Burt, Bartolome-
Rull, Burdette, & Comstock, 1999).

Procedure

As part of this study, participants completed two
experimental sessions during which they interacted
with an alarm system and an automatic pilot. During
one of these sessions, participants used a binary
alarm system, and for the other session, they used a

likelihood alarm system. We fully counterbalanced
the order in which participants used these systems.

Participants came to the laboratory individually.
When they entered the laboratory, they first read and
signed an informed consent form and then completed
a background information form. The purpose of the
background information form was to collect
information relevant to the exclusionary criteria for
the experiment, such as participants’ age and whether
they had any visual or auditory problems. Once
participants completed this form, we provided them
with the instructions about how to perform the MAT
tasks. Next, participants performed a 5-min practice
session.

Once participants completed this practice session, the
experimenter provided them with the instructions
about how to complete the engine-monitoring task.
Participants then went through another 5-min practice
session, performing all tasks at the same time. Next,
the experimenter informed participants of the overall
reliability of the system and the likelihood of each
type of alarm. Then, participants performed the two
experimental sessions, taking a 5-min break between
them. Before participants began the second session,
we provided them with information about the other
alarm system. Then, participants went through
another 5-min practice session, using the other alarm
system. After this practice session was over,
participants performed the second experimental
session using the other alarm system.

Each experimental session lasted 30 min. During the
first and last 7.5 min, participants performed the
tracking task manually, and they experienced a series
of random pump malfunctions in the resource-
management task. At other times, the autopilot
performed the tracking task, and participants did not
experience any pump malfunctions in the resource-
management task. The rationale for doing this was to
more closely simulate the distribution of workload
levels found in applied settings, such as in aviation,
where the take-off and landing phases of flight are
associated with higher levels of workload than the
cruising phase.

Dependent Measures

We assessed participants’ overall response rates
(ORR), which was the proportion of alarms that
participants responded to in a given session. We also
assessed participants’ false alarm response rates
(FARR), which was the proportion of false alarms
that participants responded to in a given session.
Last, we assessed participants’ true alarm response
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rate (TARR), which was the proportion of true alarms
that participants responded to in a given session.

Results

We conducted three 2 x 2 repeated-measures
ANOVAS. We used workload (Low, High) and
system (BAS, LAS) as independent variables. We
used ORR, FARR, and TARR as dependent
measures. Results from the first ANOVA showed a
statistically significant main effect of workload on
ORR, F(1,29) = 46.25, p < .001, partial n* = .62.
Participants’ ORR was significantly higher during
low workload (M = .51, SD = .24) than during high
workload (M = .40, SD = .23). Results from this first
analysis also showed a statistically significant main
effect of system on ORR, F(1,29) = 28.04, p < .001,
partial 1° = .49. Participants’ ORR was significantly
higher when they interacted with the BAS (M = .54,
D = .26) than when they interacted with the LAS (M
=.37, D =.19). These results are shown in Figure 1.
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Figure 1. Overall response rate as a function of
workload and system.

Results from the second ANOVA showed a
statistically significant main effect of workload on
FARR, F(1,29)=35.67, p<.001, partial 1’=.55.
Participants” FARR was significantly higher during
low workload (M = .46, D = .27) than during high
workload (M = .34, SD = .26). Results from this
second analysis also showed a statistically significant
main effect of system on FARR, F(1,29)=57.93,
p<.001, partial n’=.67. Participants’ FARR was
significantly higher when they interacted with the
BAS (M = .54, D = .25) than when they interacted
with the LAS (M = .27, SD = .22). These results are
shown in Figure 2.
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Figure 2. False alarm response rate as a function of
workload and system.

Last, results from the third ANOVA showed a
statistically ~ significant workload by system
interaction effect, F(1,29)=7.20, p<.05, partial
n°=.20, and statistically significant main effects of
workload, F(1,29)=14.10, p<.01, partial n’=.33, and
system, F(1,29)=30.22, p<.001, partial n’=.51, on
TARR. Participants’ TARR was significantly higher
when they interacted with the LAS (M = .80, D =
.13) than when they interacted with the BAS (M =
.56, SD = .31), but this difference was greater during
high workload. These results are shown in Figure 3.
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Figure 3. True alarm response rate as a function of
workload and system.

Discussion

Results supported our hypotheses. As expected,
participants responded significantly more often to
false alarms when they interacted with the BAS,
particularly  under  low-workload  conditions.
However, participants responded significantly more
often to true signals when they interacted with the
LAS, especially during high-workload conditions.

In general, the results of this experiment support the
use of redundant information to signify alarm
validity, or lack thereof. As noted by Selcon, et al.
(1991), the presence of such information can improve
pilot reactions to displayed information in the
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cockpit. Bliss, Jeans, and Prioux (1996) showed
similar results; when participants were faced with an
unreliable alarm system, they benefited most from
the presence of additional information upon which to
base their judgments of individual alarm validity.

Results from this study have potential applications
for designing alarm systems in the field of aviation.
These results suggest that although pilots may
respond less often to alarm signals when they are
provided with likelihood information, they are more
likely to respond to true signals rather than false
alarms. Therefore, designers should incorporate
likelihood information in alarm systems to maximize
pilots’ ability to differentiate between true and false
alarms and respond appropriately. This, in turn, may
increase safety by directing pilots’ attention to actual
problems without jeopardizing flight performance by
minimizing responsiveness to false alarms.
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HUMAN FACTORSISSUES OF TCAS: A SSMULATION-BASED STUDY
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Since its introduction in the 90's, TCAS Il, presented as a straightforward and very reliable technologica tool, has
significantly reduced the risk of collision. Paradoxically, the introduction of this system has been accompanied with
numerous incidents and one major accident in 2002, mainly due to unclear rules, poor air-ground cooperation and poor
human decision. In order to investigate these potential human factors issues, a part-task air-ground simulation was
conducted: 10 pilots and 10 controllers were involved in the simulations of 4 scenarios containing TCAS occurrences.
Data collected included video camera recordings for behavioral analysis, Heart Rate (HR) for stress evaluation,
questionnaires and debriefings for perceived risk levels and situational awareness assessment. The observations and
errors were analyzed through the CREAM methodology. The debriefings were led through a self-confrontation
technique, together with pilots and controllers. Results show that the simulations of TCAS situations were able to
produce a significant physiologica stress response with significant increase of HR when a resolution happens.
Questionnaires and debriefings show that, in most of the observed cases, aircrew, and controllers are not sharing the
same mental picture of the involved traffic and the risk of collision. This raises important issues in terms of
cooperation between controllers and aircrews in such demanding occurrences. This should alow identifying risky
situations and the related generic causes. The results will be discussed, aiming at a potential improvement of the

system, in terms of Human Machine Interface, training and consistency of procedures.

Introduction

The prevention of mid-air collison has been a major
safety issue in aviation for years. Since itsintroduction in
the 90's, the Traffic Alert and Collison Avoidance
System Il (TCAS Il), presented as a straightforward and
very reliable technological tool, has significantly reduced
therisk of collision. The latest version, TCAS Il Version
7 was built upon lessons learned from TCAS Il use and
problems (Wickens, 1992) TCAS Il is now a mandatory
device for all commercial arcraft with more than 19
passengers seats. This system issues two types of derts :
the Traffic Advisory (TA) which identifies a traffic as an
intruder whose position should be closely monitored (but
no actions are required for the arcrew) and the
Resolution Advisory (RA) that recommends a vertical
escape maneuver to maintain a sef separation.
Paradoxically, the introduction of this system has and
still contributes to severe incidents and was the main
cause of one mgor accident, the mid-air collision
between a B757 and a Tupolev at Uberlingen Lake in
2002. The magor cause of this accident lies in the
decision of the Tupolev captain to follow, (accordingly to
his company’s manual), the Air Traffic Controllers
(ATC) ingtruction to immediately initiate a descent
though it was contrary to the RA order (BFU, 2004).
Even if an improvement seems to show up over the last
years mainly due to aircrew and Air Traffic Controllers
(ATCO) drastic changes in information and training

(Powell and Baldwin, 2002) it is still observed cases
where aircrews failed to follow the RA or over-reacted or
simply disregarded the aert. Obvioudly, this system still
raises many human factors issues that directly impair air
safety. A preiminary study (Cabon et a, 2003)
conducted by means of collective and individual
interviews of controllers and pilots emphasized the
following issues: stress, man-machine interface, training,
airline procedures and arcrew-ATC communications.
The present study aims to investigate the potential human
factors issues in an air-ground simulation. The use of
simulation is essential as the previous studies emphasised
the need to reproduce in real time the temporal pressure
and the stress that experience both pilots and ATCOs
during aTCAS sequence.

Method
Smulation Settings

All the simulation settings were designed by the Centre
d' Etudes de la Navigation Aérienne (CENA) in
Toulouse (France).The three main elements were:

e An Airbus A320 part-task simulator including for
both the Pilot Flying (PF) and the Pilot Non Flying
(PNF), the main displays and tools that are needed to
present and respond to a TCAS resolution: the
Navigation Display (ND), the Primary Flight Display

! Previous name was CENA (Centre d’ Etudes de la Navigation Aérienne), which is part of DSNA.
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(PFD), the Flight Control Unit (FCU) and a side stick.
Radio communications with ATC are available.

« An ATC position with the 2 radar displays and
paper strips for the planning and executive controllers.
e A “pseudo-pilots’ position where 2 experts play
the role of the surrounding traffic. The ATC did not
know during the simulation what aircraft was actually
“piloted” or “pseudo-piloted”.

The main and most valuable feature was the integration
of the actual TCAS software and HMI in the cockpit
simulator and for the other simulated aircraft.

Scenarios

While high technical fidelity was out of scope,
operational aspects were taken as important. For this
study, 4 scenarios have been especially designed. The
first one (Biarritz) was designed by the CENA to induce
a high probability to trigger a TCAS aert. In this
scenario, always presented first, neither the ATCOs nor
the aircrews knew that the study was dealing with
TCAS operation. The three other scenarios (named
respectively Marseille, Orly and Reims) were based on
real incidents that were selected in collaboration with
the CENA and the Service du Contr6le du Trafic Aérien
(SCTA). In these scenarios, the ATCO were asked to
“play a part”, reproducing certain errors in order to
induce a conflict likely to trigger a TCAS aert. Each
scenario lasted between 10 to 15 minutes.

Participants

A total of 10 A320/330/340 pilots (i.e. 5 aircrews) and
10 ATCOs (ACC and APP) were involved in this study.

At the beginning of each session, none of the
participant knew the precise scope of this study, in
order to avoid anticipation or preparation effects.

Data Collected

Four kinds of data were collected:

o Direct observations and video of both working
positions to trace displays, events, actions and
communications to subsequently analyze behavior.
Specific observation grids were developed using the
Cognitive Reliability and Error Anaysis Method
(CREAM) (Hollnagel, 1998). On top of this, one of the
observer was afully qualified pilot able to pinpoint fine
details not caught by the video. Two Human Factors
experts also observed aircrew and ATCO.

o Subjective assessment. After each scenario,
participants were asked to fill out questionnaires to rate
their situational awareness, their stress and various

aspects that were relevant to understand how they had
perceived the scenario and the TCAS sequence.

e« Heart rate (HR). In order to get an objective
measurement of stress, heart rate was continuously
recorded during the scenario by means of a digitized
recorder (Vitaport, Temec ®).

o Collective debriefing. The aim of the debriefing
was to collect the verbalization of both pilots and
ATCOs on what happened during the scenarios. The
debriefing was supported by an auto-confrontation
using the video and communication recordings. This
debriefing was very useful to assess the situational
awareness of participants. It also alowed revealing
their a posteriori understanding of the situation, in
relation to the ASR or reports they would have to fill
in. At the end, a discussion was set up about the main
safety-related issues and suggestions to reduce risk in
operational environment.

Each session lasted one day from 0900 to 1730. The
four scenarios were played in the morning while the
afternoon was dedicated to the collective debriefing.

Results
Descriptive Analysis

TCASEvents

During the study, 20 scenarios have been played (i.e. 4
scenarios X 5 days). Both the simulation setting and the
scenarios were efficient to induce a significant number
of TCAS events alowing the data analysis. The
following TCAS events occurred during the
simulations:

« 8TA notfollowed by aRA,

e 18 sequences TA/RA (some with several RA),

e 37RA (initial and sensereversal or weakening RA).

A rather good variability of RA was obtained, with a
majority of Adjust Vertical Speed which are known to
be often misinterpreted by aircrews.

Heart Rate (HR)

Stress was objectively measured in this study using a
continuous recording of HR. As there is a considerable
inter-individual variability in HR, &l the data are
expressed as the percentage of variation of the 1st
percentile of the total recording (reference). Figure 1
shows an example of HR recording for a pilot and an
ATCO during a TCAS sequence.

This example shows a clear physiological reaction to
the occurrence of the different TCAS events for the
pilot and the ATCO. For the pilot HR increased
dramatically after the TA up to 80% when the two first
RA “Climb” and “Adjust Vertical Speed” are issued.
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Figure 1. HR expressed as a percentage of the
reference (1% percentile of the total recording) during a
TCAS sequence for one pilot (PNF) and one ATC

Then, HR progressively decreased even with the two
subsequent RA  suggesting an  adaptation of the
physiological dress to the situation. The leve returns to
theinitial level (around 30%) after the “Clear of Conflict”
announce. For the ATCO, HR incressed progressively
after the STCA and reached a maximum (>60%) after the
TCAS and airprox reporting by the aircrew. In most of the
smulations, a smilar pattern was observed with some
variability in the magnitude of variations. This result
confirms that, even in a part task simulator, the scenarios
and the environment are able to induce a significant stress
effect. In some cases, stress induced changes in behaviour.
In one smulation, after the aircrew had solved a multiple
RA sequence, a second TA appeared while the crew was
resuming normal navigation. This TA was not detected by
the aircrew, and even during the auto-confrontation they
had difficulties to recognize this event. This suggests a
“post-stress’ or a “dacking” effect that reduced the
available resources of the crew. A systematic analysis is
being carried out on the relationship between physiological
manifestations of stress and some behavioura changes that
occurred during the smulations.

Thematic Analysis

From the data collected, two topics have been selected
as relevant from a Human Factors and operational point
of view:

« dituational awareness,

« arcrew-ATCO cooperation and communications.

Situational Awareness (SA)

SA has been analysed regarding four main issues:

« datacollection,

« timing of the TCAS sequence,

« control over the situation,

« common perception of conflictsby aircrew and ATC

Data collection. Since its introduction, TCAS has
introduced a mgjor change in the perception of traffic
situation by aircrew. In fact, surrounding traffics are
continuoudly displayed on the ND (CDTI). Therefore,
aircrews now try to build an overall picture of the
traffic situation based on this information while in the
past this was only done through the hearing of the ATC
communications (party line). This may impact the R/T
communications, even before the TCAS issues an dert.
The following examples of aircrew messages to the
ATC during the ssimulations were recorded before and
during TA’s (most are translated from French):

« BeforeaTA : “we'vegot atraffic’, “ we' ve got an
aircraft”, “traffic TCAS', “you've got a traffic
information ?” .

« DuringaTA : “we'vegota TCAS , “ TCASalert”,
“we've got a visual”, “ we've got a visual TCA we
have it on TCAS’

LT

These messages were intended to ask for traffic
information or were an answer to an ATC clearance or
a traffic information given by the ATC. They are not
covered by any procedure or rule and may interfere
with the ATC work and induce misunderstanding. For
example, the word “visual” may be understood by the
ATC as “I have a visua contact on the traffic’ or
“Traffic TCAS’ can be understood as “we've got a
RA”. The display of traffic on the ND may also lead to
false interpretation. For example in the Orly scenario all
pilots have seen the traffic as the aircraft ahead on the
approach, which was not the case. This
misinterpretation has a direct impact on aircrew SA and
may lead to incorrect maneuver in case of RA (as it
happened in the rea situation).

The timing of the TCAS sequences. The analysis of
TCAS sequences reveals a large variability in the timing
of the TCAS events. In this study, the duration of TA
varies from 2 sec to 38 sec. In one case, a RA occurred
without being preceded by a TA. The collective
debriefing showed that most participants are not aware of
this large variability. The absence of TA leads to a
Situation where the aircrews could not be properly
prepared to respond to the RA. In this case, the procedure
which is normally followed after a TA in most airlines
(the captain announcing “1 (or you) have the contral”,
switching off the Flight Director) cannot be applied. The
high unpredictability of the TCAS sequence impacts SA
as prevision and anticipation play a mgor role in the
building process of SA (Enddey, 1998).

The control over the situation by the aircrew. After
each scenario, the participants were asked to rate how
difficult it was to evaluate the situation and whether
they felt they started to loose the control over the
situation. Table 1 shows the results of these questions.
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No Yes

No [es |Don't
know

Did you find difficult to| PF 11 9
assess the situation ? PNF 16 4
Did you felt that you were| PF 20 0
losing control of the|PNF 20 0
situation ?

Table 1. Evaluation and control of the situation by the
aircrew

Results show that the feeling of a globa situation
assessment is higher among the PNF than for the PF.
This can be explained by the fact that PF are mostly
focussed on the active following of the RA and are not
seeking to have an understanding of the situation. The
following statements of PF's during the debriefings
confirm this attitude: “You cannot react according to
what you understand”,” | don’t know what happened”
“1 do not remember to descend”, “I focused on the IVS
[NB : where the RA is displayed on Airbus aircraft], |
do not look at the ND”. During the debriefing, most of
pilots stated that the RA TCAS are too unpredictable
and that it is preferable to concentrate on the execution
of the manoeuvre. In this context, they do not expect or
seek traffic information from the ATC.

Common perception of conflicts by aircrew and
ATC. One of the most striking results from the
collective debriefing was the large shift in the
perceptions of ATCOs and aircrews on the same
situations. The auto-confrontation of the participants
with the video recordings showed that most ATCOs are
not aware of how the TCAS is displayed in the cockpit.
Aircrews are also not informed about the ATC tools,
especially regarding the functioning of the STCA and
the characteristics of radar display (precison and
refreshment rate). This was confirmed by the results of
2 questions asked to the aircrews and ATCOs (Table 2).
These questions have been asked only for the Biarritz
scenarios where ATCOs were not aware of the aim of
study and did not expect the situation at all.

The most striking results are the large number of
negative answers (11 out 20) and the uncertainty of the
PNF (4 answers “don’t know” out of 5). This shift is
mainly due to the different and independent tools that
are used by ATCOs and aircrews, eg. time shift
between STCA and TCAS. This leads to a lack of
common perception of the situation which may interfere
in the communication and cooperation between ATCOs
and aircrews in these demanding situations.

To the aircrew: Doyou| PF 1 |0 4
think you bhad a| PNF |5 |0 0
common  perception
with ATCO?

To the ATCO: Do you |ATC1
think you bhad a|ATC2 |2 |0 3
common  perception
with aircrew?

w
=
o

Table 2. Feeling of a common representation by ATC
an aircrew

The Aircrew-ATCO Communications

In this section, the main results regarding the
communications between ATCOs and arcrews are
reported. The results are presented both for the messages
from aircrew to ATCO and from ATCO to aircrew.
Aircrew notification The only way for the ATCO to be
informed of a TCAS resolution is through the
notification of the RA by the PNF. The airline
procedure provides only 2 messages, whatever the RA
issued: “TCAS climb” or “TCAS descend”. In this
study, for ssimple RA such as Climb or Descend, the
observed messages are consistent with the procedure
which is, in this case, clear and appropriate. For the
other RA alarge variability of phraseology is used, with
sometimes some ambiguous. For example, some pilots
used the message “TCAS descend” to report an Adjust
Vertical Speed RA, although this RA aways means a
decrease of vertical speed that may occur while the
aircraft is climbing. This raises the issue of the aert
“Adjust vertical speed” which does not give directly the
sense of the RA and, as a consequence, the way the
pilot can report it to the ATC.

ATCO instructions Since the accident of Uberlingen
(BFU, 2004) both aircrews and ATCOs are aware that
aircrews must follow their RA and that ATC should not
give any clearance to the aircrew. However, on the 5
scenarios that have been played where the ATCOs were
involved, 2 ATC clearances have been given to aircrew
who followed these clearances. In these two cases, the
ATC clearance was given because the ATCO was
trying to avoid a conflict with another aircraft. In one
case, the clearance happened while the ATCO thought
that the conflict is solved, for the other, the clearance
was compatible with the RA TCAS. The critical aspect
is that the initial RA could be followed by another RA
which may be incompatible with the clearance.
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Discussion and Conclusion

The results obtained in this study show that even a
partial simulation of tasks was able to reproduce TCAS
events, stress and behaviors that raise several human
factors issues that could not be revealed in incident
reporting. The simulation conditions enabled producing
the temporal pressure and stress that is inherent in the
TCAS sequences. The assessment method that was
developed for this study, gathering physiological
recordings, observations, verbalization and
questionnaires showed its strength to detect and analyze
the critical human factors issues to be addressed in the
future. These issues have to be considered in the
aircrew-ATCO relation and not only at one level. To
summarize these issues, the TCAS sequences can be
represented as a “parenthesis’ in the normal aircrew-
ATC communication and cooperation (figure 2). This
figure depicts the several events and sequences that
follow one another. The upper part representsthe TCAS
events occurring in the cockpit, the lower part the ATC
side and in-between the air-ground communications. As
it is shown, the effects of TCAS occur before the TA,
when a traffic is displayed on the ND. This leads to a
change in the communication with potential
interferences and disruptive effects as it was reported
earlier (Benhacéne, 2001 ; Walsh, 1997). The
subsequent sequence starts when a TA occurs. This
period is critical for the aircrew as it is intended to
prepare them for a potential RA. One of the main issue
related to this period that was revealed by the study is
the very large variability of the timing of the sequence:
from very short (even in one case, with no TA) - which
does not alow the crew to apply the expected procedure
and be mentally prepared to react- to long periods
where the preparation can diminish progressively. As
airborne and ATC systems are independent, additional
interferences can occur at this moment due to the STCA
triggering which may induce actions from the ATCO.
When the RA occurs, a critical period is starting (T1).
As long as the aircrew has not reported the RA, the
ATC has no means to be informed that the TCAS has
issued an alert.

This creates a very sensitive situation where ATC may
till give clearances that can be very disruptive for the
aircrew. The reporting of the RA by the aircrew is
expected to open the parenthesis in the aircrew-ATCO
communications. However, as demonstrated by our
results the reporting is sometimes inexistent, late or
ambiguous. The “Clear of Conflict” (CoC) message
from the TCAS starts another critical period (T2). As
for T1, aslong as it is not reported by the aircrew, the
ATCO isignorant of the end of the RA. This raises a
transfer of liability issue between the aircrew and the
ATCO: who is responsible for the separation of

Apparition
Cockpit ofataffic 1A nitial RA
on the ND

Clearof Conflict nitial clearance

RA

T2

Air-ground
communications

RATCAS Clear of Conflict

ATC [ ] STCA

Figure 2. The parenthesis in the aircrew-ATCO
communications in the TCAS sequence

aircraft? The report of the CoC by the aircrew to the
ATC closes the parenthesis, the aircrew normally
returning to the initia clearance, and resuming normal
navigation (auto-pilot ON, flight director ON). As it
was shown in the results, these tasks and a potential
slack in attention due to the stress experience during the
RA may have potential impact in this period reducing
the attention on subsequent TA.

Most of participants (pilots and ATCOs) stated that this
type of simulation and common debriefing allowed
them to better realize the operationa issues and
difficulties in these time-critical situations: some had a
clear understanding of TCAS and associated procedures
but no operational experience. They were surprised to
have performed away from their understanding under
time pressure and they noticed the conseguences of
their action on the other’s job (ATCO or aircrew). So
this represents a step forward as far as training is
concerned into practice for the training process. Further
analyses of the data are currently conducted in order to
get asystematic analysis of errors.

A second round of simulations was conducted in
autumn 2004: some changes were applied to scenarios
in order to keep the ATCOs in their operationa role.
This led to some new situations and opened some new
issues about these very short intensive periods. From
the whole results and discussions of both sessions,
some solutions will be suggested, which may reinforce
or question present studies related to TCAS
improvement. One of the most encouraging outputs is
the method that was used to tackle the human aspects of
the air-ground integration and could be use for the
evaluation of solutions such as the RA downlink
(Broker, 2004): it is a valuable complement to other
approaches that have aready been conducted: incident
analysis, simulations involving only one side (RADEL,
2004), or field evauations (Walsh, 1997). It may aso
be a valuable complement to present training methods,
which does not require outstanding technical means.
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This paper describes a model of en route air traffic control and presents the results of a performance evaluation of
computational air traffic controller agents based on the model. The purpose is to better understand the
representations, heuristics, and processes that expert air traffic controllers use and develop agents useful for air
traffic management concept development and safety/risk analysis. The results show the agents control low-to-
medium traffic levels effectively. The research was supported by the NASA Aviation System Capacity Program and

the FAA/NASA Aviation Safety Program.
I ntroduction

Today's air traffic management (ATM) system is
highly safe and robust, but it cannot sustain current
capacity limits, inefficiencies, and adverse
environmental impacts over the long term.
Researchers are therefore investigating new ATM
concepts to address these problems. The complexity
of the ATM system makes developing new concepts
challenging. Researchers must address a broad range
of issues—automation functionality and operator
interaction, operational scenarios, and training.
Simulations with computational agents offer an
atractive complement to development through
iterative human-in-the-loop simulations.

Severa recent research efforts address air traffic
controller models. For example, Niessen, Eyferth,
and Bierwagen (1999) studied how experienced
controllers assess traffic situations. Niessen and
Eyferth (2001) then used a computational cognitive
model based on the ACT-R framework to study how
controllers construct a ‘picture’ of the traffic
situation. Other research has investigated control
strategies (Nunes and Mogford, 2003) and conflict
detection and re