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Air Traffic Human Factors Concept Research

NAS Human Factors Branch (ACT-530)

1. Overview

This document describes a research program to be conducted by the NAS Human Factors Branch, ACT-530, under the sponsorship of the Human Factors Division, AAR-100, during fiscal year (FY) 2000.  ACT-530 conducts human factors research and work primarily in Federal Aviation Administration (FAA) air traffic control and airway facilities domains.  The work covered under this specific program directive involves air traffic controller and airways facilities human factors research derived from advanced concepts as established in the FAA’s Concept 2005 document and NAS version 4.  These documents call for the implementation of changes that may alter traditional models of air traffic control. Such changes will likely impact air traffic controllers and airways facilities technicians. 

The air traffic forecast indicates that the air traffic will continue to increase and is expected to double in the next twenty years.  Meanwhile, the operating and maintenance systems of the National Airspace System (NAS) are aging.  New systems and concepts are essential. Therefore, the FAA is modernizing the automation systems that will be used by air traffic controllers and maintenance technicians.  

Modernization success will involve new approaches to resolving human factors issues.  ATS and other FAA management and  employee organizations have made great strides toward ensuring that users of the equipment must be actively involved in the development of new systems. System developers must consider the human factors issues early in the system design process. Doing so reduces potential costs and minimizes program schedule disruptions. 

The capabilities and limitations of personnel are important in current and potential future NAS configurations. This research is a necessary component of the overall system development program. There is the potential for human factors issues within each potential change and with the transition from the current system to new systems and concepts. 

The system will not improve simply by implementing change because we can. Developers must grasp the impact of potential change. In order to make informed decisions, designers and systems procurement personnel need data and feedback concerning what it means for the operators and the system. 

The NAS is a system in evolutionary transition. Many systems concepts are on the drawing board. Human factors should be an integrated part of every system slated for change or improvement. There are insufficient resources to effectively address all potential questions at once. We must tailor a human factors program in such a way to acquire data and additional understanding of the operator in the loop on a priority basis.  This is one piece of a larger picture, which must evolve over time. The FY 00 program and tasks described here can be considered as a starting point for a multiyear, multi-organization, and multi-method approach. The grand scheme of the overall effort will be created by the cooperative integration of the research efforts of the WJH Technical Center, other FAA and DOT organizations, as well as supporting contractor and university research. 

The mission of ACT-530 is to employ methods and tools for objectively measuring the effects of proposed enhancements to the National Airspace System. To achieve this mission, ACT-530 leverages resources by cooperating with other Technical Center organizations and working arrangements with FAA and outside organizations. 

The ACT-530 FY 2000 acquisition support research focuses on both air traffic control and airways facilities areas. 

ACT-530 will take principal responsibility for the planning, conduct, data collection, analysis, and interpretation in the research domains described in this document.

2. General Tasks. Shall include but not necessarily be limited to the following: 

· Problem definition and background research

· Operational definitions of all necessary terms and concepts

· Identification of measures and methods

· Planning and coordinating each of the research efforts 

· Ensuring clearance by the institutional review board for the ethical treatment of human participants

· Recruiting participants as required

· Setting up all equipment and software needed

· Arranging all necessary personnel to include research paraprofessionals and simulation pilots where required

· Scheduling resources 

· Conducting simulations where appropriate

· Planning and conducting a limited sample survey of controllers where applicable

· Developing and evaluating prototypes as required

· Conducting usability studies for acquisition support

· Developing  and/or improving measurement tools as required

· Collecting all required data

· Conducting analyses as required

· Writing reports or white papers in each respective domain

· Providing lessons learned and human factors recommendations

· Recommending appropriate follow-on research efforts

· Provide summary and updates to AAR-100 RMS system

· Provide AAR-100 with test plans on a timely basis

Task areas will be conducted in parallel to the maximum extent possible. Schedules are written in terms of months rather than specific dates. They assume a base month beginning with the signing of the program description document and subsequent funding. They also assume some carryover of research obligations from FY-99 due to schedule delays brought about by resource limitations, primarily simulation facilities and controller participant availability.

3.  Outputs:  

A. Technical reports, white papers, and oral briefings as appropriate to meet the sponsors’ and/or customers’ needs. 

B. Wherever practicable, refinements to ground side performance metrics, research methodology, and knowledge for assessments of future air-ground integration studies. 

4. Schedule.     

Each study will have its own schedule as indicated in the project summaries below. 

5. Relationship to other plans

The activities outlined in this plan were derived from the context of other strategic plans within the FAA. These strategic plans identify a number of key areas where human factors issues would be valuable to Air Traffic and Airway Facilities. Some of the major relevant topics, referenced by the source documents from which they were derived, are summarized under the appropriate activity.

6. Relationship to ARA Goal 2   

Goal two focuses on the role of human factors in aviation safety. It states the following objectives: By 2005, ensure human factors policies, processes, and best practices are integrated in the research and acquisition of 100 percent of FAA aviation systems and applications. Progress toward this performance goal will be measured by the percentage of systems and applications that satisfy human factors policies, processes, and best practices. The strategies ARA will pursue to accomplish this goal include: a)conduct human factors research to provide the knowledge base and foundation for the integration of human factors into acquisition of FAA systems and applications and b) apply human factors policies, processes, and best practice through engineering activities and assessments to ensure human factors are integrated in FAA acquisitions and applications. The program described in this directive is dedicated to supporting ARA Goal 2. ACT-530 shall keep AAR-100 informed on a recurring basis concerning progress of all projects described below.
Project Summaries, Schedules, and Cost Estimates

Program Area: Air Traffic 
Project Title: Decision support automation

Project Description: The Transportation Research Board  posed questions related to how and how much information should be displayed and about the roles and responsibilities in the future National Airspace System (NAS).  Human factors issues and design considerations associated with NAS transitions and integration of new technology into today’s operations are identified in the NAS Architecture Version 4.  Within the Research and Development Human Factors Laboratory (RDHFL) we have started a research program that will address these concerns with a focus on the implementation of decision support tools (DSTs).  To assess how the introduction of DSTs will affect Air Traffic Control Specialist (ATCS) performance and behavior, we will use controller and sector team performance, situation awareness, visual scanning, and workload assessment techniques developed or adopted by the RDHFL.  During FY99, the Decision Support Automation Research (DSAR) team designed an experiment that will systematically examine the effects of the introduction of a conflict probe at the Data Controller position on ATCS performance and behavior.  For FY00,  this research will refine the scope and focus on human factors issues involving integration of a DST into sector team operations including potential CHI design, automation, procedures, and training implications.

In the current NAS, en route DSTs are passive.  An ATCS generates a proposed solution and the DST indicates if the proposal is error free.  As currently envisioned, passive DSTs will eventually be fielded to most if not all ARTCCs.  The intersection of DST operational considerations and human factors issues poses the following as potential research objectives that will be refined based on increased insights and understanding gained from DSAR1.  Currently, controller teams limit themselves to single sector use of passive DSTs with requirements for coordination when aircraft transition from one sector to the next.

DSAR2 will involve a simulation with multiple sectors.  It will compare controller performance and behavior in alternative sector staffing patterns using a DST relative to staffing patterns using today’s operations and procedures.  In the proposed study, up to eighteen controllers will participate.  Controllers will work in alternating team configurations of (1) a single controller on a single sector, (2) an R and a D controller on a single sector, or (3) a single D controller supporting two R controllers.  The traffic flow across a predefined airspace will stay constant across experimental conditions.  The airspace can be divided into 6, 3, or 2 sectors depending on the team configurations.  Each of the controllers will control simulated traffic in each of the sectors within each of the airspace configurations.  The simulation approach will use a baseline comparison paradigm in assessing use of the passive DST relative to control without the tool.  To assess the effect of changes in team configurations, we will combine performance and behavioral results of the baseline (i.e., a single controller on a single sector) across sectors to compare them with the alternative sector configurations.  Performance and behavior as a function of the team configurations will be analyzed at the system level (i.e., related to the full airspace volume) and at the sector level.  Controller observations and comments on how well each of the configurations worked for them will be included in the final report.

  Schedule: Decision Support Automation Research (DSAR)

	Task to be Completed
	Time in Months

	Primary research design
	1

	Literature review on decision aid tools and staffing patterns 
	2

	Research Plan
	3

	Airspace definition and scenario development
	6

	IRB approval
	6

	Conduct simulation study
	7

	Conduct DR&A
	8

	Complete data analysis
	9

	Write Documentation
	10-12


Cost Estimate: Decision Support Automation Research (DSAR)  

	Cost Source
	Cost

	Contract Support
	

	Simulation Pilot Support
	

	Detail controller
	

	Participant OT/Travel
	

	Materials/Equipment/Miscellaneous
	

	Total
	


The cost estimate for this project is based on current planning heuristics involving direct recruiting of active controllers. Any changes to this process may incur additional costs. 

* 3500/ controller  used here due to longer anticipated stay by participants

Program Area: Air Traffic
Project title: Display Enhancements Research

Project Description: Several factors contribute to the complexity of ATC operations.  Increases in complexity have been associated with a higher controller workload and, consequently, more operational errors (Mogford, Guttman, Morrow, & Kopardekar, 1995; Stein, 1985).  This research examines methods of reducing ATC complexity that may have the potential to reduce controller workload and errors.  A recent study by Ahlstrom, Rubinstein, Siegel, and Mogford (1998) investigated how display enhancements can be used to present important information more directly to the controller thereby reducing complexity.  Ahlstrom et al. developed and prototyped several display solutions to the complexity-inducing effects of weather, active Special Use Airspace (SUA), transitioning aircraft, and reliability of radar/radio coverage.  A subsequent user evaluation showed that en route controllers predicted a substantial reduction of their job complexity from these display enhancements.

This research investigates the effects of these display enhancements on controller performance.  Display enhancements will be implemented and dependent measures such as the aircraft time in sector, the number of airspace errors, and controller ATWIT workload ratings will be collected in human-in-the-loop simulations.

Schedule: Display Enhancements Study

	Task to be Completed
	Time in Months

	Primary research design
	1

	Research Plan
	1

	Airspace definition and development
	4

	IRB approval
	5

	Airspace and scenario pretesting
	5

	Conduct simulation study
	6

	Conduct DR&A
	7

	Complete data analysis
	8

	Write documentation
	10


Cost Estimate: Display Enhancements Research 

	Cost Source
	Cost

	Simulation Pilot Support
	

	Detail Controller 
	

	Participant OT/Travel
	

	Materials/Equipment/Miscellaneous
	

	
	

	Total
	


The cost estimate for this project is based on current planning heuristics involving direct recruiting of active controllers. Any changes to this process may incur additional costs. 

Program Area: Air traffic control 

Project name: Tower Cab Controller Performance Metric Development

Project Description: The tower cab at most airports is a very complex place with many things going on simultaneously. Controllers work local control, assistant local control, ground control, clearance delivery, and other positions in some facilities. They interact with each other and with various technological resources. As part of the FAA’s efforts to modernize, keep up with the ever-increasing volume of traffic,  and  replace aging infrastructure there are a number of acquisition and requirements definition efforts operating. While researchers have expended considerable effort in defining the task structure for approach control and en route radar environments along with measurement tools to evaluate performance,  they have accomplished less in the tower cab. Task analyses exist but there is no definite set of controller performance measures available to assess the impact of new technology and concepts. The logical starting place to develop metrics  involves evaluating what exists for other venues and any measures that may be currently available. Other organizations are currently doing this according to informal communication with AAR-100.

This project proposes to develop a current and proposed metrics taxonomy leveraging from the results of the work cited in progress above. This means it must be relatively complete first or we will have to do it also which is a duplication of effort. This is an analytical project using the knowledge base and tools available in the human factors branch to create proposed new measures for use in tower cab operations. As such the cost will be fairly low employing contract and federal labor and the results of the products cited above. 

Schedule: Tower Cab performance metrics

	Task to be Completed
	Time in Months

	Metric concept description                                             
	3

	Receive and review lit review products
	6

	Create preliminary taxonomy
	8

	Obtain sme feedback
	10

	Revise and draft final metrics taxonomy
	12


Cost estimate: Tower Cab performance metrics

	Cost Source
	Cost

	Contract Support
	

	Travel
	

	Total
	


Program Area: Air Traffic  
Project title: Controller Strategies and Decision Making

Project Description: Air traffic control specialists (ATCSs) are decision makers in a dynamic environment involving many actors, constant updating of relevant information, and goals sometimes conflicting.  Controllers often must make difficult decisions with incomplete information, under severe time pressure,  and high workload.  The Panel on Human Factors in Air Traffic Control Automation recommended that automation efforts in the near future focus on the development of decision aids for conflict resolution and maintaining separation (Wickens, Mavor, Parasuraman, & McGee, 1998).  To be effective, decision support systems must rely on good models of human decision making. In a previous study of controller strategies inviewers collected input from field controllers concerning their current thinking and decision making based on how the NAS system works today.  

The current study will build on the foundation created by the data and analysis of the previous research. The results will be used as  pointers to identify targets of opportunity for more focused  interviews at different field locations than in study one. Given the current systems acquisition environment with new systems coming on line such as the URET tool, communications patterns between and within facilities will likely change. This project will attempt to document a baseline pattern of communication and coordination which could be used to facilitate implimentation of the new systems. Further,  this project area can benefit from and provide information to the decision support automation research which will be doing person-in-the-loop simulation. The two study areas will likely develop symbiosis as they progress. 

  Schedule: Controller Strategies and Decision Making 

	Task to be Completed
	Time in Months

	Update Literature Review

And interview Stakeholders
	3

	Operational definition of variables
	3

	Research plan
	4

	Develop structured interview form
	6

	IRB approval
	7

	Coordinate site visits
	7

	Conduct site visits and data collection
	9

	DR&A
	10

	Complete data analysis
	11

	Write documentation
	12


Cost Estimate:  Controller Strategies and Decision Making 

	Cost Source
	Cost

	Contract support
	

	Detail Controller 
	

	Field travel to conduct study
	

	Materials/Equipment/Misc.
	        

	Total
	


Program Area: Airway Facilities 

Project Name: Collaborative Decision-Making (CDM) for Maintenance Activities
Project Description: The future NAS will rely heavily on shared information both within a facility and between different NAS areas. The Concept of Operations 2005 describes a future involving increased collaboration between users and service providers for resolving strategic problems and ensuring the right service and priority is applied to service delivery.  AF Specialists in OCCs will need to collaborate with AT, ATM, SOCs, other OCCs, DoD, and others to establish priorities and make effective decisions in accordance with the latest concepts for NAS Infrastructure Maintenance (NIM).  Through collaborative decision making, priorities can be dynamically determined for AF maintenance activities, potentially promoting a more efficient use of airspace and decreasing delays. This project will investigate collaborative decision-making needs between AF and AT, and will develop recommendations on how to facilitate collaborative decision-making. 

 There are improved methods for collecting and processing NAS infrastructure data.  These data, available as an integral part of the NAS wide information system, are used to prioritize and schedule NAS infrastructure activities.  Users and service providers collaborate in this prioritization and scheduling, utilizing decision support tools that provide information regarding the coverage and status of NAS infrastructure components.

In 2005, NAS infrastructure management and air traffic management are creating an environment of user flexibility, collaborative partnership, and information sharing among themselves and with their users. Through collaborative decision making, service providers in 2005 focus on providing the best, seamless service to users. Close collaboration with infrastructure users ensures that the right service and priority is applied to service delivery.  
Schedule: Collaborative Decision Making for Maintenance Activities 

	Task to be Completed
	Time in Months

	Primary research design
	2

	Literature review on collaborative decision making 
	3

	Research Plan
	4

	IRB approval
	5

	Coordination of field visits
	5

	Conducting a limited sample survey of AF specialists and their customers concerning effective decision making
	6

	Collect observational data on current methods of decision making
	6

	Conduct data analysis
	9

	Write and edit report
	12


Cost Estimate: Collaborative Decision Making for Maintenance Activities 

	Cost Source
	Cost

	Contract Support
	

	Travel
	

	Materials/Equipment/Misc.
	

	Total
	


Program Area: Airway Facilities 
Project Name: Human Factors Design Guide (HFDG) Update

Project Description: The HFDG was developed to overcome the limitations of military design guides and standards, such as focus on design to meet battlefield conditions. Since its original publication in 1996, thousands of copies of the Human Factors Design guide have been distributed. It has become an essential reference for human factors professionals in identifying NAS specification requirements design guidance and criteria for the selection of COTS/NDI items. In the last three years, new information has become available that would provide further human factors design and COTS procurement guidance, necessitating revisions to some sections of the document.

This project will result in selected revised portions  of the HFDG . 

Schedule: Human Factors Design Guide living documents updates 

	Task to be Completed
	Time in Months

	Identify relevant resources
	2

	Review resources and evaluate relevant material
	3

	Write and revise scheduled topic areas
	7

	Prepare a draft chapter
	9

	Review and revise 
	9

	Write final report
	10

	Format document and prepare electronic version
	12


Cost Estimate: Human Factors Design Guide living documents updates

	Cost Source
	Cost

	Contract Support
	

	Materials/Equipment/Misc.
	

	Total
	


Program Area: Airway Facilities

Project Name: Human Error and Situational Awareness in Centralized AF

Project Description: As systems in the NAS become increasingly interconnected and more complex, it is becoming more important for AF specialists to understand the consequences of their decisions on other elements of the NAS. This is particularly critical as MCCs are consolidated into OCCs, causing the specialists to be responsible for an entire third of the country instead of a small area. This consolidation will also change the role of the specialist from that of a generalist to that of an area-specific specialist. This change will change the situational awareness from residing in an individual to being more distributed among individuals. Such changes in the situational awareness could increase errors and response time. 

This program proposes using human-in-the-loop simulations to investigate situational awareness in future OCCs, and will suggest ways for improving situational awareness. This program builds on research performed in the current year on situational awareness in advanced maintenance control centers. 

This effort will result in a report detailing the results of human-in-the-loop simulations.

Schedule: Human error and situational awareness in centralized AF 

	Task to be Completed
	Time in Months

	Primary research design
	2

	Research Plan
	4

	Scenario development 
	5

	IRB approval
	6

	Scenario pretesting
	6

	Conducting human-in-the-loop simulations
	9

	Conduct data analysis
	10

	Write documentation
	12


Cost Estimate: Human Error and Situational Awareness in Centralized AF

	Cost Source
	Cost

	Contract Support
	

	Subject Matter Expert
	

	Participant/OT/Travel
	

	Materials/Equipment/Misc.
	

	Subtotal
	


The cost estimate for this project is based on current planning heuristics involving direct recruiting of active controllers. Any changes to this process may incur additional costs. 

SUMMARY COST DATA FOR FY 2000 PROJECTS 

	PROJECT TITLE
	TOTAL EST. COST
	Prog area subtotals

	Decision Support Automation Research (DSAR)  
	
	

	Tower Cab Controller Performance Metric Development
	
	

	Display Enhancements Research 
	
	Air traffic

	Controlller Strategies Assessment
	
	

	Collaborative Decision Making for Maintenance Activities 
	
	

	Human Factors Design Guide living documents updates
	
	Airway facilities

	Human Error and Situational Awareness in Centralized AF
	
	

	
	
	

	TOTAL
	
	


The cost estimates  for these  projects are based on current planning heuristics involving direct recruiting of active controllers. Any changes to this process may incur additional costs. 

