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The Flight Deck/Maintenance/System Integration Huma  n Factors Program
(Flight Deck) is managed by Dr. Tom McCloy. The pr  ogram includes
General Aviation, Air Transportation Human Factors, Flight Technologies
and Procedures, Vertical Flight, Unmanned Aerospace Systems, and
Aviation Maintenance. Research in these areas helps achieve FAA's Flight
Plan goals for increased safety and greater capacit y by:

- Developing more effective methods for pilot, insp ector, and maintenance
technician training

- Enhancing the understanding and application of er ror management
strategies in flight and maintenance operations

- Increasing human factors considerations in certif ying new aircraft and in
equipment design and modification

- Improving pilot, inspector, and maintenance techn ician task performance

- Developing methodologies to identify and mitigate risk factors in
automation-related operator errors

- Developing requirements, knowledge, guidance, and standards for
design, certification, and use of automation-based technologies, tools, and
support systems

- Addressing human performance and human-system per formance
requirements associated with transitioning from 201 5 to 2025 NextGen
capabilities .

The Flight Deck program provides the research found ation for FAA
guidelines, handbooks, advisory circulars, rules, a nd regulations that help
to ensure the safety and efficiency of aircraft ope rations. It also develops
human performance information that the agency provi des to the aviation
industry for use in designing and operating aircraf t and training pilots and
maintenance personnel.

Flight Deck researchers work directly with their co lleagues in the FAA,
other government agencies, academia, and industryt 0 support research
and development programs and initiatives such as NA SA’s Aviation Safety
Program, the FAA Voluntary Safety Program, the FAA/  Industry Safer Skies
Initiative, and the Congressionally-directed FAA Re  search, Engineering and



Development Advisory Committee. Flight Deck resear  chers also
collaborate with industry and other government prog rams through Joint
Safety Analysis Teams and Joint Safety Implementati  on Teams, the DoD
Human Factors Engineering Technical Advisory Group, Aviation
Maintenance industry partners, the Society of Autom otive Engineers, and
via cooperative research agreements with universiti es and other research
organizations.

Listed below are descriptions of FY 2008 Flight Dec  k research activities.

$

Redesigning Weather-Related Training and Testing of General Aviation Pilst

Summary: Researchers at the University of Wisconsin developed advanced flight
simulation scenarios, based on known visual flight rules flight into instrument
meteorological conditions accident profiles, to empirically train and eteafjemeral
aviation (GA) pilot application of basic weather knowledge and decision-making; skill
These simulation scenarios will provide an innovative tool for improving pilot weather-
related decision-making and reducing fatal GA accidents.

Description: Weather-related accidents, particularly accidents due to visual flight rule
(VFR) flight into instrument meteorological conditions (IMC), are asdedi with the
highest fatality rate within general aviation (GA). Specificalg tatality rate of VFR
into IMC accidents is approximately 80% compared to roughly 19% for otherdfpes
GA accidentsPrevious research at the University of Wisconsin indicates that accidents
related to VFR flight into IMC often involve inexperienced pilots who lack thiésghi
properly plan VFR cross-country flights, effectively assess changesatheveluring
flight, and appropriately evaluate risks of continuing flight into adverse weatlsafely
avoid/exit IMC when it is encountered. These findings point to the need to improve
weather-related training, as well as the manner in which weather-éagevand
decision-making skills are tested and evaluated.

To address this problem, researchers are exploring better ways to trairnt arehther-
related decision making among GA pilots. They are developing advanced flight
simulation scenarios, based on known VFER flight into IMC accident profiles, to
empirically train and evaluate the skills of GA pilots in applying basidiveza
knowledge in “real time”, during dynamic simulated flight. These simulatienasts
will provide an innovative tool for systematically training and assessingvpdather-
related decision making skills, as well as evaluating the effectivenessvahtervention
programs targeted at reducing accidents associated with VFR flighM@to |

The results of this project will provide empirical data to inform FAA decisiakears



about how best to redesign flight training, testing, and currency requirements in an
efficacious yet cost-effective manner. This project also addressesathef ghe FAA to
reduce GA fatalities and the AFS 800 RE&D requirement associatednith t
development of Advanced Simulator Weather Simulations.

Assessment of Current Weather-Related Training Aids

Summary CAMI personnel selected a sample of video weather training products
believed likely to influence general aviation (GA) pilot decision-makingmwplanning

for operations in the vicinity of developing weather, or operating in the vicinity of
developing weather conditions that might impact a flight. Fifty GA pilotewerited to
CAMI to assess the impact of selected programs on their weather knowledge-and pre
flight and flight behavior. A report summarizing findings will be delivered to the gpons
this year.

Description Adverse weather continues to be one of the leading causes ahlgene
aviation (GA) pilot fatalities in the U.S. This persists inst a large effort by the FAA
and other organizations to educate GA pilots on the hazards associtteseather.
Unfortunately, many of the educational programs involve traininchgeithrough
classroom lectures, on-line instructional programs, or CD-ROM®)se effectiveness
has not been scientifically evaluated for its practical application.

CAMI researchers reviewed available weather training progrand assessed the
knowledge and behavioral impact of exposure based upon a sample gbribgsens.

An inventory of weather training packages provided by FAA and otheniaggeons that
address the basics of weather theory and target leading cduseather accidents was
developed. The research team selected a sample of video weaiherg products
believed likely to influence GA pilot decision-making when planningdperations in

the vicinity of developing weather conditions, or operating in thenwycof developing
weather conditions that might impact a flight. Fifty GA pilotsrevinvited to CAMI to
assess the impact of selected programs on their weather knowledge and flight behavior.

Pilot baseline weather knowledge was measured with a computpretedt. They were
exposed to either one of two weather training videos (the Expeah®mnups) or to a
non-weather related video (the Control Group). Pilots’ weather knowledgethen
retested with an alternate, matched-difficulty form of the knovdedgt, to measure the
effect of the training products. All pilots engaged in a sitedldlight through weather
sufficiently challenging to elicit variation in pilot responses. Theggoreses ranged from
quick diversions to alternate airports, all the way to full cotigieof the assigned flight.
The experiment assessed differences on a large number d¢igpteand flight behaviors
(e.g., length of weather preflight briefing, total flight &mpenetration distance into the
weather, number of in-flight weather updates requested, ground clearaiotd
clearance, etc). Finally, weather knowledge and flight behaviae again assessed after
an elapsed time interval of approximately three months, to testtie of training.



Analysis is underway, and a draft report summarizing findings veilidelivered to the
sponsor in September. Final reports will be provided in FY09.

A New Approach to Aviation Accident/Incident Prevention/Mitigation

Summary To address the human component of aviation safety, many in thééee
embraced a system safety approach. Previous efforts haveethhgetard identification
and prioritization using the Human Factors Analysis and ClassificatiorrBystFACS).
The next step in the system safety process is to identify and assess Ipatententions.
One tool that may prove useful is the Human Factors InterventianxMBIFIX). To
assess the utility of HFIX, the current research employekK kg~ address visual flight
rules (VFR) flight into instrument meteorological conditions (IMCGJeveral new
interventions surfaced: increasing oversight for equipment aminyaiensuring that the
FAA allocates resources for pilots to increase proficiency awdreness, and the
installation of weather radar in aircraft. A technicgbae linking together previous
studies using HFACS with those employing HFIX within a syssafiety model has been
submitted and is currently under revision.

Description To address the human component of aviation safety, many in lthédiee
embraced a system safety approach to identify and assessgbatgatventions. One
tool that may prove useful is the Human Factors InterventionibM@tr1X). HFIX
includes five broad areas around which interventions can be developed: 1zatigaal,
2) human, 3) technology, 4) task, and 5) environment. To assess theotitdigfX, the
current research employed HFIX to address visual flight r@\&sR) flight into
instrument meteorological conditions (IMC). Five pilot expertsewecruited for the
intervention prioritization part of the HFIX process. The pilot etgwere instructed to
rate 136 interventions on a five-point Likert scale with "ongjresenting “low” or
“poor” and "five” representing “high” or “excellent” on each of fodimensions:1)
effectivenessgi.e., What is the likelihood that it will reduce general aviataccidents?);
2) cost(i.e., Can the organization afford the intervention?)eagibility (i.e., How easy
will it be to implement the intervention?); and djceptability(i.e., Will the aviation
community accept the proposed intervention?). When we focused onféhBvehess
dimension, the top intervention for reducing VFR-IMC was standardifigig training
that covers VFR flight into IMC. However, several new intenargi surfaced:
increasing oversight for equipment and training, ensuring thatF#&& allocates
resources for pilots to increase proficiency and awarenesshaimitallation of weather
radar in aircraft. A technical report linking together previsuglies using HFACS with
those employing HFIX within a system safety model has beenigatirand is currently
under revision.

Developing Proactive Methods for GA Data Collection

Summary Though the FAA, airlines, and their employee representatives have
undertaken more proactive approaches to identify risk such as through Flight Operations
Quality Assurance data and internal safety reports, general avia#Qrsétety remains



driven primarily by accident investigation. This project explored whethercoatd be
captured for GA, enabling more proactive approaches to risk managementy-bwent
pilots were interviewed regarding their experiences during a fliglgtassaergency, or
weather encounter. Circumstances that preceded the pilot events weredeanewe
several sources of weather products were mentioned by the pilots. The symtyhobnic
these products with real-time weather, reliability, and standardizationdsibeul
addressed.

Description Though the FAA, airlines, and their employee representatives have
undertaken more proactive approaches to identify risk such as through Flight Operational
Quality Assurance (FOQA) data and internal safety reports, geneatiba GA) safety
remains driven primarily by accident investigation. This project explohesh&r data

could be captured for GA, enabling more proactive approaches to risk management.

AFS-800 provided CAMI personnel with information concerning over 150 events. After
reviewing the events, CAMI determined that approximately 90 events firtifiée of
interest. CAMI contacted approximately 45 Flight Standards District&3ffand 125
Aviation Safety Inspectors. As a result of these efforts, twenty-one pidots w
interviewed regarding their experiences during a flight assist, emeygor weather
encounter.

Circumstances that preceded the pilot events varied from a failure to appaediate
understand the weather, underlying motivating factors that encouraged the piéststo pr
on, and relying on incomplete or conflicting weather information. Previous Human
Factors Analysis and Classification System analyses of weathdeatsclacked the
richness that these cases provide. The majority of pilots were instrurteehtwhich

may reflect their exposure to these types of events rather than a catsdbfathe

event. Several sources of weather products were mentioned. The synchronigeof t
products with real-time weather, reliability, and standardization should bessdédr

Sponsors were provided a mid-year briefing. An interview protocol was developed that
could be used by Flight Standards Aviation Safety Inspectors. A draft surofredly
interviews is scheduled for delivery to the sponsors by the end of September 2008.

Maintenance of HFACS Database for Aviation Community Research

Summary: A technical report summarizing general aviation accident causal fétabrs
were classified with Human Factors Analysis and Classificatiote®yeHFACS)
categories and traditional demographic data was published. Accident data cwhing a
analyses have been completed. Discussions were held with the Aviation Safety
Information Analysis and Sharing program office about transitioning the ondlditadase
to their network server to foster sharing and centralizing data among fevéwkforce.

Description The Human Factors Analysis and Classification System (HFACS) is a
theoretically based tool for investigating and analyzing human erronagsbwith



accidents. Previous research has shown that HFACS can be reliably used to identify
general trends in human factors associated with commercial and genatiain (GA)
accidents. This project supports development of a larger civil aviation safetgprogr
whose ultimate goal is to reduce the aviation accident rate through slysieiata-

driven investment strategies. An online system will provide access to appré#iate
officials and committees for needed analyses.

Accident data utilized in this task were downloaded via recordstama@a by the

National Transportation Safety Board (NTSB). After several $iofitraining, pilot and

mechanic subject matter experts (SMESs) coded finalized NAc8Rlents via the online
HFACS system. SMEs were randomly assigned accidents sawthateparate SMEs
independently analyzed each accident. After the SMEs assigagdritial codes, the

two independent codes were compared. Where disagreements eRistedirésponding
SMEs were instructed to reconcile their differences, and the mauseode was included
for further analysis.

The database contains nearly 34,000 U.S. accidents for the period 1990-2006 across all
types of operations. Over 28,500 have been coded for human error as identified by the
NTSB. More than 25,000 accidents are Title 14, Code of Federal RegulationsGBFR)
part 91 accidents. Nearly 1,500 accidents in the database are commercial TitleRl4, CF
Part 121 and Part 135.

CAMI personnel have conducted detailed analysis of each of the differentoenmsr

(e.q., decision errors, skill-based errors, perceptual errors, violationsaattyltra-fine
grained analysis on selected error forms. Researchers made the orlbesdavailable

to FAA personnel as requested. The on-line database has over 20 active search user
accounts.

Accident data coding and analyses have been completed. Discussions weréhhisle wi
Aviation Safety Information Analysis and Sharing (ASIAS) program office about
transitioning the on-line database to their network server to foster the stiaging
centralizing data among the FAA workforce. ASIAS has agreed to assumi&tdbase in
coming years.

Monitoring Pilot, Designee, and Inspector Perceptions of FAA Services

Summary A variety of aviation safety functions require feedback from constituents to
provide assessments of both FAA services and the adequacy of policy and regulation.
Some types of feedback are further required by statute, such as the Goternme
Performance Results Act (GPRA). CAMI surveyed regulated populations (e.galgene
aviation - GA pilots) and designees (e.g., Aviation Medical Examiners - AMES) t
evaluate satisfaction with FAA services and the adequacy of policy and reguildte
majority of pilots indicated that the examiner who conducted their practisgbrepared
and organized to a considerable or great extent. Results from the AME sutivig a
Aerospace Medical Certification Subsystem (AMCS) pilot survey are lasialyzed.



Description P-ASEL Survey The P-ASEL survey is an annual survey designed to

collect data from newly certified GA Private Pilots with an Airplanegi&irEngine-Land
Rating. The survey asks pilots about their experience with Designated Ritotriers

(DPE) and the practical exam. The 2007 survey was distributed to 5,072 pilots from July
2007 to January 2008. Responses from 1,475 pilots met the criteria for inclusion (29%
response rate). Returned surveys were screened to include only pilots whesteztdy

a DPE, Aviation Safety Inspector (ASI), or both DPE and a final phase check, who
reported no previous P-ASEL practical test failures, and who indicated that tds¢ir m
recent practical test was not a re-test. The 2007 sample included pilots wdsbse m

recent practical test was a complete test or a partial test. yNdgsllots indicated that

they obtained a copy of the FAA PTS and used it to review the requirements for their
practical test. The majority of pilots indicated that the examiner who conidihetie

practical was prepared and organized to a considerable or great extent. Aederple
report comparing the 2006 and 2007 P-ASEL was delivered to sponsors. Distribution for
the 2008 survey began in April 2008 and will continue until 5000 surveys have been sent
(~ October 2008). Currently, 2,854 surveys have been distributed.

AME Survey- The AME survey is a biennial survey designed to collect data from
examiners about their satisfaction with the aeromedical certificativitag provided by

the FAA. The survey complies with the requirements set forth by Executter Q.

12862, “Setting Customer Service Standards,” and the Government Performance and
Results Act of 1993 (GPRA) to assess customer satisfaction with serviceseprbyior

on behalf of federal agencies. The 2008 AME survey was distributed to 3,439 AMES via
e-mail and postal mail. There were 1,226 responses that met the critemiadsion

(36% response rate). Data is currently being analyzed and will be reported to spronsor
late 2008.

AMCS Pilot Survey The Aerospace Medical Certification Subsystem (AMCS) pilot
survey is a biennial survey designed to collect data from civil airmen about their
satisfaction with the aerospace medical certification services g the FAA. The
survey is administered to assess the services provided to pilots by AMEs arfficéne O

of Aerospace Medicine. For each administration, the survey has been distibuted t
16,000 pilots. The pilots were selected in a random and stratified manner. Pitts wer
randomly and proportionately sampled by class (1, 2, 3) and status of medical (denied,
issued, deferred). The current survey was administered in July 2008. To date, 2,878
responses have been received. Reminder postcards are being sent and the survey is
scheduled to close September 30, 2008. Results from the 2008 AMCS Pilot Survey will
be analyzed and compared to previous administrations.



A Situational Approach to Flight Crew Training

Summary Although the need for integrated crew resource management (CRM) and
technical training has long been recognized, the means by which this itegtaduld
be accomplished remains illusive. This project has the objective of creabmgeptual
framework within which CRM and technical contributions to the flying job can be
meaningfully positioned.

Description The first phase of this project involved creating a methodology and

software tool (Proteus) for creating flight crew training programiimihe framework

of the FAA's visionary Advanced Qualification Program (AQP). This work involved
enhancing the AQP methodology to support a comprehensive and concrete approach to
developing training that achieves the broad range of goals encompassed byhaQP. T
second phase of the project explored the conceptual foundations of CRM and AQP in
order to support a fresh look at how training should be designed. As a result of this work,
researchers at Battelle Memorial Institute concluded that thearedtintegrated

training requires a situational orientation that satisfies four issues:

o A “flight crew’s eye view” of the flying job that reflects the meaningjtaation has
for the crew.

o A model of how crews perform in the operational environment that embodies
integrated skill use.

o A methodology for creating training opportunities that target key skills.

o A strategy for designing training curricula that produce crews capabléeatively
performing in the range of situations they could experience during line operations

This new approach to conceptualizing CRM and AQP produced a number of new
assumptions about how training should be conducted in order to effectively embody this
situational orientation. Applying this approach to Battelle’s enhanced AQP methgdol
suggested some opportunities for improving the methodology that would both improve
the training produced using the methodology, and also bring it into alignment with our
conceptual framework.

Three major categories of enhancements were made to the Proteus methodskygy. F
the task analysis methodology was supplemented to support simpler identification of
themes. Enhancements took the form of additional structure that helps to guide the
performance of the task analysis towards the identification of a core bettdg that
define proficiency for each task. Arguably the most significant changerosroew
proficiency objectives are defined. In the first-generation Proteus methodolgg, T
and SPOs closely resemble the tasks from which they are derived. Thischppeiaes
sense only if proficiency is defined in a maneuver-based framework. We hegue t
proficiency should be defined in terms of themes, which means that proficiency
objectives must necessarily become themes which are more generic ththe vase
when they were used solely for creating events. Finally, modificationsmaate to the



event methodology based upon the need to show how events are defined from theme-like
proficiency objectives. The relationship between proficiency themes and thdsa tise
creation of events was clarified

Improving Pilots’ Visual Approaches through Perceptual Training

Summary: In collaboration with a large U.S. regional airline and together with

researchers from George Mason University, University of Central Flscigatists are
investigating the skills pilots need in order to effectively conduct a visual ajprobe

purpose of this research is to identify skills, develop prototype training, and develop
performance metrics that will improve training and evaluation of pilots on visual

approach tasks. Through this research program and subsequent training develomments, w
expect to impact current pilot training protocols by reducing initial opey@&xperience

time and improving visual profiles

Description The visual approach phase of flight continually poses a major challenge for
junior airline pilots. Airlines have reported that new hires with low flight hours
experience difficulty in “managing visual approaches in line operations.” Theudtyf

can be attributed to the often non-standard nature of the approaches and because it is
difficult to effectively model the visual and kinesthetic cues for visual appreache

today's flight simulators. Human factors researchers are investigfagisgfills pilots

need in order to effectively conduct a visual approach, and developing training and
performance metrics that will improve training and evaluation of pilots on visual
approach tasks. Through this research program and subsequent training develomments, w
expect to impact current pilot training protocol by reducing IOE time and inmgovi

visual profiles.

The current focus is on training perceptual skills using a discrimination taskubbtes
making judgments between two static visual approach images that are madipuitht
fractional changes in glide slope, distance, runway orientation, and runyeay. [@he

goal of this research is to improve a pilot’s ability to attend to criticalVisues in the
environment for distance estimation. Our initial study confirmed that non tadtiea are
used when making discriminations from a non-pilot population. These findings confirm
that inexperienced pilots use non-critical cues when making visual approacicalista
estimations. We also expect to find that through discrimination training, pericewill
improve on visual approach tasks.

Analysis of Pilot Procedures and Practices for Automated Flight Deck

Summary The goal of this research program at George Mason University issgsass
current issues with automated systems on the flight deck and develop potentiaj trai
solutions to problems generated by these new systems. This work addresses the FAA
requirement to approve new systems for use on the flight deck and approve the training
required of commercial pilots. The result will be methods that can be used to develop
more effective training to improve the safety of the entire aviation system



Description Automation has introduced changes to the forms of aircrew interaction in
the cockpit. Although designers hoped that these changes would reduce errors, evidence
suggests that this has not been the case. This leads to the question of how we might
improve the performance of crews using automated cockpit systems. One apptoach is
design training and cockpit procedures with automated systems in mind. A second
approach, and the one used by researchers at George Mason University, is to prevent
automation errors at the source by developing new interfaces that redveguinement

for training. This approach requires close collaboration between reseanters
manufacturers to collect data on current and prototype systems and begin to predict how
system modifications will affect initial learning and training requieats. The strength

of this approach lies in the tight coupling of real, applied problems with scientific
theories, principles and methods. Coupling airline data with cognitive modeling &nd oth
analysis techniques allows us to develop better evaluation and training programs. By
collaborating with manufacturers, we also ensure that our training researains

relevant as automated systems evolve.

During FY08, information about design, use, and training of automated systems was
obtained through interviews and observations at several airplane manufactairersy tr
companies, and airlines. The research team completed a review of a reportvay afsur
pilot training, completed an automation research summary document, and initiated
dialogue to develop conceptually-based training for visual approaches. Resgalsh
worked with the University of Central Florida on development of materials for their
exemplar-based training for visual approaches, and completed production of a CD
containing conceptual training developed for automated systems and backgroursd report
on automation training. This CD was circulated to 600 participants of the FAA-
sponsored conference on automation.

Also during FY08, researchers continued to work with NASA on examining the
transition to electronic documents on the flight deck that allows for improvements
technology as well as crew performance and overall flight safetynRE&SA/FAA
research identified Electronic Flight Bag (EFB) procedures, trasmidgoest practices
that can measurably improve crew performance. Researchers alsd refingocuments
into more usable checklists for operators to evaluate new EFBs.

Cockpit Task Demands

Summary NASA researchers published a book titMdltitasking in Real World

Operations: Myths and Realitie3his book is the final report of a multi-year
ethnographic study of cockpit tasks and crew performance in normal flight operations
conducted in collaboration with two major U.S. air carriers. The team found that the
dynamic and concurrent nature of task demands in today’s airliner was asmajoe of
inadvertent failures to perform intended actions. Situations in which pilots areahlter

to forgetting to perform intended actions are identified, and plausible reasonsevhy e
the most expert of pilots are vulnerable to error are discussed. The book conclbhdes wit



detailed guidance on countermeasures individuals and organizations can takego reduc
vulnerability to error in these common situations.

Description In conducting research on airliner cockpit demands, NASA researchers
observed pilot training classes, and also participated as pilots in airlmadrior new

hires. They analyzed flight operations manuals, observed actual flight opefairans

the jump seat, and discussed those observations with the crews. The results were used t
generate search terms to identify an extensive set of reports involvingremdask

demands. The research team published a book Milgttasking in Real World

Operations: Myths and Realitie3.his book is the final report of their multi-year
ethnographic study of cockpit tasks and crew performance in normal flight operations
conducted in collaboration with two major U.S. air carriers.

The team found that flight operations manuals, and the training associated with the
portrayed cockpit tasks as if they were linear (each task performed in s@guence
predictable in timing and nature, and under the moment-to-moment control of the crew.
However, jump seat observations revealed cockpit work to be much more dynamic, with
frequent interruptions, unexpected new task demands, and situations requiring tasks to be
performed out of the expected sequence. Pilots often had to perform more than one task
concurrently. The dynamic and concurrent nature of task demands was a majorfsource o
inadvertent failures to perform intended actions.

Prototypical situations were identified in which pilots are vulnerable to farget

perform intended actions: (1) Ongoing tasks are interrupted; (2) Tasks must be
performed out of the normal, practiced sequence; (3) Tasks must be deferred; and, (4)
Multiple tasks must be interleaved concurrently. Researchers blertoadentify the
cognitive demands of these prototypical situations and plausible reasons even the most
expert of pilots are vulnerable to commit errors. The book provides detailed guidance on
countermeasures individuals and organizations can take to reduce vulnerabitiby to er
these common situations. Also, this study provides a basis for conducting matecreali
cockpit task analyses for Advanced Qualification Programs. Although the book’s
examples are based on pilot performance, the principles and recommendatiorsdeate tre
in a way that they can be applied to an area of skilled operator performance.

Monitoring and the Use of Checklists

Summary Analysis by NASA researchers revealed that errors in both monitoring and
checklist execution are diverse in nature and frequent. A preliminary asaesénine
cognitive factors underlying vulnerability to these errors will provide a faiomdéor
developing countermeasures to reduce vulnerability. These countermeasures include
training, design of checklists and operating procedures, and organizational policies

Description A NASA research team has completed 60 jump seat observations of how air
carrier crews conduct monitoring and execute checklists in normal operatiorse The
observations were conducted in six aircraft types at three airlines (thwe th$. and one



in Canada), one of which in a major international airline and the other two of which are
regionals. Preliminary analysis reveals that errors in both monitoring andisheckl
execution are diverse in nature and frequent. Only about 16% of these erransgute ¢
The team has completed a preliminary assessment of the cognitive axterky/ing
vulnerability to these errors, and this will provide a foundation for developing
countermeasures to reduce vulnerability. These countermeasures iraihidg,tdesign

of checklists and operating procedures, and organizational policies.

Flight Simulator Fidelity Requirements Research

Summary FAA-funded human factors researchers at the Volpe Center are warking t
improve airline pilot training world-wide. Their goal is to ensure that trairaaty tare
available to face the challenges brought on by the shrinking pilot applicant pool, the
decreasing prior experience of applicants, and the increasing completkigytodiffic

mix and the pilot task with the transition to NextGen capabilities. Targats @re: (a)
ensuring that flight simulator cueing requirements are sufficient to@pssitive

transfer of pilot performance and behavior between the simulator and airplane, and (b)
ensuring that cueing requirements do indeed contribute to this transfer.

Description Much of initial and recurrent airline pilot training is accomplished using
simulators. A great deal of interest centers on simulator fidelity regeirsnfor
effective training. Human factors research focuses on four tasks: (1)néxguhie effect
of existing flight simulator requirements on the transfer of skills of pileta/éen
airplane and simulator according to existing knowledge; (2) providing origiresnas
in cases where existing knowledge is inconclusive; (3) developing requirements,
knowledge, guidance, and standards for the design, certification, and use of flight
simulators based on all research findings; and (4) applying and dissemieatagch
results in national and international forums. The overall goal is to improw@asport-
pilot training world-wide to ensure that training tools are available totfecehallenges
brought on by the shrinking pilot applicant pool, the decreasing prior experience of
applicants, and the increasing complexity of the traffic mix and the pilot talskheit
transition to NextGen capabilities. Two important considerations are: (ajrenthat
flight simulator cueing requirements are sufficient to ensure positémsfar of pilot
performance and behavior between the simulator and airplane, and (b) ensuring that
cueing requirements do indeed contribute to this transfer.

A systematic examination of the requirements for Full Fight Simula&®S)(and a
subsequent empirical research program found no operationally relevant bbenefit f
simulator platform motion. Researchers also found evidence that othetsaspec
simulation, such as the lack of realistic radio-communications, should be considered
when trying to improve training. Recent activities include reviewing aglehterature

and examining regulatory and research output, monitoring the impact of work
accomplished in this program on industry and on other research and regulatorgsgctiviti
and continuing to maintain and update a flight simulator fidelity requirementsditer
database at Volpe. This research is being coordinated with ICAO wornkingsy



Research is also focused on evaluation of the Full Flight Trainer (FRX&daldase

trainer with FFS-quality data. Planning, research design, setting up obtlatdiean and
analysis are underway. Researchers have also started looking atiressals for

advanced maneuvers training (such as upset recovery) and have helped coordinate the
work of the many entities exploring this issue. The goal is to examine thaweffess

of existing simulators for training and evaluation of advanced maneuvers.

Understanding Human Performance in Aviation -
Barriers to Effective Performance

Summary FAA-funded human factors researchers at the American Institutes for
Research worked to address barriers to effective airline pilot and dispa¢cfeemance
brought on by temporary changes to the Notices to Airman or NOTAM system and data
regarding the condition of aircraft operating surfaces at airportd (foeldition or

FICON reports). This work produced reports on “NOTAM System Modernization: The
Pilots’ Perspective. Report Summarizing Input from the Pilot Input to NOTA8te®y
Modernization Working Group”, and “Field Conditions Data: The Airline Dispatchers’
Perspective. Report Summarizing Input from the Dispatch Aviation SafeiynAct

Program (ASAP) Field Conditions (FICON) Working Group.”

Description American Institutes for Research disseminated reports on Notices to
Airmen (NOTAM) and Field Condition (FICON), along with a previous report from
dispatchers regarding NOTAM data, to the FAA’s Aeronautical Information
Management Group (AIM) group, which is responsible for modernizing the NOTAM
system. AIR also provided this information to AIM and other stakeholders via
participation in a series of foldigital NOTAM Working Groupneetings held between
October 2007 and August 2008, and one FAA NOTAM Industry Day meeting. In
addition to providing input to AIM regarding challenges associated with the use of
NOTAM and FICON data and recommendations for change, AIR also provided AIM
with human factors related guidance regarding the digital NOTAM data &ydtem.
Finally, AIR disseminated FICON information to the Take-Off and LandinfpReance
Assessment Aviation Rule-Making Committee in the form of dispatchers’
recommendations for change to Advisory Circular 150/5200-30B entitled, “Airport
Winter Safety and Operations.”

Effect of Electronic Flight Bag (EFB) Technology on
Crew Performance

Summary NASA is conducting research that supports development and implementation
of EFB technologies. In collaboration with one airline’s actual EFB impleatient
researchers seek to understand and clarify the procedures, practicesnarglttrat lead

to effective and improved crew EFB performance. This research is being aist@dpl

by analyzing video recordings of crews flying with EFBs in line operatisinallation,

and instructor/evaluator assessments of EFB usage as they viewed theTddeam



will develop and refine EFB implementation guidance for Part 121 operators in
accordance with regulatory guidance. A draft of key results was prefarthe final
report,Electronic Flight Bag Procedures and Best Practices.

Description NASA research on the effect of Electronic Flight Bag technology on crew
performance has several main elements. NASA takes the perspectivendthsers of
the technology, the flight crews and operators who are developing and acquising EF
systems to augment their fleet capabilities. For them, the technoladiaaitage must

be integrated into operations without degrading operational performance or B&lgty
systems create many changes for flight crews who must be able to opedate i
conditions in accordance with company policies, procedures, training and [@actice
NASA also takes into consideration the operators’ requirement to comply with
regulations, standards and industry best practices. Research is ifagittatification

and communication of the authorization process.

In collaboration with one airline’s actual EFB implementation, NASA rebeas seek to
understand and clarify the procedures, practices and training that lead tiveeiad
improved crew EFB performance. This research is being accomplished by mgpalyzi
video recordings of crews flying with EFBs in line operational simulation, and
instructor/evaluator assessments of EFB usage as they viewed the videtesinT knall
develop and refine EFB implementation guidance for Part 121 operators in accordance
with regulatory guidance. A draft of key results was prepared for the fip@itye

Electronic Flight Bag Procedures and Best Practices.

Research is also underway to help optimize implementation and use of new ERBesoftw
applications. These advanced applications are in the process of being implemeh&d on t
flight deck as we move into Next Gen technologies. They include airport moving maps
satellite weather, and new data overlays for electronic charts. Resekhifocus on

cockpit procedures, crew best practices and training.

Structural Knowledge Analysis of Aviation Safety Reports -
Pilot Skill Decay

Summary (Runway Incursions)he FAA established a new voluntary program in 2004
called the Runway Incursion Information and Evaluation Program (RIIEP) that is
designed to gather information from pilots and maintenance technicians who have been
involved in a runway incursion or surface incident. Researchers at the Univeidgwof
Mexico are conducting a comprehensive statistical analysis to deterimatieaernthese

data provide a better understanding of the factors underlying the occusfenogvay
incursions and whether this information can then be used to guide implementation of
various risk-reduction programs.

Summary (Pilot Skill Decay)The FAA historically has required airlines to perform
recurrent training on pilots at standardized intervals of six months for g atiad 12
months for first officers (Air Transportation Operations Inspector's Handbook, 2006).
These intervals were motivated by required medical exams at six-maartralatrather




than established rates of forgetting for pilots’ knowledge and skill. Under the Advanced
Qualification Program (AQP), airlines can now propose alternative esturaining
intervals for pilots (FAA Advisory Circular 120-54A, 2006). However, the new trginin
intervals must be justified by empirical pilot performance data. Rds&arat the

University of New Mexico are determining if there is a significantgen the

performance of critical maneuvers in the simulator and the degree to whidedhisis
influenced by training intervals

Description In this project, researchers at the University of New Mexico argzangl
existing aircraft maneuvers validation (MV) and first look (FL) data cteld from
several carriers and fleets by the FAA over the past several yedne prototypical
evaluation/training session, pilot FL performance is evaluated by assesging the
performance on a set of maneuvers without any pre-training. This is follontee MV
evaluation where pilots are trained to perform proficiently on a specified set
maneuvers. The primary finding coming out of these analyses will tell us winetrege
seeing a significant decay in the performance of critical maneuvdrs ginhulator and
the degree to which this decay is influenced by training intervals. In additiomgmmtt
upon the nature of the data contained within the existing database, researchses are a
assessing whether: (1) the decay is influenced by on-line practice oatteeiver during
the retention interval; (2) if the level of initial training during MV improvesméon on
the subsequent FL assessment; (3) if retention is better for pilots fhongasrcraft
which involve more on-line landing and take-off training. Preliminary analyséesé t
data show a small, but significant, loss in performance from MV training to FL
assessment.

Using Mental Model Assessments for
Training Design and Assessment

Summary: The structure of a pilot’'s knowledge may predict his/her performance whil
conducting operations. Valid knowledge structure evaluation tools and procedures have
been developed yet many airlines rely on other assessment methods thatymay onl
evaluate superficial levels of a pilot's knowledge. This study at the Untief<entral
Florida focuses on developing guidelines that will standardize the use of knowledge
structure evaluation methods.

Description: Research has established that the structure of a pilot’'s knowledge may

predict his/her performance while conducting operations. While valid knowledge

structure evaluation tools and procedures have been developed (i.e., concept mapping and
card sorting), many airlines rely on other assessment methods that mayalnbte

superficial levels of a pilot’s knowledge. Inadequate knowledge evaluaticticpsain

aviation environments may be evidenced by the consistent findings of gaps and
misunderstandings in pilots’ knowledge of the automation they interact with. Incaih eff

to encourage the use of knowledge structure assessment methods that can assess and
diagnose misunderstandings or gaps, this study at the University of Cenitic F

focuses on developing guidelines that will standardize the use of knowledge structur



evaluation methods. Specifically, human factors researchers are focusedlopidgve
guidelines for using knowledge structure assessment methods that fawdttaiealid
and reliable evaluations of the knowledge structures pilots use to intétaetvaircratft.

This project addresses the need for knowledge structure assessment guigelines b
investigating factors that may influence the validity and relighif concept map
assessments by investigating the role check pilots play in the assepsotess. Factors
such as experiences with the assessment process and the information besegl agtie

be empirically investigated to determine the conditions under which these faetors a
optimal for producing the most valid (i.e., accurate) and reliable (i.e., inter-rate
agreement) evaluations. Although this study focuses on knowledge structwiaienal

the guidelines produced here can be extended to other subjective assessment methods
such as simulator observations.

Research on the Human Factors of
Conveying Safety-Critical Information

Summary: One of the major sources of accident prevention in aviation comes from
information gleaned from pilot reports of incidents that occur in flight. The ibwiat
Safety Action Program (ASAP) was developed to provide a means for cull¢uis
information in a voluntary, secure environment. Researchers at the UniveiSeyinél
Florida are actively involved with research on systems that convey safetgl crit
information. The research team is investigating safety criticalnrdton systems in an
effort to optimize efficiency and usability of these types of systems.

Description: A major factor in aviation accident prevention is information gleaned from
pilot reports of incidents that occur in flight. The aviation safety action progr&ARA
was developed to provide a means for collecting this information in a voluntary, secure
environment. Ultimately, information collected from ASAP can provide valuablghisi
into aspects of flight safety that can lead to improvements in training, reegateand
policy. Among the challenges associated with this program is ensuringdagieor
information that can be addressed through ASAP is communicated efficiently and
accurately. In support of the FAA’s Voluntary Safety Program Officedgams,
researchers at the University of Central Florida (UCF) are activetywed with research
of systems that convey safety critical information including Notices imé

(NOTAM) and the ASAP Web Based Application Tool (WBAT) systems. UCF
researchers aim to investigate safety critical information sygsien effort to optimize
efficiency and usability of these types of systems.

This research addresses the need to investigate current information $smssystems
within the aviation community to improve the flow of safety critical inforovati
Through conducting empirical examinations on the quality, frequency, and type of
information transmitted through these systems, we will better be able tcadeeds for
these systems. By using human factors and psychometric principles, we inteakkt
recommendations on current and future information sharing programs



Assessment of Flight Attendant Fatigue

Summary In 2005, Congress directed the Civil Aerospace Medical Institute (CAMI) to
conduct a preliminary investigation of flight attendant schedules and potential
vulnerability to fatigue. CAMI collaboration with NASA Ames Resear@nter
produced a 2006 report that provided evidence that fatigue-related performance
decrements were likely under the current regulations, and suggested siof aesasirch
that would facilitate a more complete understanding of flight attendagiéaand
government-industry decision making. Citing the 2006 report recommendations,
Congress recently directed CAMI to conduct analyses in the six areasiew sfifield
operations; field research on the effects of fatigue; a validation of modelssessing
flight attendant fatigue; a focused study of incident reports; a revieweohattonal
policies and practices; and the potential benefits of training. Reports of ffeeteae
to be submitted to Congress not later than December 31, 2009.

Description Congress directed the Civil Aerospace Medical Institute (CAMI) to conduct
a preliminary investigation of flight attendant schedules and potential vhiligreo

fatigue. In 2008, CAMI was directed to conduct analyses in six areas: a sufieg of
operations; field research on the effects of fatigue; a validation of modelssessing

flight attendant fatigue; a focused study of incident reports; a revieweohattonal

policies and practices; and the potential benefits of training. A CAMI Résaadc
Technical Team was formed to coordinate and accomplish the six recommenddtens. T
flight attendant fatigue survey was developed from existing fatigerature and

feedback from subject matter experts. The survey was designed to exankieg Six

factors that contribute to flight attendant fatigue: (1) personal demogrdplgcsage,
non-work responsibilities); (2) job demographics (e.g., workload, length of duty); (3)
sleep loss; (4) circadian rhythm disruption; (5) nutrition; and (6) stress andeaioti
pressure. Generalizable results are critical to stakeholder acceptdimcings.

Accordingly, CAMI researchers proposed a randomly-selected and reptesesample
from the approximately 100,000 flight attendants currently working for the nai@am’
carriers. Using this sampling approach, 31,000 flight attendants will be adm@diate
survey. CAMI anticipates that of those receiving the survey, approximately 9,300 are
expected to be returned (assuming 30% response rate). CAMI researchdesrgrenat

to improve the response rate (and reduce error) by providing both an online and hardcopy
version of the survey.

Coordination of the survey and field studies is underway with Air Transport
Association’s (ATA) Cabin Operations Committee, the Regional Airline Asgon’s
(RAA) Inflight Committee, the Coalition of Flight Attendants, and non-unionizdihes
for focused assistance in accomplishing these recommendations. Additionally, pre-
sampling tests of flight attendants and subject matter experts (SME®iageconducted
to evaluate the relevance and quality of both the survey and the field study precedure
instructional quality, and to address unforeseen issues.

The field study will solicit recruitment of 210 volunteer flight attendants whidoei
compensated (paid as SMES) for participation under a cooperative researateagree



The field study is expected to begin in early November, 2008 and proceed over a five-
month period with a draft report to follow at the end of April, 2009.

CAMI personnel have reviewed accident and incident reports involving flightiatriés

and will assess the potential role of fatigue in reported events. Reseahezviewing
NTSB and Aviation Safety Reporting System (ASRS) databases, and havieedent
number of events for evaluation. Data from NASA's ASRS on-line data has been
downloaded. There were 2,628 reports from flight attendants from 1990-2007. Additional
data was received from NASA regarding aircraft information codes {tiypecraft).
Categories have been identified for content analyses. Preliminargesalfythe data

have begun.

CAMI personnel have compared US duty and rest regulations to those promulgated by
other nations. The CAMI team has collected regulations/rules governing cabireste
duty time limitations, and/or fatigue policies from 12 countries under Civil Anati
Authority and 31 countries governed by European Economic Community
Regulations/JAA.

CAMI personnel have also collected information on a number of training programs.
Recommendations will be provided for future flight attendant training based upon
training given or made available previously. Updated guidance from newatesear
accomplished under this Congressional Directive will be prepared.

The task will continue in FY09 with data collection, analysis, and reporting sikall
projects. The approach will be to develop Technical Reports describing the oésults
each separate project before combining relevant aspects into a finatheparill be
submitted for distribution to Congress by December 31, 2009.

Fatigue Assessment under Ultra Long Range (ULR) Flight Operations

Summary: In December 2007 and January 2008, data were collected on 10 ULR New
York to India flights from 23 pilots and 20 flight attendants. Measures included
actigraphy, Psychomotor Vigilance Task (PVT) performance, and subjexgivedk
entries of sleep ratings, visual analogue mood scale (VAS) ratingspiSt&téepiness
Scale (SSS) ratings, and ratings of the Sustained Operations AsseBanfiEn{SOAP).

A briefing on all results to AFS-200 and Delta Air Lines is scheduled foy €atiober
2008.

Description In December 2007 and January of 2008, data were collected on 10 New
York (JFK) to Bombay, India (BOM) ULR flights from 23 pilots and 20 flight attenslant
Measures included actigraphy, Psychomotor Vigilance Task (PVT) perioenand
subjective logbook entries of sleep ratings, visual analogue mood scale @#hg3r
Stanford Sleepiness Scale (SSS) ratings, and ratings of the Sustainatio@per
Assessment Profile (SOAP).



Four post hoc groupings of participants were formed with flight and cabin crebvens
that were scheduled for “better” vs. “poorer” sleep-time opportunities on the outbound
and return segments of the trip, and whether those sleep-time opportunitieswersede
during the two segments or remained the same. Differences in crew operations
necessitated separate comparisons; pilots were scheduled for tworsie@piortunities
enroute, whereas flight attendants were scheduled for only one somewhat lesyger s
time opportunity; pilots were scheduled for 48 hour layovers vs. 24 hours for the flight
attendants.

All data reduction and formatting has been completed. Analyses of the PVT, SOAP
VAS, and Sleep Ratings data have been completed. Specific trip parametelisgnc
block times, flight/duty times, and latitude/longitude waypoints, as welltagauhy and
logbook entries of sleep were entered into the Fatigue Avoidance Scheduling Tool
(FAST™). A briefing to AFS-200 and Delta Air Lines on all results is schedole
early October 2008.

Pilot Training and Experience with
Transport Category Rudder Control Systems

Summary The Rudder Survey Team completed a survey designed to understand the
factors associated with: inadvertent, erroneous and unsafe rudder usagenohet e
influence of rudder design on pilot input/response; and recommending what types of
design requirements and training procedures may prevent accidents. Regeilts w
analyzed to identify the primary airplane flown and the country of primarycsmeint

as well as the items listed above. A technical report is scheduled for completian by
end of 2008.

Description Several recent events indicate that rudder control systems may have been
involved in a number of hazardous situations. System design, human factors, and pilot
training are considered potential event factors. Therefore, CAMI and ithanW\0.

Hughes Technical Center collected data on pilot training and experiemceamisport
category rudder control systems. The goal is to assess current anquhdiroe

characteristics, pilot interfaces, and training so as to better understaneldtionship to
pilot use/misuse of the rudder.

A survey designed to assess pilot training and experience with flight camiralidder

systems provided vital information. The survey furthered the FAA’s knowledgeoodf pil
training and experience with transport category rudder control systemgonkes

provide information on upsets in broad terms and also on specific aspects of pedal/rudder
control systems. Results were analyzed to identify the primary airfitamre and the

country of primary employment as well as the items listed above. Most Ipddtanusual
attitude training with training in the pitch axis, in the roll axis, and in the yasv BXots
reported that they found recurrent simulator training to be effective. When askerkif
training in transport airplane rudder usage would be beneficial, over half respasded

and when asked if recurrent training in rudder usage would be beneficial, over three



guarters responded yes. This information supplements anecdotal information and allows
further evaluation of the factors that affect rudder use. Informationdy&ior this

research may be used to develop the following products: improved Code of Federal
Regulations Part 25 aircraft certification rules, policy, and guidandéeingeguidance;

and, responses to NTSB safety recommendations. A technical report is scheduled f
completion by the end of 2008.

Sponsors were provided a briefing in spring 2008. A presentation will be made at the
Aerospace Medical Association Conference.

Develop Baseline Operational Communications Database to Describe Curten
Operational Voice Communications between Native and Foreign Airline Rits and
Controllers during Oceanic Operations

Summary An operational shortfall exists in our understanding of current operational
communications in the en route environment and international voice communications
within the National Airspace System (NAS). ICAO has mandated an Ehgirsjuage
Proficiency Requirement, and the FAA lacks baseline data to gauge itsoeffétS
operations and safety. By updating our communication databases, we will be able to
measure how the English Language Proficiency Requirements \eitt X C operations
and safety. Also, as digital voice communications systems and their applcainerge,

it is important to know which messages may present a problem for non-native English
speaking pilots.

Description Five en route facilities provided at least 10 hours of pilotrotiat voice
communications. The facility selected time samples that wepeesentative of peak
international (i.e., oceanic) air traffic operations and peakidrpffriods with the most
communications-intensive operations. Fifty-one hours of air-ground tresisnsswvere
analyzed. Each controller transmission was paired with its agadbnd scored for
accuracy. In the first of three reports, controller messages glassified according to
complexity, message length, and pilot readback accuracy. For tbadsead third
reports, aircraft call signs were used to classify trassons by aircraft registry (US,
foreign) and language (English, other). English language pentigiwas examined for
pilots in the second report, with communications problems in the third tregoaa
controllers and pilots were graded on their level of languagecmoéy using the ICAO
Language Proficiency Rating Scales.

For the first report, 93.8% of the pilots’ readbacks were correct. When an drror di

occur, pilots experienced more difficulty reading back approach control higpleciyg
messages than departure control high-complexity messages or low-coynplessages

from either approach or departure control. As message length increased, so aidrthe m
number of readback errors, but only during the approach segment when pilots experience
the most challenging aspects of their flights and controller messagesmplex and

lengthy. For the second report, communications were analyzed from 832 art?aft (

US, 23% Foreign) for 4816 pilot transmissions (80% English, 20% other). In this



analysis, 5.8% contained problems. When English was the primary language, or pilots
flew US aircraft, there were fewer communication problems, less tirmspent on
frequency, and fewer messages were transmitted than when pilots flew fairergft or

the primary language was not English. English language proficiency was a éactor f
many of the communication problems among foreign aircraft.

Three technical reports completed the review process: 1) The outcome of AS&ymes
length and complexity on en route pilot read back performance, 2) Pilot Engliglatze
proficiency and the prevalence of communication problems at five US air rotite traf
control centers, and 3) United States Airline Transport Pilot Internaticigat FI
Language Experiences Report 1: Background Information, Generaligte-F
Preparation and General/Air Traffic Control (ATC) Procedures.

Structured Interviews: Native and Foreign Airline Pilots’
International Language Experiences

Summary There is a lack of baseline data regarding the flight experiences io¢ airli
transport pilots (ATP) who fly internationally. Not surprisingly, reskeasmeeded to
identify and fill the gaps in communications data that will contribute to the undéirsga
of some of the language issues, communication problems and procedural differences
these pilots encounter when flying internationally. Also, as digital voigermmications
systems and their applications emerge, it is important to know which messages ma
present a problem for non-native English speaking pilots.

Description A structured interview was developed and administered to small groups of
ATP-rated pilots to identify language issues that can become barri¢fisieneand
effective Air Traffic Control (ATC) communication. The structured intervieas

divided into nine sections: (1) Background Information, (2) General/Pre-Flight
Preparation, (3) Word Meaning and Pronunciation, (4) Language Experiences in Non-
native English Speaking Airspace/Airports, (5) Language Experiencegive Maglish
Speaking Airspace/Airports, (6) Non-native English Speaking ATC/Natnghih

speaking Pilot Communication, (7) ATC/Pilot Same versus Different Language
Interaction, (8) Communication Problems, and (9) Technological Interventions. Forty-
eight airline transport pilots from American, Continental, Delta, and Unitedesinvere
interviewed, and twelve pilots from Aeroflot, Alitalia, China Air, and LAN Claildines
were interviewed.

The pilots’ responses had several major thrusts: Cultural differenceéaexmportant,
nearly undetectable influence on international aviation; English languagegnoy is
deficient and hampers effective communication; Party-line (singig+recy)
communications in English facilitate situational awareness. When mixegkblgeg are

on frequency, party-line communications pose a safety concern and impetiensitua
awareness. In addition, pronunciation and naming conventions for locations and other
identifiers lack a uniform pronunciation; three- or five-letter identifirees/ not be
connected with the pronunciation. There is no uniform agreement as to what standard



phraseology is or should be. Technological advancements such as datalink may help
solve some of the language problems. Sponsors were provided a briefing.

Advancing Aviation Safety: Threats, Errors, and their Management
in Normal Operations

Summary: The University of Texas Line Operations Safety Audit (LOSA) uses non
jeopardy cockpit observations conducted during normal flight operations. In FY08, the
research team delivered a snapshot of system performance strengthslamesgaes as
measured by the Threat and Error Management (TEM) framework

Description The final year of this grant represented the end of an era for The University
of Texas Human Factors Research Project. After over 40 years of hes&aRobert
Helmreich retired in June 2007 and the project officially closed its doors at the
conclusion of this grant in 2008. Drs. James Klinect and Ashleigh Merritt will continue
to provide TEM and LOSA research through a private organization called Th& LOS
Collaborative. Until then, the final year of grant activities were spent on praduci
research that will advance TEM and LOSA concepts with particular focus owlipigvi
information to update the ICAO LOSA Handbook (Doc 9803) and FAA LOSA Advisory
Circular (120.90).

In November 2007, the First LOSA User Group Meeting was organized by Dr. James
Klinect. The meeting was hosted by Cathay Pacific Airways in Hong Kong and®ver
participants from 17 LOSA airlines were in attendance. The meeting isahsfsseveral
breakout group discussions around five central questions:

1. What are some of your airline’s benefits and frustrations with LOSA data?

2. How did your airline structure its safety change process in respon€Sta tesults?

3. What are some of the organizational changes made as a result of LOSA? Did they
work?

4. What is the curriculum of your airline’s TEM training courses?

5. What are some your airline’s recommended improvements to LOSA?

In March 2008, researchers transcribed over 40 hours of recordings from the breakout
groups. These transcripts are being analyzed for a paper on LOSA besepranti

Klinect conducted two LOSA workshops at the FAA Voluntary Safety Conferenanin S
Diego. The workshop was well attended and the enthusiasm for TEM and LOSA
continues to be strong in the commercial aviation industry.

l# |

Flight Symbology

Summary: The objective of this project at the Volpe Center is to determine what
symbology is appropriate for electronic flight displays by providing data and



recommendations. Past and current work focused on aeronautical charting symbology
Symbology for traffic displays is now being considered. Results of thiarasare

intended to be of use to the FAA, RTCA, the International Civil Aviation Organization
(ICAO), other civil aviation authorities, and manufacturers who develop and/or depict
symbology.

Description: Researchers at the Volpe Center are working with the SAE International
Aerospace Behavioral Engineering Technology Committee (SAE G-10nAetical
Charting Committee to update an industry recommendations document on charting
symbology. The Volpe Center is also coordinating research on traffic symboilkbgiev
RTCA Special Committee (SC) 186, Automatic Dependent Surveillance—Broadcast
(ADS-B) Cockpit Display of Traffic Information (CDTI) subgroup.

Data have been collected from approximately 140 pilots without instrumergs ati

regard to their use of lines and linear patterns. Pilots first sorted senesadhd linear
patterns based on how much they use and recognize them. Then, the pilots tried to name a
few specific linear patterns that were expected to be relatively wellrkrewen though

the patterns were shown in isolation. The new data were combined with data from more
than 100 instrument-rated pilots collected in FY07. Results of the study found that pilots
use and recognize lines and linear patterns differently based on their quatificat
(instrument-rated vs. not), types of flight operations (e.g., air transport, atgpor

private), and typical flight length. Recognition of the linear patterns in isnlatas a

difficult task, although some patterns (e.qg., for restricted airspace)mae

recognizable than others (e.g., for an air routing traffic control center).

Near-term research needs related to traffic symbology were definedrdinadmn with

the RTCA CDTI Symbology Subgroup. The first task was to complete a comprehensi
review of literature in this area. The next task was to document and priorseze ¢k
issues for traffic symbols. The highest research priority was detedno be the
intuitiveness of the symbols. Several experiment design options to addressithisess
proposed and discussed. Over 130 articles were considered and documented as part of
the literature review. Only four references described studies in whichatyssues were
tested directly; approximately 30 papers have implications for symbolhdesid the
remaining papers are of low relevance to the current research focus buhveay
implications for future research. The articles are being posted on an FA&pSimar
Website so that they are accessible to all RTCA CDTI group members

A draft technical report from FY07 on navigation-aid and airport symbols, lines, and
linear patterns that are currently in use was updated with further informfisdm
manufacturers. Definitions for several line types were also obtained dandadadn a

new appendix for the report. A final technical report documenting navigation-aid and
airport symbols, lines, and linear patterns currently in use was completed aistiguuibl
Nine electronic display manufacturers and four paper chart providers saméterial

for the report.



Electronic Flight Bags

Summary: Human factors research is providing aircraft certification, operational
approval, and training guidance to mitigate risks associated with impldmoeraad
integration of electronic flight bags (EFBs) on the flight deck. The godtgoivork at

the Volpe Center are to (1) identify, understand, and help the FAA address human factor
issues related to EFBs, and (2) support the FAA in the development of EFB-related
policies and guidance.

Description: Volpe Center researchers are updating and finalizing a draft report on EFB-
related safety events in order to understand how EFBs are impacting the safetslbf
flight operations. Thirty-eight relevant events were gathered for this reporthe

public online Aviation Safety Reporting System (ASRS) database. In addition, two
accident reports from the National Transportation Safety Board (NTSB)ahaiut the

EFB as a contributing factor were reviewed. Recommendations were provitied to t
FAA regarding EFB guidance that was prepared for inclusion in the Flighti&tds
Information Management System (FSIMS). The revised FAA guidance wed bagpast
work done by the Volpe Center to develop Notice N8200.98 (October, 2007). The new
guidance was prepared between January and July, and involved several rounds of
comments and updates. The guidance is currently undergoing internal FAA ceondinat
as of September 2008.

Results of the review of EFB-related safety events are described egplmathe ASRS
data and the NTSB reports. Descriptive statistics for the ASRS events shdivethreost
common anomaly to occur was a spatial deviation in heading, altitude, or speed.
Underlying EFB issues are also ascribed to each of the events. One key lisfatedso
display configuration of charts, which can induce workload and may also causkethe pi
to miss important information. A second key issue is the introduction of the EFB
technology; several pilots who were new to the EFB mentioned that they had tyifficul
using it effectively, and this difficulty was a contributing factor in thetgafeent.

Both NTSB reports identified the use of an EFB for calculation of landing distarece a
contributing factor. The key issue in one report was that assumptions undgrl/ing
performance calculations on an EFB must be presented to the crew as sltaely are
shown on paper-based performance tables. In the other NTSB report, the keyassue w
assessment of the adequacy of training and procedures for using EFBhpader
calculations functions.

Human Factors Generic Guidance

Summary: The objective of this task at the Volpe Center is to identify and compile FAA
human factors policies and guidance, and other related research on a vdiigy of

deck systems. FAA Aircraft Certification teams have often noted a numbswafurring
human factors/pilot interface issues in the review of new avionics displaysarHum
factors requirements and guidelines are provided in Technical Standard O&es),(



Advisory Circulars (ACs), and RTCA Minimum Operational Performance Stdadar
(MOPS) for specific avionics systems, but many of the issues aredredageneral
guidance document is being developed to help FAA Aircraft Certification $igesia
identify and resolve common human factors issues in avionics submitted for approval.

Description The Volpe Center worked with the FAA to define the scope of a general
guidance document to help FAA Aircraft Certification specialists ideatify resolve
common human factors issues in avionics submitted for approval, and to identify
important sources to reference. The document is intended to apply to all types of display
systems (e.g., Electronic Flight Bags (EFBs), Global Positioniste8y(GPS) displays,

and electronic map displays) used for all types of operations (Part 91, Partrita25RPa

and Part 135). Two key references provided the framework. The first was AC 25-11A,
Electronic Flight Deck Displaysssued on June 21, 2007. AC 25-11A provides general
guidance for showing compliance for the approval of installed electronic yistems.

The issues addressed in AC 25-11A served as a starting point for identifying dopics f

the generalized guidance document. The second key reference was expired E&A Not
(N) 8110.98 Addressing Human Factors/Pilot Interface Issues of Complex, Integrated
Avionics as Part of the Technical Standard Order (TSO) Prowdssh was originally

issued on May 5, 2002. This notice provided the basis for the organization and format of
information for each topic. Other FAA policy and guidance (e.g., FAA Code of Federa
Regulations (CFRs), TSOs, ACs, RTCA MOPS), industry documents (e.g., SAE
documents), and general human factors texts were reviewed to identify #propr
considerations.

A first draft of the general guidance document was submitted to the FAA ferravi
September 2008. Topics address system hardware, display and organization of
information elements and features, and design of control devices. A discussion of the
importance of a design philosophy and considerations for assessing workload nigpanagi
errors, automation, and protecting against and managing system faikiedsoar

included. The considerations for each topic fall into one of two categbA&s:
Requirements and GuidanaadOther RecommendationSAA Requirements and
Guidanceconsist of human factors material excerpted from FAA CFRs, ACs, TSOs, and
independent documents invoked or referenced by the FAA (e.g., RTCA and SAE
publications) Other Recommendatiopsovide additional guidance from design
standards, human factors texts, research articles, and reports. More iniobaut the
topic is provided in two sections following the considerati®@kgroundstatements
describe the rational for the guidelines and what the potential trade-o#signdnight

be; andExamplegrovide illustrations of the problem and describe design solutions that
illustrate how a consideration could be or has been implemented and is in current
practice.

Surface Moving Maps

Summary: Researchers at the Volpe Center are supporting development of appropriate
guidelines and approval criteria for surface moving maps depicting ownshiposit



regardless of whether they are installed or portabis.génerally accepted that the use of
a surface map improves the flight crew’s situation awareness and incsafetgsn

taxiing on the airport surface. Manufacturers are considering severacadvanctions
that potentially present human factors certification issues for the FAA ifgdications or
alerts of potential runway incursions, integration of air traffic controlunttins for

taxi). It is important to understand what additional guidance for establishimgnum
standards and best practices is needed to support implementation and integration of
surface moving map displays on the flight deck.

Description: Three main activities were conducted at the Volpe Center in FY08
regarding implementation and integration of surface moving map displays orghtte fli
deck. First, a list of research issues was identified based on a prelimmaisisa
examining the circumstances leading to runway incursions and a glimpse tatéhef s

the industry with respect to surface moving map technology. Second, a formalyindustr
review was started to identify what information is being depicted and whdioiumare
being implemented. Of particular interest are the presentations of owmafiip, visual

or auditory indications or alerts, and route guidance. Manufacturers and research
organizations developing surface moving map applications have been identified based on
participation in a previous industry review, presentations at industry meetimya web
search. Third, the Volpe Center reviewed existing guidance for evaluation offiees
moving map application to understand any potential limitations in the use of this
technology and to identify possible mitigations. Two topics were of interestv@néhe
accuracy specified for depiction of ownship position and the likelihood of depicting
ownship on an incorrect runway or taxiway. The other was the presentation of runway
incursion indications and alerts and their effectiveness depending on whereethey ar
presented in the pilot’s field of view.

Two primary areas of research were identified. The first was a negditlance to

support the development of runway incursion indications and alerts. Since the surface
moving map may be presented on installed or portable display systems, the location of
any alerts or indications in the pilot’s field of view may vary. A literatergew is in
progress to provide information on this issue and an experiment to address issees relat
to the design of effective runway incursion indications and alerts is beingneésig

The second area of research was to understand the implications of the alloveahteeol
for the depiction of ownship position. The Volpe Center documented the likelihood of
depicting ownship on an incorrect runway or taxiway using information regaraing th
configuration of runways and taxiways at U.S. airports and the distances héteeeto
determine the potential for error in ownship depiction. Characteristics of runway
incursions and the results of research to understand why pilots get losoarehided.

Instrument Procedures

Summary: The goal of this Volpe Center effort is to develop human factors guidelines
for the design of instrument procedures and associated charting in order totlesisure
these procedures are usable, easily flyable, and not prone to pilot errors loéckassgn



characteristics that do not adequately account for human performance &atbins.i

This research will support work being done by FAA AFS-400 and AVN. Results will
support improvements in instrument procedure design criteria, including incorporation of
new concepts such as Required Navigation Performance (RNP) for Area Neawigati
(RNAV) procedures.

Description: The goal of the first stage of this instrument procedures design project is for
the Volpe Center to become familiar with the research issues and variousientdgon
perspectives related to RNP/RNAV. In addition, researchers are \gddwards
generating a plan for research activity in this area in collaborationivétproject

sponsors. In order to accomplish these goals, the research team attendedcipetquhrt

in forums such as the Communications, Navigation, and Surveillance (CNS) Task For
Pilot-Controller Procedures and Systems Integration (PCPSI) workaog.gand the
Aeronautical Charting Forum (ACF). Briefings at the CNS Task Foraings provide

a range of information regarding policy and technical issues affebenighlP/RNAV
community. The current task of the PCPSI group is to document RNP/RNAYV lessons-
learned by gathering input from experts from industry and government who have been
involved in implementing RNP/RNAYV procedures. The ACF Instrument Procedures
group consists of charting and aviation experts who come together to document and
address highly technical and operational issues related to instrument prodedures.
addition to participating in these formal group discussions, Volpe Center hagdhitiat
informal discussions with researchers, charting experts, and airlinalstaff these

issues.

Through discussions with AFS-470, Volpe Center has concluded that research in this area
should begin with a careful look at the design and charting of departure procedures.
These charts are typically highly complex and non-standardized, making thecaéy

difficult to use accurately. This research area ties in well with &egvin the ACF, so

the Volpe Center has proposed that the ACF create a working subgroup to address this
issue. The goal of the subgroup will be to flesh out ideas and plans for research to
improve the design and usability of departure charts.

Color Vision Requirements for Pilots

Summary Completed a color vision/hypoxia study that examined the effects of mild
hypoxia on normal and color-deficient pilots’ color discrimination. A presentatian at
annual meeting of the Aerospace Medical Association summarizing a portiondaitéhe
has been submitted for review. Measured the colors used in modern glass cockpit
displays including a Boeing 777, an MD-80, and several military aircraft. The
chromaticities of airport lighting systems including the Precision Appr&ath
Indicator, Visual Approach Slope Indicator, taxiway, and runway lights have been
measured at 20 airports. This research will determine whether currentisaor
screening tests are adequate, given the increased color usage insid&phe coc



Description Although the FAA has maintained a color vision standard for pilots for

many years, manufacturers have continually modified the pilot's tasksrbgiuotng

new technology that uses color to alert, inform, direct, and capture attention. During
FY08, the major objective was to document colors used in modern glass cockpits, and in
the airport environment, and colors to determine whether the current color vision
screening tests are adequate, given the increased color usage insid&phe coc

Color chromaticities were made using a Minolta CS-100 colorimeter. Toefsine text
and type of symbology of color-coded information were recorded along witbnpdan,
documentation of other colors on the display, target/background combinations, usage,
and criticality of the information. The colors in use in the cockpit and in the airport
environment will be used to create a generic work-task to compare pent@against
currently approved color vision screening tests and with new computer-b aseoisg

and diagnostic tests. The measurements obtained from airport lightingméltsvo
purposes: to measure the variability resulting from longtime exposure to hdatcepl
sun, and exposure to the incandescent lamps that burn 24 hours per day, seven days per
week; and to document the in-service chromaticities and the range of those aitiesati
resulting from use.

Data collection forms, database formatting, and chromaticity displghgteve been

completed and 90% of the data that has been collected has been screened and entered into
the database. During 2008, the color vision/hypoxia study was completed. Colons used i
modern glass cockpit displays including a Boeing 777, an MD-80, and several military
aircraft were measured. The chromaticities of airport lighting systecluding the

Precision Approach Path Indicator, the Visual Approach Slope Indicator, taximehy, a

runway lights have been measured at 20 airports. Additional trips will continududenc

cockpit simulators, airports representing various environmental/clin@tesz additional

aircraft manufacturers, and general aviation aircraft.

Weather in the Cockpit Baselining and Assessment

Summary Documented current and projected weather information needs and assessed
gaps in current and projected weather-information products. Phase 1 report was
submitted. An assessment of weather information use in Airline OperationsCeate
initiated. This research establishes criteria for the organization arehtatsn of

weather information to allow pilots to more safely and efficiently relaein intended
destination without encountering significant weather hazards.

Description Adverse weather is both a challenge for safe flight operations and a
significant limiting factor for airspace capacity. In air transporrag@ens, numerous
takeoff and landing accidents have followed encounters with convective waather
winter precipitation. Predicting and avoiding weather and determining when conditions
have deteriorated sufficiently to increase risk requires a great ddtdrtian from air
transport pilots and airline operation centers. The Joint Planning and Developfinent Of
(JPDO) has articulated a vision for the Next Generation Air Transportatgiars



(NextGen) that expects a greater degree of collaboration betweerapitbt®ntrollers in
weather-related decision making and presumes a degree of shared situatimessva
beyond current systems. Pilots and controllers will need consistent understantig of t
weather situation to collaboratively resolve challenging flight conditioaso&kpit and

air traffic weather systems and products enter the airspace systenhdbkyfacilitate

both near-term and future operations.

To support this transition, CAMI. assembled information on near-term and envisioned
weather information requirements for the air transport and generabavaitkpit, and

for airline operations center personnel who support air transport operationsn@sgess

on weather products now available or entering the marketplace; documenteduttity mat
and use of these products; and identified gaps between product capabilities and
information needs. In addition, CAMI personnel are identifying key requirenfent
integration or connection between cockpit and air traffic needs and products.

Data were extracted from a number of sources (1993 National Aviation Weathgr Use
Forum, previous surveys/interviews of pilots, extant literature) and combinedrte def
the categories and specific types of weather information pilots require antthéypw
prioritize them by phase of flight. Data preferences and prioritizatiores faend to be
consistent across pilots performing different types of activities and aamtsigfith minor
variations, across levels of pilot experience. A Phase One report wastesngin
assessment of weather information use in Airline Operations Centecomtihue into
next year.

An Updating of Allowable Manual Control Forces
in Aircraft Control Systems

Summary: The objective of this effort was to update FAA Regulations 25.143(c) and
23.142(c) with current information based on present and future demographics and current
and anticipated control-input devices to be found in Code of Federal Regulations (CFR)
Part 25 and Part 23 aircraft. Specialized equipment was designed and fabrictited for
offsite data collections, with modifications and enhancements being made & colle
joystick data for the second sample of Part 121 pilots and nonpilots (flight attgndants
Data from the last sample of Part 121 pilots (both women and men) suggested that not all
of the female pilots flying Part 121 operations today are likely to be abledban

exceed the allowable values in the CFR. A proceedings paper presenting the sgcond pa
of the findings was accepted for the 2008 Annual Meeting of the Human Factors and
Ergonomics Society.

Description The objective of this effort was to update FAA Regulations 25.143(c) and
23.142(c) with current information based on present and future demographics and current
and anticipated control-input devices to be found in part Code of Federal
Regulations(CFR) part 25 and part 23 aircraft. While the intent was to provide data
relating to the maximum forces, both momentary and sustained, that could be exerted by
the pilot, it was also intended that information/recommendations be generated concerning



minimum forces. Additionally, a recommendation was sought regarding whahzaye
of the population should be accommodated in the setting of maximum-force
requirements.

A survey of the literature was conducted to determine to what extent guidelines and
standards existed for the application of force to assorted aviation control devices. A
number of sources were consulted that used reasonably large samples ofiligngr m
personnel or the civilian population. Additionally, empirical data collections wer
conducted at CAMI and at three remote sites to collect force-applicatiofodatzth
pilots and nonpilots with the intent of comparing those results with the referencessou
Specialized equipment was designed and fabricated for the offsite datdi@adiewith
modifications and enhancements being made to collect joystick data fectrels
sample of Part 121 pilots and nonpilots (flight attendants).

Data from the last sample of CFR Part 121 pilots (both women and men) suggested that
not all of the female pilots flying Part 121 operations today are likely to ba@bheet

or exceed the allowable values in the CFR. It should be noted that the lower-percentil
values appeared to be in agreement with previously obtained data distributions. As such,
the older data appear to be usable for our purposes. Some of these values, however, may
not have a significant impact in some systems, particularly in fly-bg-sitte-stick

aircraft where proportional force feedback may not be felt as readily. Tuesva

presented in HumanScale 4 (Diffrient et al.) appear to suffice for the wemen’
performance in that they are consistent with the present findings. The datedbta

during this project should provide a foundation from which data can be developed to
guide future policy decisions to be based upon those norms if the distributions are
deemed equivalent.

Synthetic Vision for Primary and Multifunction Flight Displays

Summary The objective of this project was to determine the potential effects on pilot
performance resulting from incorporating synthetic vision systeturisainto primary-
flight and/or multi-function displays. The intent was to generate data that coutte

to formulate appropriate certification criteria across a number dbptad on which this
graphical imagery may be hosted (both aircraft-referenced and pegoeneed display
systems). In addition, researchers sought to obtain data that could be helpfassiras
levels of operational credit that might be granted for the use of such systems.d$-inding
were used to assist in the preparation of the Minimum Aviation System Performance
SpecificationgMASPS) for Synthetic Vision Systems.

Description This project determined the potential effects on pilot performance resulting
from incorporating synthetic vision system features into primary-flightoamddilti-

function displays. A survey of the literature was conducted to determine to wérat ex
guidelines and standards for the design and use of pictorial imaging displatye{isy
vision, enhanced vision, perspective primary flight displays) had been developed, and
what data regarding both display design and human performance were availatéel that
not already been captured in a guideline or a standard. A number of references,



documents, and guidelines were found that had direct or indirect bearing on the issues
involved in synthetic vision systems, enhanced vision systems, and perspective primary
flight displays. These references were enumerated, and in some casesizathrand
forwarded to the sponsor. Findings were also used to assist in the preparation of the
Minimum Aviation System Performance SpecificatightASPS) for Synthetic Vision
Systems. Participation on RTCA SC-213 continued throughout the year. MASPS for
synthetic vision systems were nearing completion by SC-213. Participatite FedEx
concept demonstration with AFS continued.

%

Terrain Awareness and Warning System (TAWS) Feasibility
for Helicopter Operations

Summary CAMI personnel assisted with the Minimum Operations Performance
Standard for helicopter terrain awareness and warning systems compgl&€gA SC-
212. Simulator data collection by the University of North Dakota was supported by
CAMI personnel in the Vertical-flight General Aviation Research Satonl Data
regarding pilot response to terrain alerts/warnings were collegt€dMI personnel and
the results were provided to SC-212 during the preparation of their document.

Description Due to advances in TAWS technology and the rotorcraft controlled flight
into terrain (CFIT) accident frequency, the NTSB has recommended thatgj®lots in
rotorcraft operations of their proximity with terrain would be beneficial (NBaBety
Recommendations A-06-19 through -23). Specifically, the NTSB has recommended that
all emergency medical system (EMS) aircraft be equipped with TAW&Bthe TAWS
regulation be extended to turbine-powered rotorcraft certificated for six@ m

passenger seats; and that operators provide training to ensure the cuse tten

system.

A survey of the literature was conducted to identify relevant guidelines anchhuma
performance data for support of research being performed by the UniaénSibyth

Dakota (UND) and for document preparation of Minimum Aviation System Perfoemanc
Specificationdby RTCA SC-212. Additionally, scenarios and protocols were developed
for data collection on pilot response to terrain alerts/warnings to be conducted during
simulator trials run in conjunction with UND.

Minimum Operational Performance Standafaishelicopter terrain awareness and
warning systems (HTAWS) were completed by RTCA SC-212. Data regardtig pi
response to terrain alerts/warnings were collected by CAMI persamh&he results
were provided to SC-212 during preparation of their document



& !

Documentation of Sensory Deficiencies in the Operation
of Unmanned Aircraft Systems (UAS)

Summary CAMI personnel supported the UAS Program Office through database
development and participation on industry committees developing guidance for
integration of UAS into the NAS. Work completed to date includes an analysis of
manned aircraft sensory information and other analyses. Researchersegemerat
technical report summarizing the findings of this research.

Description Unmanned aircraft are those without an onboard pilot. UAS pilots do not
have the same amount and types of sensory information available to them as pilots in
manned aircraft. An assessment is needed on how these sensory deficienciafentght

the safety of UAS flights.

Work completed to-date includes: an analysis of manned aircraft sensory indorraa
comparison of manned sensory information to sensory information available to the
unmanned aircraft pilot; a review of remediations for sensory deficiefnorashe
current UAS inventory; a review of human factors research related to enhaeosuayy
information available to the UAS pilot; and a review of current FAA regulatioaterel
to sensory information requirements.

A technical report has been generated which summarizes findings of thehreSbeac
report is scheduled for final publication by the end of 2008. The research proposed for
FYQ9 consists of consolidating the analyses and recommendations from FY08 and
incorporating those recommendations in the work of several standards working groups.
These working groups include at least the following: RTCA Special Conen2@8;
SAE-G10 working group on unmanned aircraft system training guidelines—AA
EUROCONTROL Memorandum of Cooperation (MoC), Annex 4, Action Plan 24
Working Group for Unmanned Aircraft Systems; and the UAS Program Office W¢prki
Group 2 on Control Station Design Issues.

Modify, Test, and Validate Vision Model to
Predict Target Detection and Recognition

Summary NASA researchers conducted controlled laboratory experiments to measure
visibility of a range of aircraft for a set of human observers. Thevaata used to

validate a new general model that can be used in a broad range of aviation human factors
applications.

Description The FAA seeks to characterize the ability of unmanned aerial system (UAS)
viewing systems to support target detection and identification. Existingnsystaluation
methods require expensive and time-consuming subjective experiments. This project
seeks to replace subjective testing with the Spatial Standard Obser@gy §é38nple



model of human detection and discrimination. The current goals of the projedt)ace: (
measure visibility of aircraft at various distances and under various viewingiooadit

using human observers, and (2) compare the predictions of the SSO model to the human
visibility data. In the experiment, aircraft images were createnwsimputer graphics

from geometric aircraft models. The aircraft differed in type, distaoreentation, and
brightness relative to the background sky. Human observers with normal visugal acuit
attempted to detect the aircraft images, and from their performance, a enafabar

visibility of each aircraft was derived. The completed data set shows poéfiects of

aircraft coloration and size (distance).

The SSO is a simple model of visual pattern detection developed by NASA reseéoche
simplify visibility predictions in a broad range of technical applications. &ebkers
generated an SSO visibility prediction for each aircraft image, and compassd t
predictions to the human data. This analysis shows that the SSO provides an excellent
prediction of contrast detection thresholds for aircraft that vary with regpggie,

distance, orientation, and contrast. This validates the use of the SSO in predictions of
aircraft visibility. To our knowledge, this is the first effective tool fordac&on of

aircraft visibility. This tool will simplify calculations of effectimess of UAV viewing
systems and help to address the UAS “see and avoid” problem.

Unmanned Aerial System (UAS) Ground Observer Requirement

Summary This research provides empirical data on which to base UAS ground observer
requirements and to test proposed models of detection and visibility. Accomplishments
to date include: (1) Completion and approval of a test plan to carry out data collection;

(2) Submission and approval of a human subjects research protocol allowing researchers
to proceed with experiments; (3) Data collection; (4) Data analysis.

Description The use of unmanned aerial systems (UAS) has been proposed for many
civil and military applications within the National Airspace System (NA8)order for
UAS to be operated within the NAS, flights must comply with CFR 91.113 which
outlines the “see and avoid” responsibilities for aircraft operators. Oneosolati
meeting these requirements proposed by UAS operators is employment of ground
observers to monitor traffic, assess collision probability, and provide operators wit
timely collision avoidance information. However there is little data on howuv&8
operators can perform the tasks asked of them. The goals of the present esdarch
(1) determine the limits (size and distance) of observer visual detectiodeatification
for UAS; (2) measure the accuracy of observer judgment of relative disdaadcaltitude;
(3) quantify the ability of observers to judge collision probability; and, (4) provide
empirical data with which to test proposed models of detection and visibility.

A test plan was submitted and approved by the FAA. This plan includes several different
experiments that: directly measure observer detection given uncertairoc#®hs;
detect UAVs from a known location; provide judgments of distance and altitude; and,



examine collision potential and a means of collecting image data at detécgsholds.
A protocol for human subject research has been approved.

Preliminary data was collected at a test site in Oregon in order to wodketails and
logistics of data collection. Data collection is currently ongoing atithe ©ver half of

the data have been collected on all of the experiments. In addition, image datedrave b
collected at detection threshold. These image data will be shared witlthessan the
military and NASA who are developing models of detection and visibility. Fuddz
collection is planned at the site as well as a site at New Mexico Statersity. These

data will supplement those collected in Oregon and provide detection data that includes
additional models of UAS as well as varied backgrounds on which to measure detection.
A final report including recommendations for ground observer requirements is thee in t
fall of 2009. These data and the final report will aid in decision making and facilitat
integration of UAS operations into the National Airspace System.

Air Traffic Control Tower & UAV
See-And-Avoid Visibility Analysis Tool Advances

Summary This research provides the FAA two user-friendly softwawds that: (1) provide
guantitative information on the impact of air traffic contimiver (ATCT) height and placement
on aircraft visibility (the FAA Vis tool), and, (2) provide quantitativeoimhation on the available
time that a unmanned aircraft system (UAS) operator woul@é hawespond to a potential
conflict with other manned and unmanned aircraft (the See-And-Awmlt). The primary
objective for FY08 was tacalibrate these two visibility analysis tools by experimentally
determining the field-of-view (FOV) search-time equations, #rget (aircraft)discrimination
difficulty criteria (Nso for detection, recognition, and identificatigrand the propecharacteristic
dimensiondor aircraft, through execution of two human perception (HP) experaftests. An
additional FY08 objective was to begin to validate these thotrigh participation in the FAA-
sponsored ground observer field test.

Description The technical approach that the U.S. Army Research Lalbprg@RL) utilized to
calibrate two visibility analysis tools was to teamttwihe U.S. Army’s Night Vision and
Electronics Sensor Directorate (NVESD) to develop and egdwid HP experiments. The first
HP experiment was designed to measure human response timdetution accuracy to
displayed images containing varialdizedaircraft images synthetically placed into real sky or
terrain backgrounds at random locations in the FOV. The second ldRneapt was designed to
measure the ability of human observergdoognizeand identify aircraft images synthetically
placed into selected background images with a range of sphtialapplied to the displayed
images. For both experiments, the general approach was to bajleatontrast, high-resolution,
visible-band digital images of severstale-modehircraft from several perspectives, and high-
resolution, visible-band images of real (natural) sky and terrairgbaokds.

Both the FAA Vis and the UAS See-And-Avoid visibility analysis to@seénbeen completed and
tested. Both tools exist as Windows-executable applications antbaravailable for use on the
Internet @ www.hf.faa.gov/visibility Execution of the firstdetection HP experiment was
completed in November 2007. Based on the results afigtectionHP experiment, the square
root of the area of a maximally-sized cross-sectional mgt#a(“Rectangular Area” metric) is
judged to be the best (propefaracteristic(critical) dimensionmetric foraircraft. (A report on




the results of thaletectionHP experiment is available on request.) An experiment design
document for the seconegkcognition and identification HP experiment has been developed,;
execution and completion of this experiment is expected during the firseqabFRtY09.

Development of Guidelines for Effectivelmplementation of an Aviation Safety
Action Program for Aircraft Maintenance Organizations

Summary Aviation Safety Action Programs (ASAP) identify and help correct advers
safety events that are otherwise not likely to come to the attention of the FAA or
company management. There are now 45 air carriers with maintenance ASAdngiog
Issues addressed in FY08 include: evaluation of maintenance human factors training,
facilitation of communication between maintenance organizations, and exgpiavati
connections between maintenance resource management training and ASAPgrogram
A website was developed to enhance information sharing:
http://parks.slu.edu/departments/avsc/MEAS AR addition, an outline of a
Maintenance ASAP Handbook was developed.

Description The primary purpose of an Aviation Safety Action Program (ASAP) is to
identify and correct adverse safety events that are otherwise nottbkadyne to the

attention of the Federal Aviation Administration (FAA) or company managerent

to the start of this study in 2003, there were twenty-eight air carrierglghhASAP

programs and only six organizations with maintenagk®AP programs. As of September
2008, there were 45 Maintenance ASAP programs—clearly, the awareness is continuing
to increase and, to a certain degree, this research project is contributing to the
dissemination of information regarding ASAP programs.

In FY08, three key issues were addressed by researchers at the Ynife3sitLouis: (a)
evaluation of maintenance resource management (MRM) or maintenanaa factors

training, (b) facilitation of continued communication between the varioustemaince
organizations—both with and without an ASAP program, and (c) exploration of connections
between MRM training and ASAP programs. Additionally, the research teatimeged to
support the Maintenance ASAP Information Sharing meetings and develoysisite
http://parks.slu.edu/departments/avsc/MEASAP/

Review of MRM training data (pre- and post-training surveys) was mitiat select industry
partners. A total of 2,391 responses were collected. Their responses warethaasss
four previously established scales: communication and coordination, relaigrervision,
conflict avoidance, and recognition of stress effects. Results from thisisticgte that
MRM training not only continues to produce positive attitudinal changes, batitnehl
supervision” is critical to achieving benefits of this training. Analysihe MRM data
partially confirmed the validity of a conceptual model.

The Maintenance ASAP research program continued to serve as the connector and
facilitator of communication between various maintenance organizations, incthdsey



from the Air Traffic Organization (Technical Operations) to enable timsfieaof best
practices across organizational boundaries and to create a support groupitafraec
Based on the industry-wide interest in connecting maintenance human factoasrsrogr
and ASAP programs, an outline of Maintenance ASAP Handbook was developed.

#

The Air Traffic Control/Technical Operations (ATC/TO) Human FactoogRm is
managed by Dino Piccione. The program supports FAA strategic goals fasedre
safety, greater capacity, and organizational excellence by develegeaych products
and promoting the use of those products to meet the future demands of the aviation
system. The program addresses Operational Improvements in the NAfiEater
Architecture as part of the NextGen Implementation Plan. This resedreixaine the
roles of controllers and maintainers at increased capacity levels antidgewoles are
best supported by allocation of functions between human operators and automation.

The ATC/TO program generates requirements for human interface chistmst@f the
next generation of air traffic workstations. It is enhancing our understanding wadlé
that ATC supervisors play in mitigating operational errors and runwaysiocis: The
program is also providing material to reduce human error incidents associtelewit
performance of controllers, system maintainers, and others who fill impaafaty s
roles. In addition, researchers are determining effective methods to preséimemw
information to air traffic specialists for severe weather avoidance aiakat
prevention, developing methods to select the next generation of air traffimese
providers so that the applicant screening process is valid, reliable, and fampaading
human-system integration in a manner that allows controllers to manageesas@attr
number of aircraft in a sector while reducing task loading.

The research program works to improve system safety by developing: (Ddsiéb
identify new potential human error problems as the roles and responsibilitiesraffie
service providers change as a result of increasing levels of automajiongdnizational
changes to transform the Technical Operations ATO safety culturefé8iwd methods
to present weather information to air traffic specialists for accideneption through
severe weather avoidance. Human factors researchers are improvingefi)sory

best practices so that first-line supervisors can implement effectivedsethat suppress
the rate of operational errors and reduce the severity of errors that dpaoatu2)
methods to select the next generation of air traffic service providers.

The ATC/TO program works to improve the ATC contribution to system capacity by
developing: (1) integrated workstations that allow the air traffic servmadgar to meet
the increased demand for services with a reduced staffing level; (2) maglrasdess the



value of proposed changes to workstations to determine if human-in-the-loop
performance is enhanced to the required level; (3) advanced workstation céocepts
staffed virtual towers (introduced by the NextGen Concept of Operations) dab@drte

use automation to increase services, increase capacity, and decreaseahaircwatfic
services Research results are used to improve: (1) human-system workstation iategrati
in a manner that allows air traffic service providers and pilots to effegtivehage

traffic loads to efficiently move air traffic in the National Airspagst®m (NAS); (2)
changes in roles and responsibilities between air traffic service prewde pilots as
technology evolves to meet future demands.

The Air Traffic Control/Technical Operations Human Factors Researchapnog
provides leadership and products to motivate and inform the evolution of the NAS to
assure that the human component of the system will reliably perform to meet¢dseohe
the flying public. Results include: (1) air traffic workstations and conceptsttraase
productivity of the workforce by identifying key workload factors that must higated

to enable the humans in the system to manage the traffic flow in the futurg AS
evaluations of candidate technologies that purport to provide a specified human-in-the-
loop performance level or safety benefit when used by the ATO workforce; (3)
transformation of the ATO safety culture through research in the TechnicadtiOpe
community to identify effective interventions that are needed to move the AT&dd@av
Just Culture; (4) personnel selection criteria to enhance the effi@alcgffectiveness

of the screening process for future air traffic service providers.

The ATC/ATO Human Factors research program receives requiremamtggrinternal
FAA sponsoring organizations: Advanced Air Traffic Systems RequiremeatgpGr
Individual and Team Performance Requirements Group, Technical Operations
Requirements Group, and the Personnel Selection and Training Requirements Group
R&D partnerships have been established with NASA, EUROCONTROL, and ICAO.

Cooperative research grants are in place with Massachusetts Instifeihablogy
(MIT), St. Louis University, and Texas Tech University.

Listed below are descriptions of FY 2008 ATC/TO research activities.

Human Engineering Program Requirements

Summary A Human Engineering Program Requirements Standard is being prepared to
establish and define requirements for applying human factors to systems, extjyigomal
facilities acquired by the FAA. This standard will be the primary taskiegrdent used

by the FAA to specify human engineering efforts during system aadquisit



Description A soon-to-be-published Human Engineering Program Requirements
Standard will be the primary tasking document used by the FAA to specify human
engineering efforts during system acquisition. It will include the work to be
accomplished by a contractor or subcontractor in conducting a human engineering eff
integrated with the total system engineering effort.

The standard will accommodate a wide range of products, including comnruodfdiaet-
shelf systems, non-developmental systems, and developmental systems. ndhislsta
intentionally provides reasonable latitude to apply technical and programutifioent

and innovation consistent with the nature, size, complexity, and level of human
involvement associated with specific acquisitions. It is patterned b&édyepartment of
Defense’s MIL-HDBK-46855A, and provides a link to the FAA’'s Human Factors Desig
Standard and Human Factors Acquisition Job Aid. In addition, some of the potential
tools and methodologies for analysis, design, test and evaluation activities cande f

in the FAA human factors website workbench.

Air Traffic Control Human Factors —
Staffed NextGen Tower Concept

Summary In today’s airport environment, arrival and departure aircraft are coutrolle
using an "out-the-window" paradigm and decision making based on information from
several different sources. This generally results in a decrease indiheutober of
operations during low-visibility and night conditions and necessitates signtifica
increased controller workloads during those times. To address this issue, the FAA
developing the Staffed NextGen Tower (SNT) concept. SNT will genaradenplete
suite of integrated tools for controlling and managing departures, arrivalsiackes
traffic at an airport without the view from the tower cab. Researchers ¢ Canter are
preparing for the human-in-the-loop experiments to be conducted at the Airwditg Fac
Tower Integrated Laboratory (AFTIL), FAA Technical Center, Atlafity, NJ. The
experiments are to evaluate different candidate systems for the $taktgden Tower
concept.

Description Airports constitute a major bottleneck in the National Airspace System
(NAS). Limiting factors in increasing air traffic levels to and from mpaat are the lack
of surveillance during night and low-visibility conditions, and the lack of intexgraif

Air Traffic Control Tower (ATCT) systems and functions. Today, arrival ampédere
aircraft are controlled using an "out-the-window" paradigm and decision maksegl b
on information from several different sources. This generally results in @adean the
total number of operations during low-visibility and night conditions and necessitates
significantly increased controller workloads during those times.

To address this issue, the FAA is developing the Staffed NextGen Tower (SMNEpL.
SNT is an R&D initiative that will generate a complete suite of intedradols for
controlling and managing departures, arrivals and surface trafficatport without the
view from the tower cab. SNT eliminates dependencies on out-the-window visual



observations, consolidates information from multiple current sources, and provides
additional air traffic flow information to the tower controllers.

In FY2008, research began to evaluate different candidate systems for the Saft.conc
Human-in-the-Loop (HITL) experiments to evaluate the different syseathise

conducted at the Airways Facility Tower Integrated Laboratory (AF;, FAA Technical
Center, Atlantic City, NJ. During the evaluation, different candidate SNfEs)s will be
integrated with a tower cab simulator at AFTIL. Retired controllers and pselat®

will participate in several realistic scenarios in AFTIL. All of thes will be recorded

and analyzed. The findings from the scenarios, based on real participants istia real
environment, will be available by the end of CY2008. These results will provide a basis
for further development of SNT.

Runway Incursion Severity Categorization (RISQ

Summary/Descriptian FAA researchers at Booz Allen Hamilton held initial meetings to
discuss the scope of work for validation of the Volpe RISC Model and the assessment
process. They developed an initial validation approach for the RISC model and
timeline. Researchers also met with the Volpe team to establish logic biedimbdel

and determine whether this mimics the logic of the assessment team smiember
Timelines, deliverables, and methods for validating the model and process were
established, and an interview process was started with the data analysie ®arify

and document the runway safety data collection process. A data flow prosess wa
established from the runway incursion occurrence to its final entry into the main
database. The team continued gathering and evaluating evidence about thefdegree
validity of the runway incursion severity ratings, and entered and validatecatynaj

the most severe (Category A and B) runway incursions using the RISC modelg Durin
the year, team members attended the weekly runway incursion assesgetamysras

part of the validation for the assessment process/team and Runway IncersoityS
Categorization (RISC) model validation.

Controller Displays for Severe Weather Avoidance

Summary: Because of information shortcomings in current en route and TRACON
operations, researchers at the William J. Hughes Technical Center aneteund

research on weather display concepts for convective activity, ceilifmgitysiand icing
information that meet controller needs. In addition to the weather displaysnitept

involves an automated support system that tracks GA aircraft and hazardther wea

areas. Proposed displays and automation support tools could work towards a reduction in
weather-related general aviation accidents and provide information tteatoeishcockpit
decision making.

Description Adverse weather conditions affect flight operations, overall, but are
especially hazardous to general aviation (GA) aircraft. The primaatheehazards are



icing, convective activity (i.e., thunderstorms), and reductions in ceilinigitigi

Because of information shortcomings in current en route and TRACON operations, this
research proposes weather display concepts for convective activityg/egsiioility, and

icing information that meet controller needs.

In addition to the weather displays, our concept involves an automated support system
that tracks GA aircraft and hazardous weather areas. When the automteeddstscts

a future conflict with an aircraft and a hazardous weather region, tleersgisrts the
controller about the aircraft and the hazard. Our proposed displays and automation
support tool could work towards a reduction in weather-related GA accidents and provide
information that enhances cockpit decision making.

En Route Information Display System (ERIDS) Analyses

Summary ERIDS is an interactive, real-time electronic information displatesyshat
was developed to replace the Air Traffic Control (ATC) information system that
consisted mostly of paper sources of information. In 2008, researchersecbtlata on
the usage and benefits of fielded ERIDS in comparison to usage before it was
implemented. Results indicated that some types of information were easoeess in
ERIDS, but others were not. Data maintenance requires less labor hours with. BRID
number of human factors issues and potential solutions with the system that could
improve its usability were identified.

Description ERIDS is part of the FAA En Route Automation Modernization plan to
replace legacy computers and backup systems. ERIDS is an interactivimeeal-t
electronic information display system that was developed to replace theafic T
Control (ATC) information system that consisted mostly of paper sourceahetion.
ERIDS provides controllers, supervisors, and traffic management expdrtsl@gtronic
access to aeronautical data, airspace charts, ATC procedures documecrts, thlot
Airmen, location identifiers, and other sources of ATC information. Previous asalfs
a prototype ERIDS deployed at Air Route Traffic Control Centers (AR) @@sd that
accessing some types of information was faster with ERIDS but not for edl typ
information. However, the paper documents were readily available during the
assessment, and that is not always the case in actual operations. Althougletbere w
initial labor costs to set up ERIDS, the costs of ongoing maintenance of thesdataba
were reduced. In 2008, researchers collected data on the usage and bendéiedof fie
ERIDS in comparison to usage before it was implemented. The pre-deployment data
collection was conducted in FY2007.

In this year’s research effort, the team conducted the post-deploymentltataon at
one ARTCC where pre-deployment data were collected. The same reseaocblpr
were used as in the pre-deployment effort. Controllers were observed duging li
operations and their use of ERIDS was documented. Simulations were conducted to
examine how quickly controllers access different types of ATC informaismng

ERIDS. Questionnaires were administered to investigate contraleef reference
materials in ERIDS. Finally, facility personnel who update, distribute, and @igos



reference materials in the paper system and in ERIDS were interviewecstiitie were
similar to the prototype ERIDS analyses. Controllers did not access inionnat

ERIDS very frequently. Some types of information were easier to accE&dDS, but
others were not. Data maintenance requires less labor hours with ERIDS. A number of
human factors issues and potential solutions with the system that could improve its
usability were identified.

Electronic Flight Data Handling for Airport Traffic Control Towers

Summary Human factors researchers designed two prototype electronic flight data
interfaces (EFDIs) for use in Airport Traffic Control Towers. These BFdtress the
role of electronic flight data, System Wide Information Management, andaffeds
NextGen Tower (SNT) concepts in NextGen. The team conducted formal usability
testing to identify any remaining problems and to ensure that actual users coatd ope
the prototypes effectively. In addition, researchers compared the Opeeations

Digital Data System (TODDS) to paper Flight Progress Strips imcavzgbility

operation and collected additional usability data on TODDS and on controllers’ &bility
use the touch screen hardware

Description Human factors researchers designed two prototype electragint fata
interfaces (EFDIs) for use in Airport Traffic Control Towefhese EFDIs address the
role of electronic flight data, System Wide Information Managemend the Staffed
NextGen Tower (SNT) concepts in NextGen. The Integrated E&mDbmes EFD with a
surface surveillance capability. The Perceptual-Spatial EFDE du# use surface
surveillance capability, but provides a way for controllers to spatiafjgnize EFD using
a surface map of an airport.

Once the initial prototypes were functional, researchers conddotethl usability
testing to identify any remaining problems and to ensure thaalagsers could operate
the prototypes effectively. The initial usability test providiadia that enabled researchers
to refine the EFDIs and expand their scope into the current TQperations Digital
Data System (TODDS). In addition to making the most difficuttiiees easier to use,
TODDS adds the ability for controllers to issue digital taxi daarances, perform taxi
conformance monitoring, indicate closed runway and taxiway segmamtls access
integrated weather information including advisories for wake turbulence separa

Researchers compared TODDS to paper Flight Progress $HBs) in a zero visibility
ATCT operation. They also collected additional usability data on D®Rnd assessed
controllers’ ability to use the touch screen hardware.

Future En Route Workstation (FEWS) 11l Simulation

Summary The FEWS Il simulation will investigate concepts that are designed to
increase airspace capacity without negatively affecting contretiédload and

performance. The concepts are based on plans developed by NextGen, and include the
increased use of Area Navigation (RNAV) routes and the delegation of some pescedur



(e.g., self-spacing) to the flight deck. The FEWS III simulation &gb include a
procedure to enable two or more aircraft to be controlled as a single unit, sintiiar
way that controllers currently manage military aircraft in fororaflight.

Description The FEWS lll simulation will investigate concepts that are designed to
increase airspace capacity without negatively affecting contretiédload and
performance. The concepts are based on plans developed by the Next Genaration Ai
Traffic System (NextGen) and include the increased use of Area Navigatig\(RN
routes and the delegation of some procedures (e.g., self-spacing) to the fligftheec
FEWS Il simulation will also include a procedure to enable two or more tiitcrae
controlled as a single unit, similar to the way that controllers currenthageamilitary
aircraft in formation flight. Aircraft that are conducting these procedonay require less
controller intervention than those requiring conventional control. This may reselan f
air/ground communications and an increase in the number of aircraft that can be handled
in the sector.

Previous FEWS simulations evaluated modifications to the controller workstation to
support the management of increased traffic levels. The goal of the maalifcit to

make information available to the controller when it is needed and to reduce the number
of “housekeeping” tasks (e.g., data block management) that the controller nioishper
Results of the earlier simulations found benefits for the FEWS interface, mgloeliter
situational awareness, less workload, less display complexity, bettenseguair

traffic, and fewer controller data entries.

For the FEWS Il simulation, additional modifications will be made to the cdertrol
workstation to support use of the RNAV, self-spacing, and aircraft grouping procedures
Researchers will evaluate aircraft and controller performance do@ ety measures at

air traffic levels anticipated for 2015 and beyond. Three-mile lateratetepastandards

will be used under the assumption that advanced surveillance capabilities wifplbed.

The evaluation will be conducted using a simulated En Route Automation Modernization
(ERAM) system, planned to replace the current Display System Replac@sit by

2010, and FEWS. The concepts will be tested in optimal and suboptimal (e.g., weather)
conditions. Researchers are conducting shakedown activities in preparatton for t
simulation that will be completed in February, 2009.

Air Traffic Control Display Standard — Terminal Color

Summary The ATC Display Standard project seeks to develop human factors standards
that are specific to ATC and provide very detailed guidance for the most imip&it&
display elements. This phase of the project seeks to develop a standard terminal color
palette that: (1) follows human factors guidelines and best practicesp&jlers the
operational, procedural, and environmental factors of ATC, (3) is specific wittdrega
display elements and color values, and (4) provides standards that can be directly
implemented by system developers.

Description The FAAHuman Factors Design Standacdntains many standards that
can be used to develop user interfaces that are easy to learn, efficientaondueeduce



the likelihood of human error. However, the HFDS standards are not specific to ATC
tasks and systems, and may not be detailed enough for ATC system developers to
implement directly. The ATC Display Standard project seeks to develop hactarsf
standards that are specific to ATC and provide very detailed guidance for the most
important ATC display elements.

In the case of color on ATC displays, current programs individually choose their. colors
The chosen colors do not always conform to human factors best practices and are often
inconsistent across systems. These issues decrease the usabilitynafl teystems

overall, increase the likelihood of human error, and increase training requiseinent
addition, resources are spent redundantly when each program develops its own color
requirements and designs. Existing FAA and industry color standards providé overal
guidance. However, the standards do not specify which colors should be used for which
ATC display elements. Existing standards also do not provide detailed color values
expressed in hardware-independent terms. These limitations make thregecokir

standards difficult for system developers to use. This phase of the ATC Dispiapi$ta
project seeks to develop a standard terminal color palette that (1) follows factas
guidelines and best practices, (2) considers the operational, procedural, and
environmental factors of ATC, (3) is specific with regard to display elesraerd color
values, and (4) provides standards that can be directly implemented by system
developers.

The colors used on the Standard Terminal Automation Replacement System (STARS)
and the Common Automated Radar Terminal System (CARTS) were measured on four
different monitors. The measurements allowed us to compare the current@dionsan
factors standards and guidelines. We considered factors such as texiitgattehi

ability of colors to draw attention, how easily colors can be identified and nanted, a
how easily two similar colors can be discriminated from each other. Where wiéiedent
deficiencies with the current colors, we proposed alternative colors thatrheter

human factors guidelines.

The project created a standard color palette for terminal ATC systenuefitaibes each
display element (e.g., data blocks, targets, maps) and specifies a cdiat feletent.
The specified colors are expressed in hardware-independent coordinatesstTo ass
programs in implementing the colors, we also provide hardware-specific mai@siior
several existing monitors.

Air Traffic Control Display Standard — Target Symbology

Summary Targets are the symbols on ATC displays that show aircraft positions and
related data. As symbols become more complex and incorporate more information, the
potential for confusion or human error increases. Researchers at the Willkarghes
Technical Center are reevaluating target symbols to ensure that they phevidedt
important ATC information in the most effective way.



Description This project is the second in the ATC Display Standard series. Targets are
the symbols on ATC displays that show aircraft positions and related da&ebifATC
systems depict targets differently, and some symbols reflect thatlong of legacy
graphics technology rather than good human factors design. Now that thoselnsita

are largely gone, we have an opportunity to reevaluate target symbols tothatsthey
provide the most important ATC information in the most effective way. For example,
some current target symbols create perceptual effects where @strofly misread the
symbol and obtain a wrong impression of aircraft positions or directions. Symbadlsuse
other domains, such as cockpit displays and military systems, may provide usefd less
about effective target symbol design. Furthermore, new ATC technology and pracedure
may mandate changes to target symbols in the near future. As symbols beceme mor
complex and incorporate more information, the potential for confusion or human error
increases.

Researchers conducted a literature search and analysis to exanenetenget symbols.
The literature search examined symbols used in other domains and with other
characteristics to determine if alternative symbols may be bealdbcATC. The team

has examined human factors research, FAA and foreign ATC systems, chsgiaiys,

and military systems. They have also analyzed the information requireof¢atgets to
determine which information should be provided by the target (e.qg., location, direction of
flight, aircraft type) and analyzed which display techniques (e.g., shape, sipké) most
effectively convey that information. Once potentially beneficial altereatymbols are
identified, they will examine these in a part-task study. The results sfullg may be
eventually incorporated into other ongoing human-in-the-loop simulation projects and
ultimately into requirements for operational systems. The project will praetandard
document describing target symbols for ATC systems. The chosen symbols will be
supported by human factors research and best practices, and will account for the
operational requirements of ATC.

Future Terminal Workstation (FTWS)

Summary: The objective of the Future Terminal Workstation (FTWS) project is to create
a prototype workstation for the terminal domain that incorporates the technologg neede
to support NextGen. The prototype will be used to conduct human factors research on
NextGen operational concepts and procedures to determine their effect on aontrolle
performance, decision-making, and workload, and how the information necessary to
support NextGen in the terminal domain can be best presented and integrated onto the
controller workstation.

Description NextGen will bring substantial changes to terminal airspace in 2015-2025.
However, it is not known how the NextGen operational concepts, procedures, and
technology, combined with higher traffic complexity, will affect contrgtlerformance,
decision-making, or workload. It is also not known how the information necessary to
support NextGen in the terminal domain can be best presented and integrated onto the
controller workstation.



The objective of the Future Terminal Workstation (FTWS) project is toeceeptototype
workstation for the terminal domain that incorporates the technology needed to support
NextGen, and then use the prototype to conduct human factors research on NextGen
operational concepts and procedures. The prototype will be designed to follow human
factors best practices, keep controller workload at manageable levels, aredtheduc
likelihood for human error. The prototype will build on research and designs created for
other projects, and lessons learned from other systems, domains, and countries. In FY08,
we created the FTWS prototype and accompanying traffic scenarios. Thegmeaot
scenarios will serve as the platform for human-in-the-loop simulations in FY0Q®:-F

Research is directed at developing the FTWS platform using the Distributedringnt
for Simulation, Rapid Engineering, and Experimentation (DESIREE). FTWXoviBist
of several user interface “skins” that include different display desighsapabilities.
One skin will reflect the current Standard Terminal Automation Replacefystem
(STARS). The second skin will reflect STARS with several important npatikties
added, including Automatic Dependent Surveillance Broadcast (ADS-B) and ntrol
pilot Data Communications (DataComm). The third skin will bring advanced user
interface capabilities designed by other projects in the laboratory.

Researchers will conduct three human-in-the-loop simulations ovaeretttefour years
examining various human factors issues related to future teropeahtions. We expect
to deliver reports and briefings following each simulation.

Separation Management Project

Summary The Separation Management Project is a multi-year project to demenstrat
validate, and establish automation requirements for separation managemesenin the
route environment.

Description In the NextGen concept of operations, separation management will
incorporate new air traffic control technologies, automation, and procedures and
accommodate new aircraft equipment, capabilities, and types. The Separation
Management Project is a multi-year project to demonstrate, validate, ahtisist
automation requirements for separation management in the en route environment.

Researchers visited field facilities to gather information about agpamanagement
procedures that are currently being used. They conducted a cognitive walkthrtugh wi
subject matter experts to identify information requirements for sepamatnagement in
different air traffic control situations. They organized subject matf@eréxomments

and selected several separation management concepts for implementation in the
laboratory air traffic control simulator. In the coming months, they will conauct

concepts demonstration with subject matter experts using the simulatornkxtheear,

they will conduct a human-in-the-loop simulation testing the concepts and tools that have
been developed.



Traffic Flow Management System (TFMS)

Summary The TFEMS delivers information about all flights in the US to the Air Traffic
Control System Command Center, the en route centers, major terminal and tower
facilities, the airlines, the military and other organizations. These orgamzase tools
such as the Traffic Situation Display (TSD) and the Flight Schedule Mon&d/d) o
manage the flow of air traffic within the NAS. In 2008, human factors researche
supported development of a Reroute Impact Assessment capability, developed
requirements for the redesign of displays based on usability data, and conductedra H
Factors Review of Integrated Program Modeling.

Description The TEMS delivers information about all flights in the US to the Air Traffic
Control System Command Center, the en route centers, major terminal and tower
facilities, the airlines, the military and other organizations. These orgamzase tools
such as the Traffic Situation Display (TSD) and the Flight Schedule Mon&dd) o
manage the flow of air traffic within the NAS. In the past, we supported development of
these tools by evaluating information requirements, prototyping visual display
conducting usability assessments, and assessing benefits to human performance of
planned enhancements.

In FY08, human factors researchers continued providing the ongoing support. In
particular, we supported development of a Reroute Impact Assessment tgpabili
developed requirements for the redesign of displays based on usability data, and
conducted a Human Factors Review of Integrated Program Modeling.

Researchers participated on multidisciplinary teams and provided human factors
guidance in the design of system displays. They investigated current precadditeols
to gain an understanding of the Traffic Management Specialists’ meodil nThey
observed the users while they exercised systems in the operational and lgborator
environments, and identified usability issues. They reviewed proposed designs and
worked with the vendor to ensure compliance with established design guidelines and
standards. They also assessed benefits to the users of new capabilities anedmpr
designs.

Flight Strip Scanner Use with the Departure Spacing Program
at Air Traffic Control Towers

Summary The Departure Spacing Program (DSP) tool is in use at seven aar traffi
control towers (ATCTS) in the New York area. One of the data entry methodbéey @
DSP is scanning flight strip barcodes with a flight strip scanner. Humamdact
researchers investigated the use of these scanners and the differencestioneper
between facilities that may make one type of scanner more effectivenbituea

Description The Departure Spacing Program (DSP) tool is in use at seven air traffic
control towers (ATCTS) in the New York area. One of the data entry methodbéey @
DSP is scanning flight strip barcodes with a flight strip scanner. Humamdact
researchers investigated the use of these scanners and the differencestionsper
between facilities that may make one type of scanner more effectivenbidreia



The research team visited four DSP ATCTs. They observed operations and irgdrview
controllers about their use of the DSP flight strip scanners. The interviewgsdooushe
types of scanners used, the conditions that make one type of scanner more (or less)
effective, and any problems experienced with the scanners. Based on obseradtions a
controller reports, two factors influence scanner use at ATCTs: the phyi=ie of the
ATCT and the volume of traffic handled by the facility. Smaller ATCTs haviégddn

work surfaces and benefit when the scanners are mounted elsewhere (e.g.,apethe sl
surfaces of the consoles). Larger facilities have more work surfadebased on
operational need or controller preference, may need to move the scanner.

Though use of the gun-style scanner was reported to be infrequent, the ability to sca
multiple strips in rapid succession appears useful, especially during bgtsydfiime
operations. Reported technical difficulties may be contributing to the limited tisesef
scanners. We recommend that future scanners continue to provide this “aim and shoot”
capability and that scanner placement and cord length be considered carefully

National Traffic Management Log

Summary The FAA developed the National Traffic Management Log (NTML) to
electronically log, coordinate, and communicate Traffic Managementtivétia

information among Air Traffic Control facilities and the Command Center. Human
factors researchers supported development of the NTML by evaluating@tion
requirements, prototyping visual displays, conducting usability assessments, and
assessing benefits to human performance of planned enhancements. A new development
titled Electronic Coordination Capability will allow Traffic Managersa#ected facilities

and the Command Center to monitor and respond to flight restriction TMIs eledisgnica
eliminating the need for telephone coordination for the majority of TMI regjudsinan
factors researchers worked with a multidisciplinary team to idemtidyrmation and

display requirements for this new tool. They developed prototypes and evaluated them
through cognitive walk-throughs with the users, and validated the design with human-in-
the-loop testing.

Description Federal regulations require Traffic Managers to maintain a reconcffiicT
Management Initiatives (TMIs), to coordinate the implementation of some Wikh the
Air Traffic Control System Command Center, and to communicate TMI information to
Traffic Managers at all affected facilities as well as to the cdatsolithin their own
facility. The FAA developed the National Traffic Management Log (NC) kb
electronically log, coordinate, and communicate TMI information among Aifi¢r
Control facilities and the Command Center. In the past, human factors resgarche
supported development of the NTML by evaluating information requirements,
prototyping visual displays, conducting usability assessments, and assessiiitg be
human performance of planned enhancements. In FY08 we continued providing the
ongoing support. One of the new capabilities developed and deployed in FY08 was
Electronic Coordination.

The introduction of the NTML did not eliminate the need for coordination calls among
facilities. In the first quarter of 2006, for example, more than 54,000 flight testric
TMIs were processed system wide using the NTML, requiring approximately 85,000



coordination telephone calls. The impact of this volume of telephone calls is sighific
particularly in the complex, dynamic environment of a Traffic Management(OMiU).

The Electronic Coordination capability will allow Traffic Managers &&ed facilities

and the Command Center to monitor and respond to flight restriction TMIs eledlsgnica
eliminating the need for telephone coordination for the majority of TMI regjuest

As with other NTML enhancements, researchers worked with a multidiscipteem to
identify information and display requirements. They developed prototypes andtewdal
them through cognitive walk-throughs with the users, and validated the design with
human-in-the-loop testing.

Traffic Flow Management - Modernization

Summary The Traffic Flow Management Modernization program will replace the
Enhanced Traffic Management System. Researchers applied human fatiacptsin
support of various development efforts and provided guidance in system design
decisions.

Description The Traffic Flow Management Modernization (TFM-M) program will
replace the Enhanced Traffic Management System. We applied human factoguieshni
in support of various development efforts and provided guidance in system design
decisions. The following work was accomplished:

* Analyzed current use of the Common Constraint Situation Display (CCSD) and the
Web Situation Display (WSD); identified the functions that are used frequardly
significant system and usability issues.

» Conducted a feasibility study for using the graphical user interface fd¢rMPPost
Operational Reporting to accomplish the majority of Command Line commands.

» Conducted a study of the operational use of multi-headed workstations to assess
operational needs for glass space and provided recommendations for hardwaos select

TFM-M and the design decisions made during development.

» Reviewed prototypes of future concepts and provided feedback to the developer on their
feasibility and design.

National Airspace System Voice Switch (NVS) Human Factors Support

Summary Voice switches are the equipment controllers use to interact withcaindgr
radios, telephones, and intercoms. Controllers communicate via voice with pilots, other
controllers, and other facilities. The National Airspace System VoicelS{hVS) will
replace various aging voice switches at en route, approach control, and towerdacil

The NVS system architecture and technical capabilities will be coabigetifferent

from the current switches. The NVS may also bring some changes to the usaraster
and to characteristics of the voice signal itself. Human factors rbesesuare examining

the possible effects of these changes on controllers.



Description Voice switches are the equipment controllers use to interact with air-ground
radios, telephones, and intercoms. Controllers communicate via voice with pilots, other
controllers, and other facilities. The National Airspace System VoicelS{VS) will
replace various aging voice switches at en route, approach control, and towerdacil

The NVS system architecture and technical capabilities will be coabigetifferent

from the current switches. The NVS may also bring some changes to the usaraster

and to characteristics of the voice signal itself. Human factors rbesesu@re examining

the possible effects of these changes on controllers.

Researchers are providing consulting to the NVS program office in the anesey of
interface design and evaluation, and in conducting assessments of potential huongan fact
issues. In 2008, they examined existing requirements for two legacy voichesnétnd
identified human factors related items. In collaboration with engineerstfre program
office, they consolidated the human factors requirements, eliminated redwwsdamc
updated the requirements to reflect recent research and best practiceanTaksde

added human factors requirements based on FAA and industry standards. In addition,
researchers prepared a human factors assessment examining teeetigferent Voice
Over Internet Protocol (VolP) technologies on speech intelligibility. Sthdy will use
established human factors protocols and will examine the potential effects ar regul
speech and speech specific to ATC operations.

Airport Traffic Control Tower Simulation Infrastructure Developmen t

Summary This project seeks to extend the existing FAA-owned ATC simulation
capability to create an Airport Traffic Control Tower (ATCT) simulatiapability. The
ATCT simulation infrastructure will support research on concepts such as tfeel Sta
NextGen Tower, digital data communications, and integrated ATCT information
displays. The ATCT simulator will also have the ability to integrate witstiexg
simulation capabilities to enable end-to-end simulation that encompasses ATCT
terminal, and en route airspace.

Description Numerous air traffic control (ATC) simulators have been developed and
marketed. However, the vast majority of ATC simulators are proprietadupts
developed for simulation and training purposes rather than concept research. The
proprietary nature of existing ATC simulators renders them inflexikjeeresive, and
limited in capabilities regarding rapid prototyping and data collection.

The current project seeks to extend the existing FAA owned ATC simulation cpabili
supported by the Distributed Environment for Simulation, Rapid Engineering, and
Experimentation (DESIREE) and the Target Generation Facility locatad &Yilliam J.
Hughes Technical Center to create an Airport Traffic Control Tower (AB8iulation
capability. The ATCT simulation infrastructure will support research onegiasuch as
the Staffed NextGen Tower, digital data communications, and integrated ATCT
information displays. The ATCT simulator will also have the ability to integnath



existing simulation capabilities to enable end-to-end simulation that enca@s@eBST,
terminal, and en route airspace.

Powered Air Purifying Respirator Feasibility Study

Summary Respiratory protection is one of the tools that the FAA may use to minimize
the spread of disease among staff that cannot function remotely in time®oahat
emergency. Researchers at the William J. Hughes Technical €entarcted a study to
assess the feasibility of conducting maintainer and ATC-type tasks wdaleng
respirators

Description Safe and efficient movement of air traffic is particularly importarihe
nation’s air transportation system in times of national emergency. In thech\a
pandemic flu, the FAA will deploy many tools to minimize spread of the diseasggam
its workforce and to maintain National Airspace System operations. Some rsarhbe
the FAA staff may telecommute; others will be engaged in tasks that cannot be
accomplished remotely. Air traffic control can only be accomplished atraffid@
Control (ATC) facilities. Respiratory protection is one of the tools that A#e mRay use
to minimize the spread of disease among staff that cannot function remotelytyleso s
of respirators have been proposed: Powered Air Purifying RespiratorKREp A air
traffic controllers and N95 half-face masks for Technical Operatios®peel.
Researchers conducted a study to assess the feasibility of conduaitimgmer and
ATC-type tasks while wearing respirators.

The research method consisted of two phases, an initial usability assessdikbeitanit
respirator styles and models, followed by an experimental evaluation of user
performance. During the usability assessment, researchers atkakaracteristics such
as the noise level created by the PAPR blower and the weight of the equipment. They
also evaluated the use of other equipment such as telephones and binoculars. During the
experimental evaluation, they measured human performance in part-taskanghgse
tasks were representative of air traffic controller tasks and techneatmms

maintenance tasks. Speech intelligibility and visual performance withRAB& models
were measured, and speech intelligibility and performance of mainteaksantith

three N95 models were measured. Researchers also collected subjeativend#he
participants about their comfort and well-being over time. Detailed daligsaesare in
progress.

Longitudinal Validation of ATC Selection Instruments:
Assessment of Cognitive Aptitude

Summary An analysis was conducted to assess validity of the Air Traffic Swlemtd
Training (AT-SAT) selection test battery when selecting Air Natran Service

Providers for the NextGen system. AT-SAT was shown to correctly predaciroes for
73.5% of the trainees. Thus, the use of AT-SAT as a selection instrument has additional
support.



Description CAMI tested 72 Academy ATC classes (1,069 students). One purpose of
the testing was to obtain biographical information about incoming ATC students. Anothe
purpose was to obtain information relevant to the longitudinal validation of the Air
Traffic Selection and Training (AT-SAT) selection test battery. In axditesearchers
needed to assess, in an experimental setting, the effectiveness of néwatestght be

used to replace AT-SAT subtests when selecting Air Navigation Semog&lers

(ANSPs) for the NextGen system. This will be important if we learn thgothef the

ANSP is sufficiently different from today’s ATC Specialist job to reqoinanges to

selection requirements.

An analysis was conducted to assess validity of AT-SAT in predicting Rerhoe
Verification (PV) outcomes. AT-SAT data and PV outcomes were comparea for si
hundred fifty applicants who took AT-SAT as part of the hiring process and completed
initial training at the FAA Academy. Using logistic regression on a $uA3eSAT was
shown to correctly predict PV outcomes for 73.5% of the trainees. Thus, the use of AT-
SAT as a selection instrument has additional support.

Development of Methods to Assess Applicant Temperament
and Emotional Stability

Summary CAMI personnel were instrumental in replacing the 16PF, a psychological
screening test for ATC Specialist applicants, with the MMPI-2, a néviotiescreening
Air Traffic Control Specialists. Based on research conducted at CAMI, thBIN2Mvas
found to be a more sensitive indicator of potential psychopathology.

Description CAMI personnel were instrumental in replacing the 16PF, a psychological
screening test for ATC Specialist applicants, with the MMPI-2 in FY0& ifiviolved
developing plans for administering and scoring the MMPI-2, identifying a sealeSsc

and cutoff scores to be used to refer unsuccessful applicants for further testing,
developing letters to both notify applicants who will be required to undergo additional
assessment before they can be medically cleared, and to inform psychologisteeabout
procedures they should use when conducting the second tier testing. Coordination also
occurred with FAA headquarters to identify their role in the administration and
interpretation of MMPI-2 results and to provide feedback to applicants who do not pass.

CAMI personnel also established procedures for collecting test data on persona
computers and transmitting the results in a secure fashion over the internppdn ®f

this effort, they: (1) worked with ATO Information Technology personnel tondefi

security needs to ensure secure administration of the MMPI-2 at everyaefityf (2)
arranged with Pearson Assessments, owners of the MMPI-2, to place the softwaare
FAA server; (3) pilot tested the software multiple times with seveoalps of pseudo-
applicants to be sure it worked and ensure the security of the data transmissad; (4)
established a procedure for applicants to take the test locally, then upload the s2sponse
so they could be scored at a centralized location.



Researchers provided assistance to ATO-A with efforts to incorporatéMifd-2 in the
Pre-Employment Processing Center (PEPC) concept that allowed rappdngcof
application data from candidate air traffic controllers. The researchttaaated to the
first PEPC in each region, ensuring that MMPI-2 testing was conductedsiutige and
interacted with the Regional Flight Surgeons to ensure that they understood how to
conduct second-tier testing. Finally, researchers reviewed the psyclablegis
submitted by candidates who failed the MMPI-2.

Evaluation of ATCS Biographical Data
and Interview Selection Procedures

Summary CAMI personnel developed a structured interview process to use for ATC
Specialist applicants. Interviews are conducted by facility manafjersa centralized
selection panel has made a tentative job offer. The interview is used to makenagoiac
decision, based on past experience, and assess candidate suitability for the job

Description CAMI personnel developed a structured interview process to use for ATC
Specialist applicants. Interviews are conducted by facility manadfersa centralized
selection panel has made a tentative job offer. The interview is used to makenagpii.c
decision, based on past experience, and assess candidate suitability for the job. The
interview process was accepted by ATO-A and operational use began. FollaW-up w
occur to determine that the process is being used properly.

Researchers developed a biographical inventory called the CAMI LifaiExpes
Questionnaire (CLEQ). The purpose of the CLEQ is to identify candidates who are

likely to pass the AT-SAT selection battery so they can be targeted tATaBAT. As

the cost of taking AT-SAT is about $800 per person, not everyone who expresses interest
can be allowed to take the test. Prior to implementation of the CLEQ, candideges we
randomly selected to take AT-SAT, so use of the CLEQ improved the selecti@ssroc

A shortened, empirically-keyed, response-option scored biographical data erstruith

be available in 2009.

Researchers examined applicants’ reactions to the ATC Speciaidi@elprocess.
Several focus groups were held with newly hired controllers during CAMdnese
testing sessions. Issues identified by the new controllers about the hooegp were
summarized and reported as an interim product.

Concurrent Validation of AT-SAT for Placement

Summary CAMI continued participation in an effort to demonstrate the validity of the
AT-SAT selection battery for predicting job performance of tower otlats.

Description CAMI continued participation in an effort to demonstrate the validity of the
AT-SAT selection battery for predicting job performance of tower otlets. Validation



for the tower job will allow AT-SAT scores to be used to place applicants ineyetiff

types or levels of facilities. In FY08, the research team used the updateskj@msdysis

and worked with tower control instructor subject matter experts at the FA/AeAganb
develop 51 performance measurement scenarios and 173 question items for use in the
collection of criterion data.

Develop New Practical Color Vision Tests for ATCS Applicants

Summary CAMI researchers developed a new practical color vision test for selettion
air traffic controllers to ensure that those selected have adequate saartgibe able to
operate the color displays in ATC facilities.

Description CAMI researchers developed a new practical color vision test foriealect
of air traffic controllers to ensure that those selected have adequate calorteibe able
to operate the color displays used extensively in ATC facilities today.

The Air Traffic Color Vision Test (ATCOV) was developed in FY07, and was vatidate
for operational use in FY08. The ATCOV validation consisted of two studies. The first
tested 81 color vision deficient and 152 color-normal subjects. This study provided
information about ATCOV'’s validity, reliability, and standardization. The valati
empirically indicates that, with selected cut-off scores, ATCOV exibgh specificity
and sensitivity. Approximately 7% of color vision deficient applicants are seghéx

pass ATCOV, as they will perform as well as 95% of the normal population. ATCOV
was demonstrated to be highly reliable, uncorrelated with cognitive alilign be self-
administrated or instructor-administrated with minor training of proctors.

Strategic Job Analysis - Selecting the Controller of the Future

Summary CAMI researchers are conducting a strategic job analysis (SJA)abaibes
the new roles of Air Navigation Service Providers with the evolving NextGen ptsnck
operations, technologies, and procedures. The SJA will identify new or changed
requirements linked to NextGen and develop specifications for assessment of those
requirements.

Description CAMI researchers are conducting a strategic job analysis (SIA) tha
describes the new roles of Air Navigation Service Providers (ANSP). R3€R

evolves, ANSPs will use a highly automated system, sharing separation resipiessibil
with pilots, and moving toward performance-based services. In parallel withreyol
NextGen concepts of operations, technologies, and procedures, the SJA will idewtify
or changed knowledge and skill requirements, and develop specifications fenssses
of those requirements to ensure that future ANSPs will be able to fulfill new ayezhan
roles and responsibilities in the NAS by 2025. The first step toward accomplisising t
goal is to develop a prototype Job Analysis Information Database (JARIBY.48,
existing sources of ATC Specialist job/task analysis information arg mntified,



assessed, and integrated. Specifically, the AIR and CTA-SACHA listxarg
compared and integrated at the Activity, Sub-activity, and Task levels offtescri
starting with the air traffic control tower cab.

The second step is to identify NextGen initiatives for analysis. Gainingatzéhe
appropriate NextGen managers and development teams is an on-going challenge but is
critical to the success of the SJA effort. To date, the team responsible apttmized
descent profiles demonstration project over the summer of 2008 has been most
responsive and collaborative.

ATC Safety Risk Assessment Analysis

Summary CAMI researchers conducted a study to assess the probahdityan ATC
Operational Error will occur by taking into account the amourinoé actually spent on
position during normal operations. Without other variables, the overall ativaul
probability is very low, .05%.

Description CAMI researchers conducted a study to assess the pigbtiat an ATC

Operational Error (OE) will occur based on: (1) exposuredddy activities while

working on a given shift at a particular time of day, and (2) theuat of time spent on
position. In the past, most information about OEs was based only offréagiency of

occurrence under various conditions. Data recently became availadileallowed

conducting analyses that take into account the amount of time acpaly on position
during normal operations. The probability distribution of an OE occurrisgdban the
number of “sign ins-sign-outs” that occur within 10 minute timervas was computed
for six en route centers having the largest number of OEs durh@@6. The

probability of an OE occurring within any given 10 minute intervabea from .002%
(at the 90 min. interval) to .006% (at > 120 min. interval), resultingninozerall

cumulative probability of .05%.

Flight Strip Studies

Summary CAMI researchers worked to understand the information needs of controllers
in order to allow designers to develop displays that not only present the types of
information that are needed, but that also adapt to enable information to be available
under the appropriate conditions.

Description CAMI personnel worked with faculty and students from Texas Tech
University on a project to understand how, why, and when tower controllers use
information. Understanding the information needs of controllers will allow dessgo
develop displays that not only present the types of information that are needed, but that
also adapt to enable information to be available under the appropriate conditions.



Quantifying the relevance of information can be helpful in effective disj#aign. Three
reports were produced. The first, on the use of flight progress strips, idbkevéolan the
International Journal of Aviation Psychology. The second report showed that the
information objects of highest relevance for each position were Air Tiafficmation
Service message for FD/CD, and primary target for both Ground and Local Control.
When looking at the information objects with maximum relevance scores, it is apparent
that the large majority of those information objects above one standard deviaton wer
weather related. The third report showed, among other things, that during a runway
closure, ground controllers need more aircraft identification information, antcumi
aircraft malfunction, local controllers need more aircraft type infoonati

Development and Support of a Human Factors Concept of Operations

Summary CAMI personnel initiated a project to develop a human factors-driven Concept
of Operations (ConOps) that will provide designers with the knowledge needed to
develop a new air traffic control system capable of accommodating maeabents of air
traffic while also maintaining or increasing air traffic safetyels above those of today.

Description CAMI initiated a project to develop a human factors-driven Concept of
Operations (ConOps) that will provide designers with the knowledge needed to develop a
new air traffic control system capable of accommodating greater anaiuaitdraffic

while also maintaining or increasing air traffic safety levels abovetbbsday.

In support of this effort, researchers conducted two independent studies in pBualtel.
relied on an updated hierarchical job/task analysis of en route air traffiolconkre first

study reviewed the current JPDO ConOps, the OEP solution sets, and studiegedssocia
with the ConOps that have been performed by MITRE to determine how each air traffic
control function included in the task analysis is allocated in NextGen. The second stud
used knowledge of human factors and cognitive psychology literature to idémetify
relevant issues associated with each function. The two matrices thegddsuh these
studies have been used to identify inconsistencies and problem areas and suglgest whet
human factors research can be conducted to fill in any identified gapslitiodCAMI
personnel conducted a feasibility study to identify a draft set of factonsseteeinclude

in scenarios against which ConOps solutions can be tested. This will show the extent of
solution benefits and reveal situations where ConOps solutions need to be improved or
extended.

Tower External Visual Requirements
Summary CAMI researchers are examining eye-movement and visual air tafftcol

information found external to the ATC tower cab to support development of virtual tower
displays.



Description Data regarding visual air traffic control information found external to the
tower cab are needed to support the development of virtual tower displays. Developers
of new displays need to know what information to provide to remote controllers working
at virtual towers, where that information can be found, and when controllers will need
access to it. CAMI researchers are conducting a study to identify extéanmation
requirements for tower controllers. The plan is to collect eye-movement samdagx

visual information requirements data during both civilian air traffic towetrol

simulations and live operations at Navy air traffic towers. Additional aisaby&ye-
movement patterns will be conducted and will result in the publication of a prelyminar
external visual information requirements document.

ATC Information Complexity

Summary Research is being conducted to measure information complexity and assess
the effects that the design of new ATC displays may have on controller pemtm @iad
workload. Results argue against the philosophy that operators can learntteetyfand
efficiently use information provided by technology simply by practicing.ffeint
experiment found that, even when individuals easily learned the meaning of information
presented in a data block with simple paper-pencil training, when required to monitor
multiple data blocks presented on a computer screen for a sustained period of time, they
only achieved an average of 50-60% accurate performance in this seemingéytaskpl
Overall, de-complexity might be needed to improve performance effectiveness
monitoring tasks.

Description Human factors researchers developed two questionnaires to measure
information complexity associated with ATC displays. It is necessarg#asune
information complexity to assess the effects that the design of new AT@ydisphy
have on controller performance and workload.

Several studies were conducted for this project. One study investigated mireatineg
could aid individuals in improving their performance on a task that involved monitoring
the status of data blocks. The results suggested that performance improvesnent wa
constrained by several factors: the complexity of the data block, the typésrafation
included in the data block, the time that subjects spend on the tasks, and the ways in
which subjects used the information. These results argue against the philosophy that
operators can learn to effectively and efficiently use information providegchypology
simply by practicing.

A different experiment found that, even when individuals easily learned the medning
information presented in a data block with simple paper-pencil training, whemee to
monitor multiple data blocks presented on a computer screen for a sustained period of
time, they only achieved an average of 50-60% accurate performance in tiisgbge
simple task. Moreover, there was no improvement in this type of monitoring perf@manc
when more practice trials were provided. The results suggested thagt@inin



monitoring strategies including de-complexity might be needed to improve perfigman
effectiveness on monitoring tasks.

Dynamic Comprehension: Time on Position and Mental Fatigue

Summary Human factors researchers are examitigminimum amount of time a
controller needs to develop situation awareness following a position transfer, and the
maximum amount of time a controller can be on position before suffering a loss of
situation awareness due to mental fatigue.

Description CAMI researchers began a series of studies to allow them to determine the
minimum amount of time a controller needs to develop situation awareness following a
position transfer, and the maximum amount of time a controller can be on position before
suffering a loss of dynamic comprehension due to mental fatigue. An initiyl was
conducted to determine whether two measures of situation awareness (objective
oculometer measures and subjective ratings) could measure chattgediffsculty of a
scenario changes. The results suggested that variation in task perforikelpde be

related to situation awareness was correlated with variation in ratingse malyses

will investigate whether changes in the oculometer measures amelalied to changes

in situation awareness.

Validating the Skills Evaluation Rating Form used for
Air Traffic Controller Specialists

Summary FAA-funded human factors researchers at the American Institutes for
Research (AIR) are working to conduct a concurrent criterion-relatielityatudy of the
AT-SAT battery for the selection and classification of air traffic cargpecialists

(ATCSs) in the Tower Option. Although a performance measurement instrument is
being developed specifically for this project, there is a need for an additididaked

tool for measuring the “over-the-shoulder” performance. Although the FA# For
3120.25 was designed for this purpose, a formal validation evaluation has not been
conducted on this instrument. Once validated (and modified if necessary), the form will
be used in conjunction with additional measures of performance. In June of 2008, AIR
began assessing the validity of this form. This evaluation will allow for agsasalf the
job-relatedness of the current Skills Evaluation Form, for modifications to th&tool
allow the form to meet the 19Tiform Guidelines on Employee Select{dn
modifications are required), and for an evaluation of the reliability of theactta®l. To
date, AIR has developed a detailed research plan for achieving the objective of this
project and has worked with FAA sponsors to identify and schedule subject matter
experts (SMES) to participate in the evaluation activities.

Description AIR conducted a review of the current processes and practices for
evaluating controller performance using the Skills Evaluation Form in afl &FES job
options (i.e., Tower, TRACON, and ARTCC). AIR also met with FAA sponsors (AHR-4



and AOV) and other stakeholders (e.g., ATO-T, ATO-E) to discuss projedsdetai
including the availability of SMEs, and the processes required to gain accesseto the
SMEs including communication with the National Air Traffic Controllers Asstmn
(NATCA). AIR worked with these FAA sponsors to help identify and disseminate the
requirements for participation and to develop a schedule for SME patrticipation in the
required exercises. The result of these activities was a detailedcrepéan for
completing the evaluation activities. The next phase of the project will involve
conducting focus groups with air traffic control SMESs to assess the aligofiiet
content of the current form with the content of the job as currently defined in ayecent
completed ATCS job analysis.

Safety Culture Transformation in Technical Operations

Summary The primary purpose of this project at St. Louis University is to measure the
status of the safety culture within the Technical Operations segment ofrtheaffic
Organization and to develop the appropriate interventions to bridge the largest gaps
between existing and desired levels of safety culture.

Description In FY08, emphasis was placed on development and support of a non-
punitive error reporting system for Technical Operations as well as evaloathe
safety culture at the end of the research project. Several briefingheldrat the
demonstration sites to encourage the employees to submit Aviation Satiety Rlan
(ASAP) reports. The reports received during the research period wereezhalgnd in
collaboration with the event review committees, solutions were recommendefthalhe
report was developed. A pre- and post-ASAP comparison of the safety culture showed a
slight shift in the safety culture toward the desired direction. This is eadkesshift and
evidence that an ASAP program can be effective in improving safety culture.dflany
the recommendations resulting from these reports are under implementatiorarend pl
are underway to present the final report and recommendations for national
implementation.

Selection Research for Technical Operations Personnel

Summary Human factors personnel are conducting research on the selection of personnel
for the Technical Operations career field. In 2008, they developed a revisedtadtoma
crediting plan and a prototype guide to use for structured interviews of Technical
Operations job candidates.

Description Human factors personnel are conducting research on the selection of
personnel for the Technical Operations career field. In 2008, they finalized aretetli
a revised automated crediting plan for the FV-2101 and FV-0856 occupations in ATO



Technical Operations to AJA-55 and AHP-100. They also developed a prototype guide to
use for structured interviews for the FV-2101 and FV-0856 occupations. This prototype
interview guide was delivered in May 2008 to AJA-55, and has since been implemented
by the ATO. Additional research was done identify or develop alternatesamsds of
non-technical competencies, such as personality tests.

Anthropometric Data Collection of Technical Operations Personnel

Summary The FAA Human Factors Design Standard (HFDS) provides a wide range of
anthropometric data to be used in the design of FAA systems, equipment, andsfacilitie
The HFDS requires that FAA systems and equipment be designed for personrtefrom
5™ through the 98 percentile levels of the physical characteristics that representehe us
population. Because of changes in the workforce over time, human factors reseaechers
collecting anthropometric measurements directly from members of tiital

Operations workforce. This information will be used to update the HFDS.

Description Anthropometric data from the FAA Human Factors Design Standard
(HFDS) is used in the design of FAA systems, equipment, and facilities. Howlexe
current data is based on measurements taken on Department of Defense {{Defp) m
personnel over the past 50 years which may not be applicable to the Technicab@perati
(TO) workforce of today. For example, studies show that there is an increasacaneig
weight of the average American today compared to 20-40 years ago. To that end, it is
desirable to collect anthropometric measurements directly from meuoifiibes

Technical Operations workforce.

In order to collect the desired anthropometric measures, a team is traveliechnical
Operations worksites that have large numbers of personnel. The distribution of the
Technical Operations workforce is known in terms of sex, age, and ethnic/racial
background. Sites were selected in an attempt to achieve geographicatydigeznsure
that the distribution of the sample being measured is representative airitierae
distribution. Data collection has taken place at 25 sites. At these sites, 97@maales
244 females have been measured. The data are being analyzed and the summary
statistics prepared. The output will be an update to the Human Factors DesigndStanda

Alarms and Alerts in the Technical Operations Environment

Summary Researchers are producing a stand-alone standards document that provides
design criteria and guidance for the presentation of alarm and alertis $tgtiee

Technical Operations environment. Some of the design criteria provided may be
applicable to other environments and work forces.

Description An alarm and alert standard summarizing available knowledge regarding
the presentation of alarm and alert signals in the Technical Operationsnemsnt is

being prepared by human factors researchers. This standard builds upon the excellent
work conducted by researchers in the Human Factors Research and Enginesaring Te



William J. Hughes Technical Center. The standard will provide specifitagoe criteria
for the colors to be used in the visual alarm and alert signals as well aggpaet to
be used in the aural signals.

#

Program Manager Glen Hewitt directs activities focused on the application and
integration of human factors engineering in systems acquisitions relatedldefinition,
procurement, design, development, testing and implementation of diverse syst@ms wi
the FAA and National Airspace System. Activities are conducted thatsreiaed with
building a human factors engineering program within the FAA and its systems
engineering community. The program addresses: the application of hunuais fact
engineering during mission and requirements analysis and development; imtestme
analysis; product analysis; design, development and testing; source sqlespiarmation
and evaluation; and post-deployment data collection and analysis.

The objectives associated with this program are designed to ensure thabtperation

of human factors engineering is explicit, timely, systematic, comprefeemsficient and
effective. Efforts relate to identifying and defining system-spebiiman factors
requirements, assessing human factors risks, providing technical solutiong#bemit

risks, advising on policy decisions related to human factors engineering, aogduct
human factors training, acquiring and supporting human factors tools and technologies,
and implementing human factors plans. Technical support to system acquisition
programs encompasses areas of study related to human-computer interfacg asizhf
training, workload, procedures, documentation, communications, and other salient
human-system interface issues.

Listed below is a description of FY 2008 Human Factors Research and Engineering
activities.

R&D Identification and Mitigation

Summary The human factors team planned and conducted human factors risk and
mitigation review activities across ATO Service Units' systems pplications in order
that human factors issues/potential impacts and risks were coordinated andrdedume
Recommendations and assistance were rendered as appropriate.

Description Risk and mitigation activities were conducted on acquisitions to document
human factors impacts and to provide recommendations. Services included: (1)



supporting the integration of human performance in the NAS Enterprise Architegture
defining a human factors approach, identifying issues and recommendations, and
coordinating the approach to be consistent with system engineering act{2ities
identifying and conducting risk reduction activities that directly support ttersy
acquisition programs’ ability to meet human factors engineering objectivebverde
high quality products, especially in support of performance-based acquisition
requirements determination efforts; (3) supporting ATO-S on Safety Manageme
System and Safety Risk Management initiatives to facilitate irttegrauman factors
engineering in safety applications, especially for human reliabgggssments.

R&D Human Factors Engineering Capability Support

Summary Members of the team facilitated human factors engineering ciigabi the
FAA by monitoring, planning, and conducting human factors activities related t
policy/guidance, processes, and best practices for FAA system acquisitions.

Description Human factors engineering capabilities support was provided for FAA
systems acquisitions. The team monitors and revises policy and procedsddoela
human factors for the FAA and the Acquisition Management System (AMS). thetivi
included facilitating the integration of human factors engineering, eslyga support of
establishing human factors priorities, demonstrating best practices (sacthasan
factors in Post Implementation Reviews), providing quality control, or stanaeydiz
human factors methods, techniques, guidance, and criteria for the AMS anckits syst
acquisitions.

Human Factors Scientific and Technical Support

Summary Senior scientific and technical advice and assistance on human factors was
provided to support the Human Factors Research and Engineering Group and to ensure
that the Program Director has the information to successfully manage humas ifacto

FAA acquisition and research programs.

Description Members of the Human Factors Research and Engineering team provided
support to program management through participation at meetings with other FAA line
of business. Human factors personnel also participated in meetings with tharieepar

of Transportation Inspector General, Government Accountability Officé;eOdf
Management and Budget, National Aeronautics and Space Administration, cangessi
committee staffers, and domestic and international groups with regard ty ageman
factors issues and accomplishments. A key activity was collaboration oikigneups

and organizations to promote human factors engineering initiatives. Team raatisbe
supported program managers by providing timely feedback, analysis, ctordiaad
identification of human factors risk areas that may require senior manageattamttion.



ATO Model Workplace Standard

Summary Members of the team demonstrated commitment and support to the agency’s
Model Equal Employment Opportunity Program by applying equal opportunity prisciple
in order to contribute to a productive, proficient, and hospitable workplace.

Description The Human Factors Research and Engineering team supported the Model
Equal Employment Opportunity Program by: (1) consistently demonstiatithg
maintaining a positive and professional attitude; (2) promptly initiating resolat
differences with co-workers as soon as situations occur; (3) promotinga wor
environment that is free of hostile, offensive, or abusive behaviors by not creating or
condoning this type of behavior and treating others with dignity and respect in the
workplace; (4) exercising courtesy, integrity, and diplomacy in all contaatis internal

and external to the organization; (5) actively demonstrating teamwork through the
principles of inclusion, negotiation, effective communications, and collaborative
decision-making.



