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A Validated Task Analysis of the Single Pilot Operations Concept

Cynthia A. Wolter' and Brian F. Gore®

Executive Summary

The current day flight deck operational environment consists of a two-person
Captain/First Officer crew. A concept of operations (ConOps) to reduce the commercial
cockpit to a single pilot from the current two pilot crew is termed Single Pilot
Operations (SPO). This concept has been under study by researchers in the Flight Deck
Display Research Laboratory (FDDRL) at the National Aeronautics and Space
Administration’s (NASA) Ames (Johnson, Comerford, Lachter, Battiste, Feary, and
Mogford, 2012) and researchers from Langley Research Centers (Schutte et al., 2007).
Transitioning from a two pilot crew to a single pilot crew will undoubtedly require
changes in operational procedures, crew coordination, use of automation, and in how
the roles and responsibilities of the flight deck and ATC are conceptualized in order to
maintain the high levels of safety expected of the US National Airspace System. These
modifications will affect the roles and the subsequent tasks that are required of the
various operators in the NextGen environment. The current report outlines the process
taken to identify and document the tasks required by the crew according to a number of
operational scenarios studied by the FDDRL between the years 2012-2014.

A baseline task decomposition has been refined to represent the tasks consistent with a
new set of entities, tasks, roles, and responsibilities being explored by the FDDRL as the
move is made towards SPO. Information from Subject Matter Expert interviews,
participation in FDDRL experimental design meetings, and study observation was used
to populate and refine task sets that were developed as part of the SPO task analyses.
The task analysis is based upon the proposed ConOps for the third FDDRL SPO study.
This experiment possessed nine different entities operating in six scenarios using a
variety of SPO-related automation and procedural activities required to guide safe and
efficient aircraft operations. The task analysis presents the roles and responsibilities in
a manner that can facilitate testing future scenarios. Measures of task count and
workload were defined and analyzed to assess the impact of transitioning to a SPO
environment.

" San Jose State University Research Foundation; San Jose, California.
2 NASA Ames Research Center; Moffett Field, California
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1.0 Introduction

When dealing with complex system redesigns such as the proposed Single Pilot Operations (SPO) in
the National Airspace System (NAS) in the United States, it is necessary to evaluate the impact that
the redesign will have on the roles and responsibilities of all of the agents operating within the
system. This analysis can take many forms, including empirical simulations of the environment
experiencing the complex redesign, semi-structured task analyses of the redesigned environment,
and / or computational modeling to generate predictions of the impact of the redesigned systems on
the baseline operational environment (among other approaches). In order to fully understand the
effect that new system designs have on the system performance, and on all of the agents within the
system, documenting the tasks that are currently required for the safe operation of the system and
comparing this baseline task analysis with the tasks required in the redesigned system provides
insight into potential problem areas for the redesigned system. The objective of the current research
was to conduct a task analysis (iteratively validate/refine sets of tasks) associated with likely SPO
environments to measure the impact of transitioning to SPO from current-day operations based on
the simulations being completed out of the FDDRL over the past three years.

The current-day flight deck operational environment consists of a two-person Captain/First Officer
(CA/FO) crew. A concept of operations to reduce the commercial cockpit from the current two-pilot
crew to a single pilot is termed Single Pilot Operations. This concept has been under study by
researchers in the Flight Deck Display Research Laboratory (FDDRL) at the National Aeronautics
and Space Administration’s (NASA) Ames Research Center (ARC) (Johnson, Comerford, Lachter,
Battiste, Feary, and Mogford, 2012) and Langley Research Center (LaRC) (Schutte et al., 2007). The
ARC FDDRL research focuses on air-ground integration issues, while the LaRC research focuses on
flight deck design issues. Both the ARC and LaRC research teams foresee that transitioning from a
two-pilot crew to a single-pilot crew will undoubtedly require changes in operational procedures,
crew coordination, in use of automation, and in how the roles and responsibilities of the flight deck
and Air Traffic Control (ATC) are conceptualized in order to maintain the high levels of safety
expected of the U.S. National Airspace System (NAS). The work consisted of: conducting a detailed
task analysis of candidate FDDRL scenarios, refining existing current day approaches to reflect the
roles/responsibilities of proposed SPO entities, and augmenting the SPO scenarios to include
responses to off nominal scenarios using the full implementation of the augmented number of
ground based operators. In performing this work, the task analysis team reviewed relevant literature,
interviewed subject matter experts with active commercial aviation

1.1 The Task Analysis

A task analysis is the process whereby the tasks to safely fly the aircraft with automation are
analyzed, documented and outlined (Kirwan & Ainsworth, 1992). The task analysis is a
methodology covering a range of techniques to describe, and in some cases evaluate, the human-
machine and human-human interaction in systems. It is often described as the study of what an
operator (or team) is required to do in terms of actions or cognitive processes to achieve a specific
system state. Typically, it is characterized by a hierarchical decomposition of how a goal-directed
task is accomplished, including a detailed description of activities, task and element durations, task
frequency, task allocation, task complexity, environmental conditions, necessary clothing and
equipment, and any other unique factors involved in, or required for, one or more people to perform
a given task (Kirwan & Ainsworth, 1992).

One type of task analysis, the Cognitive Task Analysis (CTA) identifies all of the critical cognitive
tasks that the operator is required to perform with the automation (Diaper, 1989; Zachary, Ryder, &



Hicinbothom, 1998). CTA is a family of methods and tools for gaining access to the mental
processes that organize and give meaning to observable behavior. CTA methods describe the
cognitive processes that underlie the performance of tasks and the cognitive skills needed to respond
adeptly to complex situations. Knowledge is elicited through in-depth interviews and observations
about cognitive events, structures, or models. Often the people who provide this information are
subject matter experts (SMEs)—people who have demonstrated high levels of skill and knowledge
in the domain of interest (Klein, 2000). The CTA is a complement to traditional task analysis as it
adds the capability for designing for the unanticipated by describing the constraints on behavior
rather than solely describing the behavior. These approaches feed into a concept-verification phase,
where the research concept is verified by a human-system engineer, and preparations are made to
implement the results from the task analyses into a model form (Gore, 2008).

1.2 Current Day Operations

The traditional roles of the cockpit operators are defined as Captain (CA) and First Officer (FO)
roles. The CA is the main pilot of the aircraft and the one who remains ultimately responsible for the
aircraft, its passengers, and the crew. The CA sits in the left seat of the cockpit. The FO is the second
pilot of an aircraft. The FO sits in the right-hand seat in the cockpit. One pilot is designated the
“pilot flying” (PF) and the other the “pilot not flying” (PNF), or “pilot monitoring” (PM), alternating
during each flight phase as necessary. Even when the FO is the flying pilot, the CA is in command
and has legal authority of the aircraft. The amount of time either pilot is in control of the aircraft is
near equal in normal operations, as the PF designation is passed back-and-forth throughout any
given flight. In typical day-to-day operations, the essential job tasks are distributed fairly equally but
final decisions always remains with the CA (pilot-in-command). Some have defined the shared roles
in the cockpit as being Aviate, Navigate, Communicate, and Systems Management (Billings, 1997).
Modifications to the manner that this shared cockpit is implemented might be necessary in SPO.

1.3 Single Pilot Operations

In SPO, it is entirely possible that multiple operators and entities will be required to guide the safe
transport of the aircraft (Johnson et al., 2012). In this proposed distribution of roles and
responsibilities in the SPO environment, a division of tasks between 9 entities will be explored: an
On-Board Pilot (OBP), Ground Operator 1 (GO1), Ground Operator 2 (GO2), Ground Operator 3
(GO3), each with their own operator-specific automation (Flight Deck Automation, Ground
Automation 1, Ground Automation 2, and Ground Automation 3), and Air Traffic Control. In this
SPO iteration, the GOs would be fully trained pilots capable of flying the aircraft alone in the event
that incapacitation of the OBP pilot. Three experiments conducted by the FDDRL will illustrate the
basis for the scenario-based tasks that were included in the task analysis and the manner that it was
created in an iterative fashion.

1.4 Single Pilot Operations Background Research

In the first SPO study conducted by Johnson, Comerford, Lachter, Battiste, Feary, and Mogford
(2012), pairs of pilots were asked to complete simulated flight segments in each of two conditions:
Co-located, and remote. The pilots were purposely presented with a critical situation that required
problem solving. The situation was one in which the crew encountered severe weather during their
flight and needed to divert to an alternate airport. Scenarios added complexity to the diversion task,
such as the amount of fuel onboard to support planned or unplanned diversions and system failures
such as anti-skid that required the crew to recalculate landing weights and distances.



The co-located condition required that pilots work together in a two-person flight simulator, a
scenario that corresponded to current-day conditions. The remote condition required that the right
and left seats of the cockpit be placed in different rooms, a scenario that represented one version of a
SPO concept. The crew in the remote condition version of the SPO concept was allowed to
communicate freely, however they could not see each other, observe each others' body language or
point to information like weather cells on the navigation display. The interaction of the crew would
be impacted by this change to SPO and part of the current task was to identify how the tasks would
change as a function of such SPO operations.

A second SPO study evaluated the use of Crew Resource Management (CRM) indicators and shared
charts to aid both ground and air-based pilots’ communication and to enhance collaboration
(Lachter, Brandt, Battiste, Ligda, Matessa & Johnson, 2014). Along with nominal, current-day
baseline trials, pilots were separated as a distributed crew, with the CA on the flight deck and the FO
on the ground, serving as dispatch with limited support to the OBP for multiple company aircraft.
The concept of requesting Dedicated Assistance (DA) was also explored, both with the assistance of
automation (CRM tools) and without. This study also presented a situation in which the pilots
encountered severe weather that necessitated a diversion to an alternate airport.

A third SPO study focused on the transition between actively controlling multiple aircraft to actively
controlling a single aircraft during dedicated assistance (see Johnson et al., in press). Two crew
configurations were studied to identify the optimal allocation of responsibilities. In the SPO Hybrid
condition, one GO performing dispatch duties to the distressed aircraft, along with other company
aircraft, would transition to a dedicated assistant (ground-based FO) when requested by the OBP of
the distressed aircraft. Their other nominal aircraft was automatically handed off to other GOs. In
the SPO Specialist condition, a Specialist GO was waiting, on call, for a dedicated assistance request
by an OBP of any distressed aircraft. The distressed aircraft was then automatically handed off from
the “dispatch” GO to the Specialist GO.

1.5 Single Pilot Operations Candidate Roles

A review of the requirements in the above-described studies augmented the 2013 task analysis of
SPO scenario manipulations (Wolter & Gore, 2013). Finer level of detail and validation came from
subsequent interviews and collaboration with SMEs (C. Wolter, B. Gore, V. Battiste & R. Kotesky,
personal communication, January 30, 2013, and May 16, 2013; C. Wolter. R. Kotesky & W. Preston,
personal communication, April 22, 2014). In this paper, we explore the differences between a
nominal SPO flight and off-nominal SPO flights that require DA, all of which begin with the same
flight plan into Denver. In nominal operations, the OBP would be in sole control of decision-
making and flying tasks, only relying on the GO for dispatch information and communication with
maintenance and company personnel. In off-nominal operations, the OBP can request DA where the
GO becomes a ground-located FO.

In this case, PF and PNF designations would vary between the OBP and the GO, with possible
multiple mid-flight reassignments until the OBP releases DA. Most settings and radio
communications would remain solely PNF responsibilities. Current CA specific tasks would remain
the same and would always fall to the OBP. Both human operators would continually monitor
instruments and radio communications, as well as perform crosschecks when notified of a change
via voice or automation, and verify that the environment is consistent with their internal schema.

Due to a “separated cockpit”, automation will play a large role in notifying the OBP and GO of any
changes so that either could verify without undue radio congestion. The current mode of Dispatch or
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DA would determine the type of automation available. In the DA mode, automation would notify a
human operator if their ground or air-based counterpart had made changes such as: radio frequency,
altitude, heading, speed, altimeters, computer display unit (CDU) inputs/executions, entering/exiting
holds, approach mode, speed brake, landing gear, touchdown zone elevation, or flaps. In the
Dispatch mode, automation would monitor the GO for conformance and notify if an aircraft needs
assistance or has not been checked up on for a specified period of time. Automation will also notify
parties of emergency situations when an aircraft reaches flight-based touch-points, such as when an
aircraft passes below 18,000 ft. Advancements in automation may relieve the human operators of
some tasks such as getting the current Automatic Terminal Information Service (ATIS), setting
altimeters, loading expected arrival information and clearances from ATC. A major notable
difference between the current day and the SPO environment is the shift to ‘communication-cued’
crosschecks (verbal or automated) rather than ‘movement-cued’ crosschecks that occur in a shared
cockpit. Automation will need to account for these overt and covert characteristics associated with a
human “good crew member.” Automation that mimics the characteristics of a “good crew member”
can lead to increased efficiencies; which in turn lead to increased spare capacity to deal with
unforeseen events.

For the all SPO flights analyzed, there is a task decomposition of two candidate roles and
responsibilities for the ground operators. In the Hybrid off-nominal condition, a GO who is serving
as dispatcher with limited OBP support to 10 aircraft, will hand-off 9 of their aircraft to other GOs
when DA is requested by an OBP of a distressed aircraft. They will then perform both dispatch tasks
and FO tasks for the distressed aircraft. In the Specialist off-nominal condition, a GO who is serving
as dispatcher with limited OBP support to 10 aircraft, will hand-off a distressed aircraft to a
specialist GO when DA is requested by the OBP of that aircraft. The specialist GO will then perform
both dispatch tasks and FO tasks for the distressed aircraft.

1.6 Research Objectives

The objective of this research was to iteratively validate/refine sets of tasks associated with likely
SPO environments to measure the impact of transitioning to SPO from current day operations. The
tasks identified in the task analysis are linked together in a string of both sequential and parallel
nodes. These nodes represent networks that can then be used to analyze different scenarios and task
assignments for their impact on workload, efficiency, and safety. Possessing such task analyses
allows researchers to explore the degree to which the location and roles of pilots (co-located or
remote) impact the ability of the crew to work as an effective, separated, two-person crew as
compared to a co-located two-person crew. Potential SPO ConOps were measured by task count and
task workload to assess the impact of the transition.



2.0 Method

For the current research, task decompositions that included both the task analysis and a semi-
structured CTA of six scenarios (described below) of a planned approach into Denver starting at
37,000 ft Above Sea Level (ASL) with the crew operating under (a) current-day rules, (b) SPO
Hybrid rules, or (¢) SPO Specialist rules, were completed. Each rule set was tested in either nominal
approach to land or an off-nominal condition requiring the dynamic replanning of an alernate airport
was completed. The task network analyses are represented with task decomposition spreadsheets and
task networks.

2.1 Scenarios

Scenario 1a. Current Day Nominal: Instrument Landing System (ILS) approach into Denver
runway 16L.

The first task analysis scenario began before the top of descent at 37,000 ft ASL, near the
Y ANKI waypoint. The crew included a CA and a FO. For this flight, the CA had the role of PF
and the FO that of the PNF. CA/FO specific tasks are noted (see Figure 1a and Appendix A).

Scenario 1b. Current Day Off-Nominal: Planned ILS approach into Denver runway 16L with a
diversion to Cheyenne runway 27L.

The second task analysis began before the top of descent at 37,000 ft ASL, near the YANKI
waypoint. During the descent into Denver, a severe weather hold was initiated at LANDR at
17,000 ft and the crew discussed and decided on their alternate landing points. The crew
included a CA and a FO. For this flight, the CA had the role of PF and the FO that of the PNF.
CA/FO-specific tasks are noted (see Figure 1b and Appendix B).

Scenario 2a. SPO Hybrid Nominal: ILS approach into Denver runway 16L.

The third ask analysis began before the top of descent at 37,000 ft ASL, near the YANKI
waypoint. The crew included an OBP, a company GO (GO1), flight deck automation, and
ground automation. Two additional GOs, their ground automations, and ATC are also
represented in the analysis. The OBP was always the CA of the flight. The GOs each monitored
10 aircraft, provided limited support, and primarily performed dispatch duties for their assigned
aircraft. The GOs were available for DA support but DA was not initiated in this scenario (see
Figures 1a, 2a, and Appendix C).

Scenario 2b. SPO Hybrid Off-Nominal: Planned ILS approach into Denver runway 16L with a
diversion to Cheyenne runway 27L.

The fourth task analysis began before the top of descent at 37,000 ft ASL, near the YANKI
waypoint. During the descent into Denver, a severe weather hold was initiated at LANDR at
17,000 ft and the crew discusses and decides on their alternate. The crew included an OBP, a
company GO (GO 1), flight deck automation, and ground automation. Two additional GOs, their
ground automations, and ATC are also represented in the analysis. The OBP was always the CA
of the flight. The GOs each monitored 10 aircraft, provided limited support, and primarily
performed dispatch duties for their assigned aircraft. The GOs were available for DA support,
which was requested by the OBP of “NASAO01.” GO 1 then released their other aircraft to the
other GOs and offered dedicated support to NASAOI until DA was no longer needed and
released by the OBP. During DA, GO also performed dispatch duties for NASAOI (see Figures
1b, 2b, and Appendix D).



Scenario 3a. SPO Specialist Nominal: ILS approach into Denver runway 16L.

The fifth task analysis began before the top of descent at 37,000 ft ASL, near the YANKI
waypoint. The crew included an OBP, a company GO (GO 1), a Specialist GO, and their
automations. One additional GO, their ground automation, and ATC are also represented in the
analysis. The OBP was always the CA of the flight. The GOs each monitored 10 aircraft,
provided limited support, and primarily performed dispatch duties for their assigned aircraft. The
Specialist GO was “offline” and available for DA support but DA was not initiated in this
scenario (see Figures 1a, 2a, and Appendix E). Because DA was not initiated here, the task
assignments for this scenario are fundamentally the same as Scenario 1b above.

Scenario 3b. SPO Specialist Off-Nominal: Planned ILS approach into Denver runway 16L with a
diversion to Cheyenne runway 27L.

The sixth task analysis began before the top of descent at 37,000 ft ASL, near the YANKI
waypoint. During the descent into Denver, a severe weather hold was initiated at LANDR at
17,000 ft and the crew discusses and decides on their alternate. The crew included an OBP, a
company GO (GO 1), a Specialist GO, and their automations. One additional GO, their ground
automation, and ATC are also represented in the analysis. The OBP was always the CA of the
flight. The GOs monitored 10 aircraft, provided limited support, and primarily performed
dispatch duties for their assigned aircraft. The Specialist GO was “offline” and available for DA
support, which was requested by the OBP of “NASAO01.” The GO then released NASAOI to the
Specialist GO but retained their other aircraft. The Specialist GO offered dedicated support to
NASAO1 until DA was no longer needed and released by the OBP back to the GO. During DA,
the Specialist GO would also perform dispatch duties for the distressed aircraft (see Figures 1b,
2c, and Appendix F).
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Figure 1b. Divert to Cheyenne approach (off-nominal).




Nominal SPO Operations
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Figure 2a. Nominal SPO operations.
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Figure 2b. Off-nominal SPO hybrid operations.




Off- Nominal SPO Operations (Specialist)
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Figure 2c. Off-nominal SPO specialist operations.

2.2 Task Representations

associations between tasks (see Figure 3a).

human operator or to automation (see Figure 3b).

10

Due to the complexity of the operational domains, two task representations were created to convey
the details associated with each approach-to-land rule set. This breakdown was necessary given the
complexity of the tasks required to safely land an aircraft and to illustrate the tasks that shifted from
the well-established and safe concept of operations to the new concept of operations. Possessing
such a breakdown allows a baseline operational standard to be compared with a next generation set
of tasks. These representations of the tasks include a task decomposition spreadsheet and a task
network model representation.

1. Task decomposition spreadsheet. The task decomposition spreadsheet is an Excel™ listing of
the tasks and their sequential location per entity. The task decomposition was created to
describe each task and operator roles in a more detailed, organized, in-depth manner to
illustrate the task flow and the operator responsibilities. This complex representation of the
task network allows for a more evolved understanding of both the malleable and rigid

2. Micro Saint Sharp task network. Micro Saint Sharp™ is a platform for visualizing the task
network linearly and identifying trouble spots where there is an increased task load due to the
proposed SPO environment. By creating validated task groups, a fluid reorganization of task
orders for analysis based on a given scenario can be developed. A difficulty level to each task
could be assigned to better understand which tasks are suitable for redistribution to another




AN P 00 T
0 %0
s [ A Pt thine are T 0 the 3
Anmete | MNP | e P Sakant () | TN O Abesmation INASAE) - Cavand parater (Hybesd) § et Amastn ¢ PO Gvntamumtnd [P Ot et
,
o, i, g, T, St s
o, v ol bt v o A0 g S
e e v "
T AT Tyt @ 70 eopied
o el wle (Arpet
py e eere e
Lot P CF8, St ) g :
PRy S
— T T=o
[y [eyeey
o e e Sy
o T
Roerrs st e 1) s .
S

[E—

G
11 Sehern et sorvnc, g ATHS &

B Pus weh O
R - —
- ——r - s S o
%m: 1: =

Figure 3a. Task decomposition spreadsheet example.
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Figure 3b. Micro Saint Sharp task network example.
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2.3 Concept Verification and the Impact of SPO on Operator Roles and
Responsibilities

The task analyses were performed to determine the task differences between the current day and the
proposed SPO descent and approach to land phases of flight, in addition to the changes in
procedures when the crew is given divert commands from ATC regarding specific significant events
(e.g., airport closure). Specific variables of interest included the number of communications,
amount/role of automation, number of crosschecks and their impact on crew coordination. The
analysis process began with a pre-existing current-day task analysis of a descent into Denver as well
as a Divert to Cheyenne due to weather including entering and exiting a hold, deciding to divert to
Cheyenne, and to safely land the aircraft. This was altered to represent the tasks required when
operator roles are modified in the SPO environment with an OBP, GOs, operator-specific
automation, and sometimes a Specialist GO (see Figures 2a, 2b, and 2c¢). This preliminary
representation of significant event scenarios was populated through direct observation of the first
and second SPO studies (Johnson et al., 2012; Lachter et al., 2014), observation of, and participation
in, the creation of the third SPO study (see Johnson et al., in press), SME evaluations and interviews
(C. Wolter, B. Gore, V. Battiste & R. Kotesky, personal communication January 30, 2013 and May
16, 2013; C. Wolter. R. Kotesky & W. Preston, personal communication April 22, 2014) and
published reports of anticipated NextGen tasks and operator errors (Gore, Hooey, Mahlstedt, &
Foyle, 2013; Gore, Hooey, Haan, Socash, Mahlestedt, & Foyle, 2013; Gore, Hooey, Haan,
Bakowski, & Mahlstedt, 2011).

The most insight into the NextGen SPO ConOps was gained through active participation in the third
SPO study design meetings. The ideas developed through this iterative simulation development
process were fed into the task analysis. Reactions to the Hybrid and Specialist roles from the
participants from the third SPO study were also used to further refine the analysis. The task analysis
completed in FY 14 follows the proposed ConOps from the third SPO study, and presents the roles
and responsibilities in a manner that can facilitate generating future FDDRL testing scenarios as well
as provide insight into the most efficient use of the crew resource as roles are reassigned.
Specifically, the 2013 task analysis was augmented to include a more complex divert scenario based
on a specific scenario also used in the third SPO study (see Johnson et al., in press). The previously
explored single pilot-on-board role and responsibilities built upon the SPO first-of-its-kind task
decomposition (Wolter & Gore, 2013) to define and incorporate a completely new entity (operator
and operator role) based upon current dispatch operations.

Gaps identified in previous task analyses were filled by first creating new task analysis spreadsheets,
including new entities, tasks, roles, and responsibilities being explored by the FDDRL lab. Multiple
iterations of the analyses revealed potential for improvement through task allocation to a different
entity. After final scenarios were chosen and populated with high-level tasks, the tasks were refined
and decomposed through comparison with SPO-concept reports, and a series of SME interviews.
There were three interview sessions conducted where three SMEs (one current CA, one former air
traffic controller, and an ATC specialist) reviewed six spreadsheets of very detailed tasks and task
orders to represent each scenario. The spreadsheets were organized by altitude and airport distance
for the primary aircraft (NASAO1), human operator tasks (PNF and PF) with CA assignment,
automation tasks, and ATC communications. Using SME input, the task decomposition spreadsheet
was modified to be more representative of the proposed SPO environment (see Figure 3a and
Appendices A, B, C, D, E, and F).

An alternate set of roles and responsibilities for the crew, that focused on the impact of greater
reliance on automation, both on the flight deck, and on the ground was created through SME
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interviews. The preliminary analysis revealed a large increase in the number of tasks to be
completed in the newest proposal of SPO ConOps, which indicated that on-board pilots and ground
operators would need extra assistance from automation if they were to maintain a similar level of
workload as previously proposed in the SPO ConOps.

Both representations went through a series of edits to create both an accurate representation of a
current-day environment, and a task distribution capable of representing a future SPO concept. The
tasks were expanded into higher-level task groups or events such as Weather Rerouting,
Maintenance Issues, and Gate Connections. These tasks groups were then entered into the Micro
Saint Sharp program as individual networks, providing a flexible means to create new scenarios and
identify problem areas by evaluating the task count and the workload (defined below) associated
with the group (see Figure 3b and Appendices G, H, and I).

A number of operator specific task groups for the GO are addressing maintenance issues, delays,
security threats, customer care, and the complex dedicated assistance change in role. The nominal
handoffs during a shift change, off-nominal Hybrid handoffs, off-nominal Specialist handoffs, as
well as the handoff that occurs once dedicated assistance is released has been represented in the
present analysis. In this representation, automation has been delegated the following tasks;
crosschecks, notifications (for both OBP and GO if there is an issue detected such as non-
compliance with the issued clearance), reminding (e.g., complete landing checklist at a certain
altitude, execute new clearance, check on aircraft passing 18,000 ft, or “have you checked on this
aircraft lately?”), and logging flight deck activity to continuously create briefing packages to ease
handoffs.

2.4 Role and Responsibility Considerations

A review of previous SPO studies revealed that when separated, the aircraft’s crew performs
additional communications to preserve a consistent mental map of the approach and the candidate
divert options (Lachter et al., 2014). These additional communications highlighted a potential area of
concern implementing a SPO-like condition; if the crew needed to take immediate action, fewer
cognitive, attentional, or even coordinated resources to safely land the aircraft may be available for
the crew as they are occupied getting to a consistent mental map. As the crew work to become
coordinated, their attentional resources are occupied to a greater extent than if they were already
coordinated. This suggests that additional tasks cannot be added to the crew. To alleviate extra
communications and radio congestion, the use of CRM tools and shared displays were analyzed
(Lachter et al., 2014). Although the automation support was helpful for preserving a consistent
mental map, even more automation in different forms may be required. Exploring dedicated
assistance revealed potential problem areas for the GO during the transition from handling multiple
aircraft to handling one distressed aircraft. The method for the transition would need to be
streamlined and defined in detail to ensure the distressed aircraft would receive the level of
assistance required.

Automation tasks were based on theoretical advancements in technology currently being tested in a
laboratory setting for this task analysis. Here, automation has delegated many typical FO tasks as
well as “good crew traits” such as crosschecking. The OBP/CA needs to be able to maintain ultimate
control of the aircraft, yet have enough confidence to only crosscheck and execute the information
that the flight deck automation has supplied.

A specific SPO ConOps-related gap and research issue was identified for the Ground Operator and a
problem aircraft’s dispatch tasks. There has been a lack of information on the impact on the dispatch
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tasks once dedicated assistance is initiated. Based on our observations and task counts, the optimal
role allocation may be for the original GO to retain their dispatch duties for the DA aircraft,
assuming there is a moderate- to high-level of automation available to provide some task relief. This
can alleviate some of the issues relating to “coming-in-cold” in the Specialist conditions by retaining
an operator already familiar with the distressed aircraft.

2.5 Task Count and Workload

The task count and the workload associated with the tasks identified through a task analysis can be
easily generated once a vetted set of tasks has been created. The task count is simply the number of
tasks that the entity is responsible to complete, while the workload associated with the task is related
to the attentional load required by the task.

To measure workload in the six scenarios described, each task was described as having low-,
medium-, or high-workload demands. The task-analyst classified the workload classifications using
the task analysis and workload as a basis for the categorizations (Hamilton, Bierbaum, & McAnulty,
1994; Hamilton, Bierbaum, & Fulford, 1990; McCracken & Aldrich, 1984). Low-workload tasks
have been defined as tasks that are either very short in duration and/or require less attention (i.e.,
listening tasks, executing tasks, or any task performed by automation). Medium-workload tasks have
been defined as tasks that occupy more attentional resources, but are normal tasks that are performed
often (i.e., speaking and crosschecking). High-workload tasks have been defined as tasks that are
unfamiliar and/or very demanding of attentional resources (i.e., discussing, deciding, and final
manual landing). Every task in each scenario was given a corresponding workload level and then
counted and recorded (see Figures 4a, 4b, 4c, 4d, 4e, and 4f). For the purposes of relevancy, GO and
GO Automation tasks were only counted if they directly related to the flight of NASAOI. GO tasks
outside of the primary flight have not been adequately discussed at this point to confidently measure
their shift from beginning to end.

For a nominal approach into Denver, the task count revealed that the total task number is reduced
from 175 tasks performed by three entities to 160 tasks performed by four entities for both the SPO
Hybrid and SPO Specialist Nominal condition compared to current day (Figure 4a, 4b, and 4c). The
number of tasks performed by the CA/OBP remains at 85 tasks in both current day and SPO,
48.57% & 53.13% of the task total respectively. The workload for the CA/OBP also dropped from
current day to SPO: High-workload tasks decreased from 16.47% to 11.76%; medium-workload
tasks dropped from 62.35% to 54.12%; and, low-workload tasks increased from 21.18% to 34.12%.
Across all entities, the same trend can be seen: High-workload tasks decreased from 11.43% to
7.5%; medium-workload tasks dropped from 66.86% to 33.75%; low-workload tasks increased from
21.71% to 58.75%.
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Figure 4a. Current day nominal task count.
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Figure 4b. SPO hybrid nominal task count.
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Figure 4c. SPO specialist nominal task count.
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For an off-nominal approach into Denver with a diversion to Cheyenne, the total tasks increased
when comparing current day (237; Figure 4d) to the SPO Hybrid condition (318; Figure 4¢) and the
SPO Specialist condition (343; Figure 4f.) The number of tasks performed by the CA/OBP increased
in both the SPO Hybrid (141, 44.34%) and SPO Specialist (146, 42.57%) conditions as compared to
current day (118, 49.79%). The workload intensity trends were similar between all three conditions;
High-workload tasks for current day, SPO Hybrid, and SPO Specialist made up 22.88%, 28.37%,
and 30.82% of the total CA/OBP tasks respectively; Medium-workload tasks for current day, SPO
Hybrid, and SPO Specialist made up 59.32%, 49.65%, and 47.26% of the total CA/OBP tasks
respectively; and, Low-workload tasks for current day, SPO Hybrid, and SPO Specialist made up
17.8%%, 21.99%, and 21.92% of the total CA/OBP tasks respectively. The increase in task number
between SPO Hybrid and SPO Specialist is notable for future SPO ConOps development.

ent Day O 0 ]
A O O
o Workioas otal La 27 24 2 53
o 2288% | 21.24% | 33.33% [ 22.36%
i Workload  To . 70 78 3 151
: 5932% | 69.03% | 50.00% [ 63.71%
g 0 pad OLd 21 11 1 33
p 17.80% | 9.73% 16.67% [ 13.92%
otal Ta 118 113 6
; 49.79% | 47.68% | 2.53% | 100.00% |

Figure 4d. Current day off-nominal task count.
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d d 0 d 70 0 47 0 117
d 49.65% 0.00% 57.32% 0.00% 36.79%
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21.99% 0.00% 13.41% 0.00% 13.21%
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Figure 4e. SPO hybrid off-nominal task count.
PO Sp O
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e d 69 0 19 46 0 134
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Figure 4f. SPO specialist off-nominal task count.
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3.0 Conclusion

It is certainly a challenge to develop a set of tasks for concepts that are just in their infancy as is the
case with the SPO concept. The task analyses completed as part of the present research produced a
detailed and verified set of tasks representing a nominal, current-day approach into Denver. This
task network is the necessary first step for any NextGen SPO approach scenario development
process as it illustrates the most likely baseline task set upon which modifications could be proposed
and evaluated for moving from a two-person crew to a single pilot being responsible for the
operations of the aircraft. It is imperative that this baseline task analysis be accurate so that
incremental changes can be proposed and evaluated in subsequent scenario considerations and an
informed decision can be made about the costs and benefits of a next generation concept. Two
reasonable and plausible SPO scenarios were defined and populated with detailed tasks, operator
assignments, and task orders through a series of SME interviews, reviews of published reports, and
participation in ongoing SPO experiments conducted in the FDDRL at NASA Ames Research
Center.

Based on SPO concept reports, studies conducted in the FDDRL lab, and task analyses performed
thus far, a clearer picture of future NextGen SPO ConOps has been formed. To avoid overloading
any single human operator during the approach phase of flight, there is an identified need for more
reliance on automation to at minimum perform crosschecks and load flight settings. The approach
phase of flight is densely populated with tasks from the top of descent to touchdown, requiring input
from multiple operators to safely land the aircraft. If tasks currently being performed by two co-
located pilots are all assigned to a single OBP, the task load on that operator becomes too great to
reliably perform. With two operators collaborating remotely, communication between them presents
an obstacle to overcome. Without the physical cues from being co-located, all communications
could be made verbally but would add an impractical amount of additional tasks.

The solution in these analyses was to provide support for crew crosschecks through automated
notifications of any operator-initiated changes of the aircraft and shift routine setting tasks to
automation. Automation would also act as a “good crew member” by reminding the human
operators to attend to items that automation recognizes have not been attended to for a period of
time. ConOps specifically relating to DA handoffs and DA changes in roles need to be firmly
defined to increase the effectiveness of a ground-based FO. Along with some projected
advancements in automation to perform basic uploading from ATC functions, tasks being assumed
by all three entities (OBP, GO, and automation) rather than just the OBP alone, will help to alleviate
task overload on any single operator—especially in the case of any significant and/or unexpected
event. The data derived from these task analyses support these conclusions.

17



4.0 Future Research

The SPO scenarios defined thus far represent two flight conditions and two potential ways of
assigning tasks between entities in a SPO environment. Next steps could include refinement of the
existing task analysis based on additional SME evaluations, as well as extending the task analysis to
better define the GO roles and responsibilities. A GO-centric analysis may reveal needs that have not
yet been defined. The GO-as-dispatch and GO-as-ground-based-FO tasks have not been adequately
defined for analysis as they are entirely new roles, and never before studied. Modifications to the
existing scenarios include dissecting the FY 14 GO tasks to a finer level of detail, and possibly the
impact of requesting DA at the beginning of the GO shift, or shift-start compared to DA at when
crew are in the middle of their shift, or mid-shift. To accomplish this, a shift-based task analysis of
the GO that includes likely tasks, task allocations, and task workloads for a specific period of time
would need to be created. The tasks in the FY15 will be designed to parallel future FDDRL studies
via communication/collaboration between teams. There will be an impact assessment of required
and time-critical flight crew and ATC tasks under SPO technologies and procedures. Impact will be
measured by task count and associated task workload changes and the number of task conflicts.
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Appendix A. Task Decomposition Spreadsheet (Current Day Nominal)

Current Day - Nominal
DEN ILS RWY 16L
800' Cloud Ceiling

Category D
Altitude Alrport Pilot Flying F lvin Pilot NOT Fiying NQT Flyin FD Automation AlC Dispatch 1
Distance (CA) (FO) (cues)
Continuous tasks: Build a comman | Confinuous tasks: Build a common Continuous Tasks: Maintain
Prior to Final Descent schema - mainly at cross checks. schema - mainly at cross checks. Continuous tasks: Maintain company schedule efficency. POC
Auditory and Instrument Monitor | Auditory and Instrument Monitor separation between AC and other entities.
(continue to TD) (continue to TD) Route adjustments and umﬂn&
Pre-Amval briefing. (Taxi Chart, taxi
route, gate, flaps, target landing Monitor PF Pre-Arrival Briefing.
speed, descent speed, brake settings, Crosscheck.
time of year, geographic position)
Briefs GSO about procedures and
techniques. Say "I'm going to use full Listen.
reverse on this landing."
Listen. Say "Roger"
Get ATIS. Load expected
approach/arrival info (Airport,
Crosscheck. runway, altimeter, target speed,
landing flaps, DH, frequencies.)
Notify.
CHosSeleaE, Set radio and n:"mgmmn frequencies
and final course
If good captain & threat is evident. .. Discuss the threat,
1f good vaplain & '.’"W.' tevdantiy If good captain & threat is evident...
Preload alternatives into FMS.
2 3 ) Crosscheck.
Say "Preloading alternate ___into Say "Roger."
FMS." i
Flltum Crosscheck. Read: Approach descent checklist
TOD
37,000 S::')‘NI;;; Crosscheck. Set Altitude.

Listen to ATC

Listen to ATC

Say “United 573 contact Denver
Center, 133.95"

Crosscheck.

Say "Umited 573, Denver Center,
133.95"

Crosscheck.,

Set radio frequency to 133.95 for
Denver Center

Crosscheck.

Say "Denver Center, United 573
descending through 240"

Listen to ATC
Crosscheck.

Listen to ATC
Crosscheck.

Say “United 573; Denver Center,
descend and maintain 17 thousand;
Expect ILS RW 16L; Denver
altimeter 29.57"

CA crosscheck.
If Schema not correct, get ATIS &
amend Approach briefing,

Crosscheck.

Say “United 573 descending to 17
thousand, 29.57"

Set 2 Altumeters.

Set | Altmeter.

Crosscheck.

Crosscheck.

Lav Alert

Speak w/ Dispatch
"Forward lavratory is leaking"

Listen
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Appendix A. Task Decomposition Spreadsheet (Current Day Nominal)

Speak w/ FO (NASAO1)

Listen Listen Confirm request: Maintenance
Problem
Speak w/ FO (NASAO1)
b 0% Safety inquiry:
AN imn Maintenance Problem
"Do you have any safety concerns?"
Speak w/ Dispatch
"No, have maintenance ready on the Listen
ground at DEN."
Speak w/ Maintenance (NASAO1)
Speak w/ FO (NASAO1)
Listen Libten Relay Resolution:
e i "Maintenance will you meet you at
the gate"
\
12 :ss;:ﬂ:cL 74 nm Crosscheck. Turn on exterior lights
9"
Crosscheck. Check Pressurization.
Check Altimeters as completed on
approach descent checklist. If
Listen. 777/787 observe ECL items are green,
Say "Altimeters are set to 29.57.
Approach descent checklist complete”
Say "United 573, Fly heading 218,
cleared direct PHLAT, direct KIPPR,
11,650 AGL 61 nm Listen to ATC Listen to ATC direct Denver, descend and maintain
10,000, expect runway 16L ILS
approach to Denver.”
Say "Roger, United 573, 218, direct to
Crosscheck PHLAT, direct DEN, descend and
% : maintain 10,000, expect runway 16L
approach."
Crosscheck. Set Altitude,
Listen to ATC Listen to ATC Say [United 573 contact ln)cnvcr
Approach on 119.3.
Crosscheck Say "Roger, United 573, 119.3."
bk Set radio frequency to 119.3 for
e Denver Approach
Sav "Denver 7 ac ted 5
Crosschieck. Say "Denver Appro.uh? United 3 "H
one zero thousand with Alpha.
: . "Roge: ited 5 o3 F
4,650' AGL 40 nm Listen to ATC Listen to ATC Say "Roger, United 573. descend and

maintain flight level 8000"

Listen

Say "Roger, 8000 for United 573"

Crosscheck.

Set Alttude

Listen to ATC

Listen to ATC

Say "United 573, turn left heading
270, base leg."

Listen.

Say "Roger, heading 270, base leg,
United 573"

Crosscheck.

Set Heading

Command "Flaps 1"

Listen,

Reach flap lever.

“rosscheck.
Crosscheck Set flaps to 1.
Speed set (210) Speed confirm (210)
Command "Flaps 5" Listen.

22




Appendix A. Task Decomposition Spreadsheet (Current Day Nominal)

Crosscheck,

Reach flap lever.
Set flaps to 5.

Listen to ATC

Listen to ATC

Say "United 573, tum left heading
200. maintain 7,000 until established.
Maintain 180 kts to LEETS, contact
tower on 135.3"

Say "Roger, left 200, 7,000 until
established and 180 until LEETS,

o) contacting Tower at 135.3, United
573"
Crosscheck, Set Heading
Crosscheck. Set Altitude.

Crosscheck.

Arm Approach Mode

Crosscheck.,

Confirm FMA display reads expected

Crosscheck.

Set radio frequency to 135.3 for
Denver Tower

2,650'AGL | 32nom

Command "Flaps 15"

Listen,

Crosscheck.

Reach flap lever.
Set flaps to 15.

Speed set (180)

Speed confirm (180)

Listen.

Say "Denver Tower, United 573
turning Final for the ILS 16L
approach.”

Listen to ATC

Listen to ATC

Say "United 573, cleared for the ILS
16L approach.”

Listen.

Say "Roger, cleared for ILS 16L,
United 573"

Disconnect autopilot.

Aural alert.

Command "Gear Down, Landing

checklist” Lo
Crosscheck. Set landing gear
Speed set (146) Speed confirm (146)
CA Arm speed brake. FO Crosscheck.
Confirm "TDZE set” Set TDZE
Command "Flaps 20" Listen.

Crosscheck.

Reach flap lever.
Set flaps to 20.

1,650'AGL |~ 7 nm

Glideslope capture

Confirm capture

Crosscheck.

Confirm FMA display reads:
LOC & G/S

Command "Flaps 25"

Listen.

Crosscheck.

Reach flap lever,
Set flaps to 25.

Command "Flaps 30"

Listen,

Crosscheck.

Reach flap lever,
Set flaps to 30.

Crosscheck.

Complete landing checklist.
Say "Landing Checklist complete”

Crosscheck.

Say "Tower, United 573 for RWY one
six left"

Listen to ATC

Listen to ATC

Say "United 573 cleared to land
RWY one six left”

LO00'AGL | 3.9nm

Listen,

Listen.

Say "Roger, cleared to land RWY one
six for United 573"
Say "1000 feet"

Check stabilized

approach status

Acquire runway

Say "Runway in sight"

Confirm.
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Appendix A. Task Decomposition Spreadsheet (Current Day Nominal)

Listen. Say "Approaching DH"
500'AGL | ~1.5nm Listen. "500 feet"
Recheck stabilized approach status

Listen., "100™

Listen. "50"

Listen, "30"

Listen. "20"

Listen. "10"

Touchdown
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Appendix B. Task Decomposition Spreadsheet (Current Off-Day Nominal)

Current Day - Off-Nominal
Divert to: CYS ILS RWY 27L
800" Cloud Ceiling

Listen to ATC

Listen to ATC

Category D
: Airport Pilot Flying Pilot NOT Flying . < %
Altitude Dislzm:c (CA) (FO) FD Automation ATC Dispatch 1
Continuous tasks: Build a common | Continuous tasks: Build a common Continuous Tasks: Maintain
Prior to Final Descent schema - mainly at cross checks. schema - mainly at cross checks. Continuous tasks: Maintain company schedule efficency, POC
Auditory and Instrument Monitor | Auditory and Instrument Monitor separation between AC and other entities.
(continue to TD) (continue to TD) Route adjustments and remdn&
Pre-Amival briefing. (Taxi Chart, taxi
route, gate, flaps, target landing Monitor PF Pre-Arrival Briefing.
speed, descent speed, brake settings, Crosscheck.
time of year, geographic position)
Briefs GSO about procedures and
techniques. Say "I'm going to use full Listen.
reverse on this landing.”
Listen, Say "Roger”
Get ATIS. Load expected
Crosschisek. approuch"n.rri\'al info (Airport,
runway, altimeter, target speed,
landing flaps, DH, frequencies.)
Notify.
Crossihiael. Set radio and n.:u'ig;nion frequencies
and final course
If good captain & threat is evident...
If good caprain & lIr.rcaI is evident... If good captain & threat is evident. ..
Preload CYS into FMS. C Rl
z 1t rosscheck.
Say "Preloading Cheyenne into Say "Roger."
FMS."
~_Irl()0;m Crosscheck. Read: Approach descent checklist
37,0000 S,loD‘NnEl; Crosscheck. Set Altitude.
Say “United 573 contact Denver
Center, 133.95"

Crosscheck.

Say "United 573, Denver Center,
133.95"

Crosscheck.

Set radio frequency to 133.95 for
Denver Center

Crosscheck.

Say "Denver Center, United 573
descending through 240"

Crosscheck.

Crosscheck.

Say “United 573; Denver Center,

descend and maintain 17 thousand;

Expect ILS RW 16L: Denver
altimeter 29.57"

CA crosscheck.
If Schema not correct, get ATIS &

amend Approach bricfing.
Listen to ATC command.

Listen to ATC command.

Crosscheck.

Say “United 573 descending to 17
thousand, 29.57"

Set 2 Altimeters.

Set 1 Altimeter.

Crosscheck.

Crosscheck.

Lav Alert

Listen

Speak w/ Dispatch

"Forward lavratory is leaking"
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Appendix B. Task Decomposition Spreadsheet (Current Off-Day Nominal)

Speak w/ FO (NASAO1)
Listen Listen Confirm request: Maintenance
Problem
Speak w/ FO (NASA01)
L TS Safety inquiry:
Listen L. Maintenance Problem
"Do you have any safety concerns?"
Speak w/ Dispatch
"No, have maintenance ready on the Listen
ground at DEN."
Speak w/ Maintenance (NASAO1)
Speak w/ FO (NASAO01)
Listen Listen s Relay, R.csolulion:
"Maintenance will you meet you at
the gate"
"
ll,;:,:'o:cl. 74 nm Crosscheck. Tum on exterior lights
Crosscheck. Check Pressurization.
Say "All aircraft, Microburst alert
Listen to ATC Listen to ATC wt Denver, upprenchius are
temporally discontinued, expect
holding for all runways"
CrossaRect:. Load prim:ar,\:a!l{cmnlc Airport
(CYS).
Discuss probable hold locations & pattern. Discuss fuel state and calculate
Crosscheck. Pre-load probable hold into CDU
Locate all alternate approach plates.
Discuss Alternate 1 (CYS) (distance/time/fuel/CAT/ATIS) (x2)
Action,
Action.
Discuss Alternate 2 (distance/time/fuel/CAT/ATIS) (x2)
Action,
Action.
Discuss Alternate 3 (distance/time/fuel/CAT/ATIS) (x2)
Action,
Action.
Say “United 573, hold North of
LANDR on 216 radial, lefi-hand
Listen to ATC Listen to ATC turns. Maintain one seven thousand,
expect further clearance in one zero
(10) minutes”
Decide on Cheyenne (CYS) as the alterate. Discuss fuel state and calculate
10.879' AGL G endurance for a hold with CYS as new destination. (Find bum to CYS.

Desired CYS landing fuel. Current burn rate. Time/fuel remaining.
Crosscheck.)

Listen Say "United 573 maintaining 17,000,
STy will hold at LANDR"
e ; Say "Denver Center, United 573 at
Crosscheck.

Crosscheck.

LANDR, time 15, 17,000™
Execute hold.

Listen to ATC

Decide to divert to CYS (the Decide

Listen to ATC

Say "All aircraft, Tower evacuated
due to funnel cloud sighting, divert to
other airports."

CA: Vahdates / in agreement with

mental map
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Appendix B. Task Decomposition Spreadsheet (Current Off-Day Nominal)

Action,

Action,

Listen.

"Denver Center, United 573 request
IFR clearance to Cheyenne via direct”

Listen to ATC

Listen to ATC

"United 573 standby" "United 573
cleared to Cheyenne via direct GILL,
direct Cheyennne”

Say "Roger, direct GILL, direct

Einen: Cheyenne, United 573."
Load CYS as new destination in
CDU. Get ATIS. Build a route, Load
expected Approach/Arrival
Crosscheck. Information: Airport, Runway,

Altimeter, Speed changes, landing
flaps, DH, frequencies. Load
LNAV/VNAV.

CA: Validates / in agreement with

mental map

Monitor PF Pre-Arrival Briefing.

Crosscheck.

Pre-Arrival briefing. (Taxi Chart, taxi
route, gate, flaps, target landing
speed, descent speed, brake settings.

Listen to ATC

Listen to ATC

Say "United 573 Fly heading 281
GILL, maintain one seven thousand”

Crosscheck.

Say "Roger, United 573, 281 to GILL,
maintaining 17,000."

Listen to ATC

Listen to ATC

Say "United 573, Fly heading 350,
Cleared direct HAMER, direct CYS,
descend and maintain 10,000, expect

runway 27 approach to CYS;
Cheyenne altimeter 28,15"

Say "Roger, United 573, 350, direct to
HAMER, direct CYS, descend and

Chethec: maintain 10,000, expect runway 27

approach; altimeter 28.15"
Crosscheck. Execute route.
Crosscheck. Exit hold,

CA crosscheck.

If Schema not correct, get ATIS &
amend Approach briefing,

Set 2 Altimeters.

Set I Altimeter.

573, one zero thousand with Alpha.”

Crosscheck. Crosscheck.
Say "Denver Center, United 573,
10,879' AGL| ~70 nm Listen. Unable, minimum fuel. Request
emergency clearance to o]
Say "United 573 cleared to .
Listen to ATC Listen to ATC Descend and maintain 10,000
Contact on ### #H"
NGRS S Say "Roger, United 573, cleared to
Ciomciect , descending to 10,0007, ### #4"
: . Say "United 573 contact Cheyenne
. stel ste:
3,879' AGL 49 nm Listen to ATC Listen to ATC Approach on 124.55"
Crosscheck. Say "Roger, United 573, 124.55"
Ret re reauenc 54 55 ¢
Crosscheck. Set mdl.u frequency to 124.55 for
Cheyenne Approach
Listen. Say "Cheyenne Approach, United
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Appendix B. Task Decomposition Spreadsheet (Current Off-Day Nominal)

Listen to ATC

Listen to ATC

Say "Roger, United 573. descend and
maintain flight level 9000"

Crosscheck.

Say "Roger, 9000 for United 573"

Crosscheck.

Set Altitude.

2,879 AGL 15 0m

Listen to ATC

Listen to ATC

Say "United 573, turn left heading
350, base leg."

Crosscheck.

Say "Roger, heading 350, base leg,
United 573"

Crosscheck.

Set Heading

Command "Flaps 1"

Listen.

Crosscheck.

Reach flap lever.
Set flaps to 1.

Speed confirm (210)

Speed set (210)

Command "Flaps 5"

Listen.

Crosscheck.

Reach flap lever.
Set flaps to 5.

Listen to ATC

Listen to ATC

Say "United 573, turn left heading
280, maintain 7,800 until established.
Maintain 180 kts to ZUNUG, contact
tower on 118.7"

Say "Roger, left 280, 7,800 until
established and 180 until ZUNUG,

i contacting Tower at 118.7, United
573"
Crosscheck. Set Heading
Crosscheck. Set Altitude.
Crosscheck. Arm Approach Mode
Crosscheck. Confirm FMA display reads expected
Crosscheck Set radio frequency to 118.7 for
rosscheck.

Cheyenne Tower

1,679'AGL | 15nm

Command "Flaps 15"

Listen.

Crosscheck.

Reach flap lever.
Set flaps to 15.

Speed confirm (180)

Speed set (180)

Listen.

Say "Cheyenne Tower, United 573
turning Final for the ILS 27L
approach."

Listen to ATC

Listen to ATC

Say "United 573, cleared for the ILS
27L approach.”

Listen,

Say "Roger, cleared for ILS 27L,
United 573"

Disconnect autopilot.

Aural alert.

Command "Gear Down, Landing

checklist” LiNe,
Crosscheck. Set landing gear
Speed confirm ( 146) Speed set (146)
CA Arm speed brake. FO Crosscheck.
Confirm "TDZE set" Set TDZE
Command "Flaps 20" Listen.

Crosscheck.

Reach flap lever.
Set flaps to 20.

1,679'AGL | 5.1nm

Glideslope capture

Confirm capture

Crosscheck.

Confirm FMA display reads:
LOC & G/S

Command "Flaps 25"

Listen.

Crosscheck.

Reach flap lever.
Set flaps to 25.

Command "Flaps 30"

Listen.
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Appendix B. Task Decomposition Spreadsheet (Current Off-Day Nominal)

Reach flap lever.

Crosscheck.
e Set flaps to 30.
- Complete landing checklist.
Crosscheck. X .
ossenee Say "Landing Checklist complete”
TR Say "Tower, United 573 for RWY two
Crosscheck. 5
seven left
n , . Say "United 573 cleared to land
Listen to AT Listen to ATC
isten to ATC isten 1o £ RWY 1o seven loft"
i Say "Roger, cleared to land RWY two
Listen.

seven for United 573"

1L000'AGL | 39 0m Listen. Say "1000 feet”

Check stabilized approach status

Acquire runway

Say "Runway in sight" Confirm.

Listen. Say "Approaching DH"

S00'AGL | ~Inm Listen, 500 feet”
Recheck stabilized approach status

Listen, "100™

Listen, "50"

Listen., "30"

Listen. "20"

Listen, "10"

Touchdown
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Appendix C. Task Decomposition Spreadsheet (SPO Hybrid Nominal)

SPOUT Mybrid - Nominal
NASAOI DEN ILS RWY 16
00" Cloud Celling
Category D
NASAS! Pre TOD - TD
GOM 1ix) - tiy)

Pilot NOT

Pilot NOT Flying Filst NOT
Grownd Operator (Hybrid) 1

Ground Operator (Hybrid) 2

Flight Deck Automation (NASAOT)

Filot Flying
Om-Board Pt NASADT (CA) Grosad Automatien |

Pilet NOT Flying
Ground Operstor (Hybrsd) 3

Pre-Arnival brselmgcheckim (Taxi
landing spoed, doscent spoed, beake
settings, e of year, peogeaphic
psition)
G ATIS. Uplink % FD. expected
approschiarrival info (Airpore.
rutway, altimcter, larpet speed,
landiny (laps, DH, frequencics.)
Crowschock auto info Luten
Execute auo info Scan Sereen: Tails Staves.
Scan Screcn: Lads
Review Fuel levels () ""'ﬁii:_’_
Foee— m A
Review Fuel levess ()
Review Weather ()
Review Foel levels ()
Review Weather ()
Review Foel levels ()
Review Weather ()
U goend captain & trvat is evident
3 ko) %
s “_ g I‘. 4o FMS. Review Fuel levels ( NASAOL)
. FMS” el
~1onm Retmind =
TOD Approach deveent checklist ehecklist Review Weather (NASA®L)
Execute Altitade. Send o ground ssto Scan Screen: Tails Staten Update kafo (NASAOL)
z Say "NASADT comtact Scroen: Tails Management
Listen 1o ATC Pre-load ATC info Deriver Center, 13398 Secan S Tails
Say 'I\ASAI(I’Ii ”lh-w. Center. Listen
Cromcheck asto infor Speak wi OBP ()
Raso Discwns: Wheel chairs
Fxecete Find Gate Inforsation ()
Say “Demver Center. NASAOL bl
doscasding Weiong 290 Discuss: Wheelchains ()
Certer, descend and s
rsrelrdil Pre-tood ATC inf maintain |7 Gousand; Fcapalbiintt
= Expect ILS RW 161;
Deover altiscter 29 57
CA crosscheck.
1F Schema not correct, pot ATIS & Review Fuel bevels ()
amend h beiefing checklist ST
¥ RASAI o1 "
2057 sty Review Weather () Update lafo (NASADI)
Crosscheck auto info: Atimeters Scan Screen: Tails Staves. A:ﬂ‘:;”a ;:_’“
Tas | Gt ot o T T L
Crosscheck wato 1nfo: AINNGdE wel leveds ||
— T — s S T —— T L
Scan Screen: Tails Stavus.
w L
“Forward lavratory s leaking”
' ( )
Lasten Coafin request: Maistenance
Problem
Speah w OBP (NASAO1)
Safety isquiry:
U Maimenance Problem
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Appendix C. Task Decomposition Spreadsheet (SPO Hybrid Nominal)

Spoak w GO
"No, kave maimcnunce ready s the
EIDI’.N.'

Remind:
Pressarization
Check peessurization
“Tam on extenion lights
Notify
Crosscheck Lights
NASAOL EE
heading 218, cleared
disect PHLAT, direct
KIPPR, direct Denver,
Listen 1o ATC Pre-load ATC info Aol s astiiin
10,000, expect runway
16LILS apgecach to
Desver ™
Say "Rogez, Unsted $73, 21R, desect
10 PHLAT, direct DEN, descend and
maintain 10,000, expect mmway 161
Taocune Aloaade Sl ground s
Frecute Neading » =
oy "NASAOT contact
Listen 10 ATC Denver o
193"
Say “Roger. Unned $75. 119.3.7
Execute Radio Send to ground ssto
["Say “Dieaver Appeoach, Uniied 313,
one zevo thousand with -
5 mml
Listen to ATC Pre-foad ATC info descend and maimain
Say “Roger. beadag 130, base leg,
NASAOL*
Crosscheck AUTO info
Exccute Heading Send %o ground st s
Remind:
. Flpa
Reach snd vet wl
Setspecd (210)
Remind
e Flaps §
Reach and set !‘_’E S
Say "NASADL, parn feft
200, maitain
7,000 uesil established.
Listen to ATC Pre-load ATC info ‘Maintsin 150 ks 80
LEETS, coatact sower on
135.3°
Sy Roger. headmg 290, baw Iy,

United 573

31

Discuss: Gate Connecton Solutios

Comm: Reservation coondisssor

Discuss Gate Conmections ()

Scan Screen; Tails Staten

e ]
hing ()

Review Foel Levels ()

Scan Screen: Tails Stares

[ Scan Screew: Tails Managemest

Review Altnade & Heading ()

Review Foel levels ()

Review Weather ()
& Heading (

Review Feel levels ()

Review Weatber ()

Review Weather ()

Scan Scroen: Tails Staten

Scan Screem: Tails Managoment

Review Alstade & Meading ()

Review Focl leveds ()
Review Woather ()

Scan Seroen: |ails States
Scan Screen: Tails Management

[ Discuss: Toel tures ()

Scan Screen Tals Managemens

Review Fuel levels ()
Review Weather ()

Scan Screen: Tails Staves

Scan Screes: Tads Management
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Appendix C. Task Decomposition Spreadsheet (SPO Hybrid Nominal)

Say "Cheyemae Tower, NASAOL
trsng Final for the
ILS 271 sppeoach *

Review Focl levels ()

Listen 10 ATC

Say "NASADI, cleared for

e ILS 164, approach *

Review Weather ()

Say “Rogee, cheared for ILS 270,
NASAOL"

Scan Scrocn: Tails Statws

w 0
Discuss: Secwrity informataon

0: Tails Statws

Socak w OWF ()

Discuss: Fuoel thml
; o fue!

T e R ]

Scam Scroen: Tails States.

Scan Screew: Tails Management

Prepare Outhound for rekease

Check weather ()
Trepare Oubousd for 100ease
Cheek i 0

Scroen: Tails

Scan Screen: Tails Management

Review Weatber ()

Review Alttude & Heading ()

Review Foel Jevels ()

Review Foel levels ()

Review Wnltkfls
Heview Alutude & H g0

[;ml ﬂm L3
Liston .
Lunding pewr
St landmg ges
Set speod (146)
CA A ‘HH
L Kemind
Flaps 20
Send o ground wsto
LOC & G'S
1 Remind:
Flaps 2§
Reach and set flaps 1o 28,
Remind
o= Flags 30
[ Weoch and v flaps 1o 10
Kemind:
Landing checklist
E‘Ea- El <heckiist :?‘_nﬂm
Say “Tower. NASAOL 7Y two
seven left”
oy “NASADI cleated w0 |
Listen 10 ATC fand RWY
oue six left”
Say “Roger, cheared 10 land RWY two.
seven for NASAO I
Lasten 1,000 feer™
Rogerey e
“Aj DH”
| Lasten Jeet”
Recheck stabilized ;ﬂn stafus
1o
Tisten =50~
Lsten ~30°
Listen 2
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Appendix D. Task Decomposition Spreadsheet (SPO Off-Hybrid Nominal)

SPOUE Hybrsd - Off-Neminal
OUS Divert toc CYS ILS RWY 271

NASASI Pre TOD - TD
GO tix) - iy}

Filot Fiylag
- Board Pilet NASADI (CA)

Pre-Arnival brsefamg checkim (Tax

landing spoed, dovcent speed, beake

settings, tase of year, peogeaphic
position)

Flight Deck Automation (NASAO1)

Pilot NOT Flying
Grownd Operater (Hybrid) 1

Grousd Automatiea |

GAATIS. Uplnk o FD, expectod
approschiarival info (Aupore,
ruway, altimcter, Lapet speed,
landing (laps, DH, frequencics.)

Nrify

Crowscheck suto info

Execute auto nfo

Scan Sereen: Tails Staves

Scan Screcw:

Review Puel levels ()

Remind GO-
Amend 00 AC {

Review Weather ()

Review Foel leves ()

Review Weather ()

Review Foel levels ()

Review Weather ()

Review Foel levels ()

Exccuie andoll (NASADT) 5!)
Disconnect () 1)

7o copiain & vl it
Prefoud sltematives into FMS.
S0y Preoteg s _

Approach dewent checklist

Remind

Approach dowent checkliat

Exccute Altitude.

Send to ground asto

Listen 10 ATC

Pre-load ATC info

Say “NASAD] contact
Denver Center, 133957

Say "NASAOL, Desver Center,
13395°

Say "Demver Center, NASAOL
desconding theough 240

Listen to ATC
Crosscheck.

Pre-foad ATC info

€A crosscheck
1F Scherma not correct, pot ATIS &
amend b beiefing checklist

Speak wi GO

“No, bave maimenance ready on the
ground st DEN.*

Review Weather ()

Review Fuel levels (NASAOL)

Review Weather (NASA®T)

Scan Scroen: Tails Staten

Update ksfo (NASAOT)

Scan Screen: Tasls Management

Laten

Speak w OBP ()
Dincuns: Wheel chairs

Find Gate Inforsation ()

Speak wi Customer
Care Team
Discuss: Wheelchain ()

Speak w OBP:
Relay resolution

Review Foel Jevels ()

Review Weather ()

Scan Scroen Tails Staes
an
eview Foel 0
L [{]

Scan Screen: Tails Staes

Listen

[ Speak w OBF (NASADI)

Coafirm request: Mamtenance
Problem

W OBP | )
Safity inquiry
Maimenance Probbem

"o you have concemns™

33

Pilst NOT

Pilet NOT Fylng
Ground Operator (Hybesd) 3

Ground Autemation 3




Appendix D. Task Decomposition Spreadsheet (SPO Off-Hybrid Nominal)

Speak w Mancrance (NASART)

[~ Discuss Alicrae 1 (CYS)
(distance time fuel CAUATIS) (x2)

Action

[~ Discuss Adiersane 2 (LOE)
(Mo-vu(‘lﬂ'h\fﬁ" (x2)

34

Patch through mamtenance
{cellsboration )
w OBP (N )
= Relay Resolution:
== “Muintceasce will you meet yea at
the
Review Tuel d% TNASAD |
cview 0 il
. "“'""':m Scan Scroen: Tails States "
Lhock peessunzation Scan Screem Tails M,
Tum on extenor lights w-*iwmll
Noti Discuss: Gate Connection Problems
. Speak w/ OBF ()
Croseckeck Lighss Discuss: Gate Connection Solutice
Comm: Reservation coordmans
Discuss Gate Conpections ()
Say AN srcran,
Microburst alen s
T e Denver, spproscdes are Notified of wx 1t DEN, possibic bold
rempoeslly discontinued, and divert (NASAOT)
expect hoding for all
Ty ™
Revicw weather Review Fuel levels (NASAOT)
Review optons Review Weather (NASAOL)
Devide DA 5 neoded Scan Scroen’ Tails States
Say. "DA Request” Titcs DA request (NASAOT)
Review Altituds
(NASADL}
Review Heading
NASAOE )
Speak w! OBP; Condire DA request
NS (NASADI )
Sele A c
Confirm bandofl Haodufl sl sther AC
Laston “Dedicated Assitance™ Tissen
w N 1 can
Listen el
Wi
ahernate spproach plades and check Lasten
W
MWE E
CYSEGE COSGITPUB) H
Toad plates. Send ples 10 NASAUL Scod plates o NASAO s |
Locaie
Reviow plss (CYSEGECOSGITPUB)
Load weather Send. 10 NASAOL Send weather to NASAS] auto
Review weather Review
e
Discuss cursent stale Discuss current siic
Agree oo prelesasury best aliernale Agree ca prelumisay st allcrnate
(©¥s) ©s
Assign dutics: Chart set up, weather
review, ATC communication, Liven,
E Confims deties
Noufy OBP Load primary alernase Asrport (CYS) Notify NASASI suto
Cromchock GO
[ Do probable hold locations & [~ Dwcaess probable b Bocations &
patern. Dincuss focl state and pomern. Discuss focl statc and
cakculate endurance for 3 hold. (Fand cakulate endurance for a bold. (Fad
bum 10 DEN. Desired DEN kanding bumn 10 DEN, Desired DEN knding
foek. Current burn rate. Time fucl foel. Carrem burn rate. Time/fuck
ining Crosscheck ) remaining. Crosscheck.
e RO o e (U | NGy NASAWT 5]
Crosschock GO0




Appendix D. Task Decomposition Spreadsheet (SPO Off-Hybrid Nominal)

Say "NASADL hold
Noeth of LANDR o0 216
radal, befi-hand e
Listen to ATC Pre-load ATC info Maintain oo seven
heusand, evpest further
cAearance i one 2cvo (10)
misutes”
ST
Say ~ W awrcral, Tower
evacuaned due 1o funnel
e <loud sighting, divert o
other wieports.”
[ Docde 1o divert 10 CY S (Ihe Decade
prece reguires that allemases are
removed froms consideration by a
poocess of climinaion - weathes,
destance 10 land, sad fuel).
Execule Altemate | Plas
A 70 agrecment
L
Action
Listen,
Cresscheck GO
"NASAOE standby™
"NASAOT chessed 10
Listen 1o ATC Pre-load ATC info Cheyenno via direct
GILL, direct Cheyenmc™
T30 CVS s new deatiotion 1o
CDAU. Get ATIS. Build a route, Load
expected ApproachArrival
Infoemation: Awport, Rusway,
Abkimetez, Speed changpes, landing
flaps, DH, froquencies. Load
LNAVANAV Nesity 08P
Trowcheck AUTO info
Execulc route Send 0 ground asto.
CA: Validates | im agrocment with
mcrtal
[Pee-Arval bes a4 Chart, faxi
reule, gate, flaps, target landag
 spoed. dowcent spoed. beake settings. RSASTT ]
mmm
Listen 1o AYC Pre-load ATC info PRI Ay
thowsd™
Listen.
Crosscheck GO
[ Crosscheck AUTO info
[ Taccue Teading Send ground swo
Soy NASAGT. Ty |
beading 350, Cleared
direct HAMER, direct
P : CYS, descend and
Listen to ATC Predosd ATC info maisain 10,000, expect
ramway 27 approsch o
CYS: Cheyenne altimeter
215"
Listen.
Crosscheck GO
[&]
1F Schema not coerect, get ATIS &
amend »
e ST g
Exit hold Send w ground ssto

35

Listen to ATC Pre-load ATC info
[Docide on Cheyomne (CYS) a8 the
ahemate, Discuss fucl stase and
calculate endurance for a hold with
CYS 23 new dostimation. (Find bom
0 CYS. Desired CY'S landing fucl
Current bam rate. Timve fuel
ﬁ‘ (‘nuchck;
EATLAINING 4
will hold at LANDR*
[~ Say “Denver Cemer, NASADI at
LANDR. time 15, 17.000°
ol indo INASAD gt
Listen 10 ATC
[ Diocide 10 devert 10 CYS (the Decade
plece requares that aliernases are
yemsoved foom consideration by &
process of chmmation - weather,
distance 1o land, and flscl).
Execute Altenate | Plan
Action
"Demver Center, NASADL requent
IFR clearssce 10 Cheyenae via direct™
Listen 1o ATC Pre-losd ATC wmfo
ToM VS m bew deatistion i
CDU. Get ATIS. Build a route, Load
expected Approsch/Arival
Information: Asrport, Rusway,
ARimeter. Speod changes, landing
flaps, DH, Frequencies. Load
INAVNRA\KMM.
Cromcheck AUTO nfo
Update Info (NASADI) /Nesify GO
Crosscheck moute
Manitor PF Pee-Amival Bricfing.
Crosscheck
Listen 1o ATC Pre-load ATC info
Say Toger, NASAT, 381 10 GILL,
maintaining 17,000."
Updare Tnfo (NASADT) T et
Listen to ATC Pre-load ATC info
2 5 o
HAMER, direct CYS, descend and
mamtain 10,000, expect renway 27
appeoach: altimceer 28,15~
Crowcheck OBF e —




Appendix D. Task Decomposition Spreadsheet (SPO Off-Hybrid Nominal)

Wbﬁ. o

Flaps 1S

Reach and st [TNES

U]

Y vesae Tower, NASAQ
tursing Final for the

ILS 271 spproach ~

Listen 10 ATC

Say "NASADL. cleaeed for
the ILS 270 appooach.*

Say “Roger, cheared for ILS 271,
NASA0I*

Discounect satopiiot

Aural alert. Send wo ground ssto

Remind
Lasten
Landing e
Set landug pear
Set speed (146)

36

Set 2 cockpil Altmeten St 1 ground Aimeier .
Nﬂz NASADL & GO w GO & NASAOL
 Crowchek AUTOmio | Trowwehock AUTO ko
Faccule Altimcters [ Tocun Alimeter
Ty "NASAD] contact
Listen to ATC Pre-oad ATC info Listen to ATC Pre-foad ATC info
124.55%
o
CI-“OO Say "Roger, NASADI, 12455
[ Crosscheck AUTO info_ [~ Crowchock AUTO info
o
Lisen. 5
Crosscheck () ome zevo Sousand with Alpha *
Say “Roger, NASADL.
Listen to ATC Pre-load ATC info descend and maimain Listen 1o ATC Pre-load ATC info
Lo 9000 for NASAOI®
Crotscheck GO o i
[ Crowsbak AUTO info
Euscute Nt Send w0 grount s Update tafo (NASAOL) [ Neaity GO
Croscheck Allnge
Speak W GO L am ready 10 rolease L
Dedicaied Asssnee™
i Speak wOHP “Conflinming
Dedicated Assestance releane®
wg}mme' e
[~ Tmeract NASADT. N problem,
Send s ground st Update bnfo (NASADT) ' Neaify GO
Say "NASADL, baen left
Pre-load ATC info heading 350, Request AC reosen
e leg ™
Say “Roger, headag 150, bt Ig,
NASADI® Reconve other AC
Crosschock AUTO info Scan Seroen Tails Stz
o g S Seren Tt T T
Listen o Review Focl levels ()
Reach wud set thaps to | Roview Woather ()
GMISIH) Scan ails.
Listen Rewiod; Scan Screen: Tails M,
’1‘ 5 an Screen 's Management
Reach and set flaps 10 3 Keview Fuel levels ()
fayikmol. arn belt
. 7,800 unil established. .
Listen 10 ATC Pre-load ATC info ‘Maioain 180 kts 80 Review Weather ()
ZUNUG, contact tower on
187
Say "Reger, left 250, 7,800 ol
established and 150 until ZUNUG, TP 9 Renund GO:
contacting Tower at 1157, 0 Sovite” v fluins Anend wAC ()
NASADI”
e Sean Screen: Tails Mansgement
Execule Alisade Send 80 ground asto Review Foel levels () U&Hoilusuli
Crosscheck auto info:
Heading
Execute Healing Send to ground sdto Review Weather () plate k=fo (NASAOT)
Lisod Remind:
A b mede
Arm Approach Mode &du%—» Scan Scroen’ Taily Stabes Update kfo (NASAOT)
Coafinm FMA reads s cipecied Scan Screen: Tails Managemeat
oy o Review Foclkevels ()
F.l«-:r-dn; g Review Weather () Update ksfo )

Scan Scroen: Tails States.

Scan Sereen: TJ-.W
new o 1

Review Weather ()

Review Alttude & Heading ()

Identity relevant A
Scan Screen: Tails Staves

Scan Screen: Tails Management

Speak w/ OBP ()

Discuss: Security information




Appendix D. Task Decomposition Spreadsheet (SPO Off-Hybrid Nominal)

CA A speed beake
Set TDZE
Remind
- Flga 0
Reach and set 10 20,
G Send w0 ground st
Confiem FMA display roads
LOC & G'S
Remind
- Flaps 25
Reach and st Mlaps to 25,
Remind
Laten Fliga 30
Reach and set Mlags 10 30,
Remind
Lanfing checkliat
checklat ot
. NA wo
seven left”
-
Listen to ATC Jond RWY
tuo seven lefi”

oy Roger. cheared 0 lamd KW Y w0
seven foe NASAO1®

Acquire nunwary

Send %o ground weto

| Recheck susbilized gt s

37

Scan Screen: Tails Staces

Scan Screes Tails Mansgencst
Lasten

Spoak w OBP (]
Discuss: Fuel t

Cakulite fuel iemp

Send seat revslts min fucd temp ()
Scan Scroen: Tails Staten

Update k=% (NASADT)

Scan Screen Tails Management

Nowify: New Outbosnd ()

Trcpare Oubusd for roicase

Scan Scroen: Tails Statwn

Rermind GO
Anend o AC ()

Scan Screem: Tails Management

Scan Scroen: Tails Statwn

Scan Screen: Tuls Managemost

Spoak wi OBF ()
Discuss: Gate Connection Problem

omm: Reservation '
Discuss Gate Coanections ()

Update lafo (NASADT)

s A & it
Tt (T (s

cview i ]
Scan Screen: Tails

Scan Screes: rm.:_nm
Review Foe ofs ()
F— et

Review Weather ()




Appendix E. Task Decomposition Spreadsheet (SPO Specialist Nominal)

SPOLI Speciatist - Nominal
NASAOI DEN ILS RWY 16
300° Cloud Celling

n

Category
NASAO! Pre TOD - TD
GOU 1(x) - Hy)

Ground Autemation 3

Flight Deck Automation (NASAOT)

beaclang chockiist ( Taxl
Chare, taxd touse, pate, Maps, taget
landing spoed, doscent spoed, beake
settings, tase of year, peogeaphic
pesition)

Pilot NOT Flying
Grownd Operater (Hybrid) 1

Growsd Automatien |

NOT
(Hyhrid) 2

Ground

Get ATIS. Uplink %o FD; expectod

approschiarrival info (Airpore.

ruway, altimcter, Larget speed,

landayg Maps, DH, frequencio. )
Nots

ity

Crowscheck sato info
e Remind GO
Exetute auto mfo Scan Scroen: Tails Staten AseodBACH
Scan Screea: Taids Managemest
Review Foel levels ()
Review Weather ()
Review Fuel leves ()
Review Weather ()
Review Foel leves (1
Review Weathet ()
mwﬁm—at! Review Foel levels (1
[B 1) Review Weather ()
RO Captain & hreel 12 evlent
Prefoad slematives lnto FMS,
Sy Pertaaag Ahtat -y Review Fuel levels (NASADL)
= FMS~
Apprusch doveesd checklist kvinders Review Weather (NASA®H)
Approach descert checklist
Execute Altitude, Send 1 pround sty Scan Sercen: Tuils Statwn Update lafo (NASA0T)
2 Say "NASAD] costaet :
Listen 10 ATC Pre-load ATC info Dot Catbie 1335 Scan Scroen: Tails Managemest
Sa 'NAMIO;i”D?vu Cenner. Lten
Cromcheck ao ko Speak w OBF ()
Raso Y Discws: Wheel chairs
Frocene Find Gate Inforsation (1
Say “Demver Center, NASAOL S Ot
o 240 Care Team
desconding theough Discuss: Wheelchain ()
Say “NASADT; Demver |
d Fxpect ILS RW 161 v
Doaver altimcter 29 57"
CA crosscheck.
1f Schema not correct, got ATIS & Review Fuel levels ()
amend h beiefing checklist —
Sy ”ﬁEAﬁ ﬁ% w17 "
Gousand, 2957 Neoiy. Roview Weather () Update lafo (NASAO1)
Scan Scroen: Tails Stabas.

Trosscheck suto info; ARimeters

ST T

Pilst NOT Flying
Ground Operator (Hybesd) 3

Ascute Altimeters
Crosscheck meto info: AlTTGdE el 0
— T — ST g — L r—
w
“Forward i e
W OBP( )
Lk Coafim request: Maistenance
Problem
[ Speak w OBF (NASADT)
e Safey inguiryt:
Maintenance Problem
“Do you have coacems ™
w
*No, bave maimenance roudy o the Lasten
ground at DEN."

38



ey

Appendix E. Task Decomposition Spreadsheet (SPO Specialist Nominal)

Remind

Turn on extenor lights
Noti!

Listen 10 ATC

Pre-hoad ATC info

Say “Rogee, Unied 373, 218, dect

10 PHLAT, direct DEN, descend and

maintain 10,000, expect rumway 161
h*

Execule Altsade Send o ground ssto
e ety LT
Say “NASADT contact
Listen 10 ATC Denver. o
19.3*
[ Soy “Rogee Umed 575 1193
Exccute Radio Send w0 ground asto
Say "Desver Appeoach, Unsted 573,
one zeso thousand with 2
Listens 10 ATC Pre-load ATC iafo
Say “Roger, heading 350, b Ioy,
NASAOI*
Crosscheck AUTO info
Say NASADT, tarn |
Execute Heading Send o ground asto heading 270, base leg ™
Listen u"""":
Reach s wet flaps o |
Sepest 310
Listen g"z
Reach and st % [}
Cisten 10 Al Pre-load ATC info
Listen to A Preboad ATC info
Say “Roger. beading 270, base log.
United §73°
Crosscheck wuo info:
Altitude
T ARt ST g

Cross! a0 nfo

Radio

g Am h mode

mﬁh.ﬂn& Eu%m
Cealfirm 5 )
“rosscheck auto info:

ﬁ_‘é«#

Flaps 18

mnumkwu

Set (130,

Say "Cheyense Tower, NASADT
tunsng Final for the

ILS 271 appeosch ©

39

0
ctaon Problom

w 0
Discuss: Gate Connectaon Soluticn

Comm: Reservation

Discuss Gate Connections ()

Scan Sereen: Tails Staves.

Remund GO:
Amend to AC ()

Scan Screes: Tadds

Review Alutade & g0

Review Fuel Levels ()

Review Weather ()

Scan Scroen: Tails Staten

Scan Sareen Tails Managemest

Review Alsnade & Heading ()

Review Focl levels ()

Scan Screem: Tails Managemont

Review Alttado & Heading ()

[ Review Toel levels 1)

Review Weather ()

Scan Seroen: Tails Staves

Scan Screem: Tuils Management

™ Discuss: Tuel T fures (0
Son Serven: Tatls Sisees

Scan Screen: Tadds Management

Review Poel levels ()

Review Weather ()

Scan Screen: Tails Statws

[ oin Serees Tas Munsgemest

Review Foel levels ()




Appendix E. Task Decomposition Spreadsheet (SPO Specialist Nominal)

Listen 10 ATC

Say "NASAOL, clewead for
e ILS 164 sppeoach *

Say “Roger, chearad for ILS 271,
NASADI®

Disconnect astopilot

Aural alert. Send W ground wsto
ind

Landing pear
S kaodieg gess
St speod ( 146)
CA Am ﬁ beake
Listcn “""":,
Flaps 2
Ticach and vet llags 1o 50
Conf ¥
LOC & G'S
Kemind:
— Flags 2
Reach and set flags to 25,
- Figeo
[ Reach and st Tl 1o 10
Remind
Landing checklist
Indxate ﬂ‘ checkiat saﬂm
Say ~Tower, NASAOT two
seven left™
Listen to ATC

Say “Roger. cheared 10 land RWY two
seven foe NASAO1*

40

Scan Screen: Tails Staves.

Scan Screen: Tails Management

Trepare Outhound tor rekcase

Scan Screen: Tadds Management

Review W'muu)

Review Altinade & Heading ()

Review Fael devels ()

Scan Screen: Tails States

Scan Screen: Tals




Appendix F. Task Decomposition Spreadsheet (SPO Specialist Off-Nominal)

SPONI Specialist - OF-Nombnal
O Divert fo: CYS ILS RWY 27

Grousd Operator (Assistant) |

potition)
GAAATIS, Uplink %0 FD. expected
approach arrival info (Airport,
ranway, altimcter, taget spoed,
landing laps, DM, frequoncics. )
Netiy
Crosscheck auto info Lasten
3 i Remind GO
Execute auto info Scan Scroen: Tails Stavws. Anend o AC)
o Srveene Tals Nasapeent
Review Foel levels ()
Review Weather ()
Review Focl levels ()
Rovicw Weather ()
Review Focl leveds ()
Review Weather ()
Review Foel leveds ()
Review Weather ()
Sy “Prcloading shereate __into F7mee e (HASAR)
CPMS
s Approsch descent checklis o Review Weather (NASAD1)
TOD dowcent chocklist
Fxecute Altitode Send to ground wito EGIN SPO 11 scomario events
oy “NASADT contact T
Listen to ATC Denver C: 113,98 Scan Scroen: Tails Stavws.
I, er Center,
13195°
Set Radio.
Say “Denver Center. NASAOL
|___descending dwough 2407
Say "NASADI; Dewver
. Center, descend and
Ry Prebosd ATC info maintain 17 Sousind; Review Foel levels ()
Expect ILS RW 161
Demver altimeser 2957
CA creascdech.
1 Scherma not coerect, get ATIS & Review Weather ()
| amend Appenach bricfingchecktist.
2 5613 Altsmeiers
Say “NASAD! descending o 17 o ) Remind GO
Moukand, 29,57 Noufy. Scan Screen: Tails Staves. Amend AC ()
Send w0 ground seso.
Cromcheck I Allimcten Scan Screce Taibs
Crowchock Alitade Revicw Fucl levels ()
Fxecute Alitade Send o ground wito
Speak W GO
“Farwand lavratory is keaking”
Lasten
Sk w G0
“No, have maimenance ready oa the
ground at DEN."
Laston
Lusten

41

300" Cloud Ceiling
Categery D
NASA®E Pre TOD - TD
GO ox) -ty
NASAOL Pilot Flying Pilot NOT Flying
Alritude On-Board Pitet NASAD] (CA) | THENE Deck Automation (NASAO1L) Growsd Automatien | il A atasiatiod3




Appendix F. Task Decomposition Spreadsheet (SPO Specialist Off-Nominal)

Check pressureration

Toem on exterior hights
Notify

Listen 1o ATC

Say “All wrcraft
Microbarst alort »t
Denver, spproaches are
tempeealty discontimsod
expect holdung for all
unways”

Review weather

Review opbuns

Decide DA 15 deeded

Say. DA Reqocet”

“Dedicated Assistatice™

Laten

Lanten
latroduce

Laiten

Laston

Spenk wi Q0. Locae resevan
alternate spproach plates and check
weather”

Scan Screen: Taks M, cmeat

08P ()

Discuss: Gate Connectaon Solution

Comm: Reservation coordimator
Discuss Gate Connactions ()

[ Notificd of w at DI, possite hold
and divest (NASAO1)

Neriy: W it DEN

Tuel lev ASADS
Review Foel ds‘_N_ll

Roview Weather (NASA®T )

Scan Screen: Tails Staves

Tiston DA roguest (NASAUT L

otifsed of

Review Altitude Revie ﬁnﬂc X
(NASADE) (NASASE) S

Review Heading Review Heading
(NASADL} (NASAST)

I Spesk W/ OBP- Coafins DA request Revw Weather
(NASAR ) (NASADL) TR
Select DA oot Conlirmation o Confirmation
St DA Roguest Confirmation: Reguen Coatmanion |
T Handofl il siher AC

Confirm handafl

!
Toad plates ﬁ%mnu‘/\m Send plaes 10 NASAO1 aino
e weather
(CYSEGECOSGITPUB)
Load weather Send 10 NASAH Scad wealhier 1 NASAOL 1uto
Review
Review w
Duscuss current state
Agree oa Fhmluq best alternate
{CYS) (€YS)
Assign dutics: Chart set up, weather
review. ATC communication, Listen.
devnaca suppuit
Listen Coafirm duties
Noufy OBP Load primasy altersae Airpont (CYS) Netify NASAOI suto
Cromcheck GO
Dt probabic bold hocatioes & Discues prebable holl kocations &
pamiern. Dacu focl satc and pantern. Discuss fuel state and
cakulate endurance for a hold. (Fasd cakulate endurance for 3 bodd. (Fied
bum 10 DEN, Desired DEN landing Bura 1o DEN, Desirad DEN landag
fuet. Current burn eate. Time/fucl fuaed Current baen cate. Teme/fucl
remaming Crosscheck | remaining Crosschock )
Notty OBF Pre-load probable hotd imto CDU
Crowscheck (O
s Al T(CYS) | Dhiscums Aliceraic 1 (CYS)
(distance ume fucl CAT/ATIS) (x2) {(distancetime facl CAT/ATIS) (12}
hon
Action
Discuss Aliersae 2 (FOL) Drscuss Altcrnatc 3 (EOE)
(distanco time Tucl CAT/ATIS) (x2) {distance time facl CAT/ATIS) (x2)
Astion
Action
Discuss Aliernate § (CO8) ™ Diecuss Altcrmate 3 (COS)
!dmml\nl(‘l\f')\!lsul}) ’dmmm‘ul(‘A‘l*AﬂSl(ﬂ)
Action
Action
3y "NASADI, boid
North of LANDR on 216
radial, lefi-hand ssrns.
Listen to ATC Pre-load ATC info Maintain cee seven Listen to ATC Pre-load ATC info
housand, expect furder
chearance in one zero (10)
miagtes™ 0 Fitiiiiiici:

ol a1l sther AC

r docating *
i

e
CYSEGECOSGIT/PUS

42



Appendix F. Task Decomposition Spreadsheet (SPO Specialist Off-Nominal)

Dexide on Cheyoane (CYS) a8 1he Diecide on Oheyense (CYS) a8 the
ahernase. Discuss fucl stase and alhermate. Discuss fiocd state aand
calcsbate endurance for a bold with
CYS as new destination. (Find bum
% CYS. Desired CYS landing fucl.
Current been rate. Time/foel
ining Crosschock.
E'ﬁﬁmm"ﬂ.
will bold at LANDR®
™ Say “Deaver Cemer, NASADT ot
LANDR. time 15, 17.000°
Send w ground owo. Update info (NASADT) | Notify G
Crosschock hold
Say AR awcratt, Tower
evacuased duc 1o fanne!
Listen 1o ATC cloud sighting, divert ¥ Listen tor ATC
other waponts *
Tisen to ATC. Decide 10 divert 10 Tisten 10 ATC Command. Decade 4
CYS (the Decade pioce requires that diven 80 CYS (the Decide picce
<limination :m.udhn: :::um w-b:. i
- W 3 » - w0
land, and fuel - OTHERS?). Exccue lanad, 20 fuel - OTHERS?)
Alernste | Plan. Alternate | Plan
Chzmlhwmi
creal map
Action
Action
Lisen, “Deerver Center, NASAOL reqeest
Cromscheck GO IFR clesrance to Cheyenne via drect”
TNASAD] standby”
Listen 10 ATC Pre-load ATC info AR " Listen 10 ATC Pre-load ATC info
GILL, direet Cheyenme”
Toad CYS a0 new dostmation in Toad CVS as new dewtination
CDU. Get ATIS. Build a route, Load CDU, Get ATIS. Build a route, Load
thﬁ_i " ‘Arrival WAM’AM
Information: Asrpaornt, Rusway. Ifoemation: Auport. Rurway,
uummnww “n-.mmw
LNAVIVNAV. Notify OBF LNAVIVNAV. Netify GO.
[ Croscheck AUTO nfo____| Troascheck AUTO info.
s e Tln s e e T T
Dt St
(Al relog (1o Charam
Moaitor P¥ Pre-Amval Beiefiog.
reute, gate, flaps, target lainding
descent toake
Say “NASADI Ty
Listen o ATC Pre-dosd ATC info """"":.“"“- Listen 1o ATC Pre-doad ATC info
thossasd™
Tiwen. Say “Roper, NASAOT, 251 8 GILL,
Crosscheck GO maintalning 17.000."
Crosscheck AUTO [nfo
T ST T
MI&
Say NASAQI, Fly
heading 350, Cleared
direct HAMER, direct
Listen 10 ATC Pre-load ATC info n’;‘_’;“;“"“"mm'":m Listess to ATC Pre-doad ATC infiy
ramway 27 approsch o
CYS; Oheyenne altuncter
2815
Say Roger, NASADT, 350, direct 10
Liwsen HAMER. dirsct CYS, descend and
Crosschock GO msamtain 10,000, expect rumway 27
. abtimeter 28157
[&] >
1 Schema not coerost, get ATIS &
amend L
G ST g oz
Crosschock
Tt hold Send o ground wwto Update Info (INASAGL) / Natify GO
Crosscheck OBF
St T cockpit Altimeten: Tt T poand Altmeier |
Notify NASAO| & GO Notify G0 & NASAOL
Crosscheck AUTO mfo
Txccute Altimeter
Say “NASAOL contact
Pre-load ATC info Cheyerae Approach on Listen to ATC Pre-bood ATC info
124,85
Say “Roger, NASADI, 124.45°
[ Closscheck AUTO i
radio
A 1,
one zero thousand with Alpha ™
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Appendix F. Task Decomposition Spreadsheet (SPO Specialist Off-Nominal)

Listens 10 ATC

Say "Rogor, %000 for NASADI*

Update Tnfo (NASAGT) ! Nowly GO

Lisen

Ny DA Relesed |

Scan Screen: Tails States

S<an Screcw Taly Managemest

Review Foel levels ()

Review Weather ()

Review Altitade & Meading ()

Scan Screen: Tails States

Remind GO
Amend to AC ()

Scan Screen: Tails Management

Review Doel levels ()

Review Weather ()

Scan Screen: Tails Status
Scan Screen: Taids Management

Review Fuel levess ()
Review Weather ()

Lsten

Listen to ATC Pre-load ATC info
Lavien,
Crosscheck GO
[ Crosscheck AUTO ifo
— S
[Speak Wi RO °T mim ready 10 Tehoane
Assitance™
Luten
w GO the
2
Lusten
Ticeute DA redeme Send w ground mto
Lasten
E W § ﬂ resolved
Say "NASADL, tuen feft
Listen to ATC Pre-load ATC iafo heading 350,
base leg "
Say “Roger, headng 350, base Iy,
NASAOL”
Crosscheck AUTO info
Exccute Heafing Send o ground asto
Remund
Laven Flap 1
Reach s st Baps t |
Set speod (210)
Remind
Lasten Pl §
Reach and set flaps 10 S
Say “NASADT, turn kel
280, mautain
. 7,800 ureal established
Listen 10 ATC Pre-load ATC info ‘Maintsin 150 kts $o
NUG. comtact tower on
118.7*
oy “Roger, Il 250, 7,500 el
extablishod and 180 until ZUNUG,
contacting Tower at 117,
NASAOI*
Trosschock aum info:
Altitude
Lyecute Alomsde Send b ground auto
l‘mu(ﬁt e nfoc
Heabng
Execute Heading Send weto.
Renund:
Arm appeoach mede
Arm Approach Mode 30 ground ssto
Coafinm FMA eeads & expected
Crosscheck aumo info
Kado frequency
Execune rabo frequency Send 1o ground st
Remind
Flags 1S

Rmhu-d-ﬂgﬂlols

Speak w OBP ()
Discuss: Fuel 1emp test

Update lafo (NASADT)

Calculate fuel teasp

Set (150}

Say "Choycene Tower, NASADT
tursng Final foe the
ILS 271 appwosch *

Listen 10 ATC

Say "NASAOL, cleared for
e ILS 270 approach *

Send teat fevalts man fued temp ()

Scan Sereen’ Tails Status

Secan Sercen: Taiks Managencst

Say “Roger, chearad foe ILS 271,

Review Foel levels ()

Review Weather ()

Update fafo (NASAOT)

Mdemtify relevant AC

Scan Seroen: Tails Statws

Review Poel levels ()

Review Weather ()

Scan Screen: Tails Status

Netdy: New Outboand ()
Updte tafo (NASAO1)

NASAOL*
Discoanect mstopilot Aural alert. Send o ground msto
Remind
Lasten
Landing gew
St
L146)
€A Arm spoed boake
& TOZF
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Appendix F. Task Decomposition Spreadsheet (SPO Specialist Off-Nominal)
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Appendix G. Micro Saint Sharp Task Groups (OBP-Centric Nominal Mode)
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Appendix G. Micro Saint Sharp Task Groups (OBP-Centric Nominal Mode)
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Appendix H. Micro Saint Sharp Task Groups (GO-Centric Nominal Mode)
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Appendix I. Micro Saint Sharp Task Groups (Dedicated Assistance Mode)
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Appendix I. Micro Saint Sharp Task Groups (Dedicated Assistance Mode)
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Appendix I. Micro Saint Sharp Task Groups (Dedicated Assistance Mode)
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Appendix I. Micro Saint Sharp Task Groups (Dedicated Assistance Mode)
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Appendix I. Micro Saint Sharp Task Groups (Dedicated Assistance Mode)
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