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Office of System Architecture and Investment Analysis (ASD)]
1. Purpose: To provide guidance on integrating human factors in the activities of the mission and service area analysis.

2. Background: Many of the deficiencies of requirements development processes, investment analyses, and the subsequent acquisition programs can be linked to inadequate consideration of the human factors at the time of the mission analysis, mission need statement, and the expression of the capability shortfall.  Addressing the human factors considerations early in the lifecycle process will better enable presenting a viable business case as well as achieving the NAS goals as they impact the operational and technical capabilities.  Mission area activities that are typically impacted by human factors considerations include quantified shortfall analysis, concept of use, initial requirements, and rough-order-of-magnitude (ROM) costs.
The mission analysis considers business, technology, organizational, process, and human resource issues that affect desired service outcomes for which human factors can provide performance data including those related to such important areas as service demand, assumptions, constraints, and risks.  Mission area analysis employs industry best practices which include the consideration of human factors, especially for staffing, training, human-system integration, and safety impacts on the approach to solving capability shortfalls.  
Because the mission analysis may result in the refocus, reduction, or elimination of ongoing investment programs, as well as the identification of new and more productive investment options and because mission analysis may identify alternative paths for achieving service goals in a dynamic environment and may identify opportunities for improving FAA strategic planning, human factors consideration of these issues is important.  And, because some investment options may require research and development activity to demonstrate operational concepts, reduce risk, or define requirements before proceeding further, human factors considerations during the mission analysis process provide valuable insight to performance and cost considerations. 

3. Scope: This document describes the human factors component of the FAA Mission Analysis (MA) process and activities.  
3.1 The MA Process: The basic purpose of Mission Analysis is to identify, quantify and prioritize emerging shortfalls in FAA mission capability, as a prelude to possible capital investment to remedy the shortfall.  Service Area Analysis (SAA) and Concept and Requirements Definition (CRD) are the two sub-phases of Mission Analysis.  These sub-phases can lead to an Investment Analysis Readiness Review (IARR) and a Mission Need Decision.  When an SAA results in a draft Mission Need Statement (MNS), the CRD sub-phase normally follow the Service Area Analysis.  Collectively, these two decisions (MNS and IARR approval) represent the end of Mission Analysis and the first major milestone in the FAA Acquisition Management System (AMS), sometimes labeled the JRC-1 or EC decision or Mission Need Decision.  The IARR approval ensures that all of the operational, technical, and economic data needed to conduct Investment Analysis immediately after IARR/ MNS approval are in hand.  Human factors plays a critical role in the sub-phases of MA and it resultant decisions.
3.2. Human Factors Objectives in the Mission Analysis Process: The following human factors program objectives support the mission analysis process and activities:
3.2.1 Human factors community is to be constructively engaged in a process with other stakeholders that shapes the mission analysis process and activities to accommodate human factors expertise, introduce the fundamentals of human-centered design, and codify the process of quantifying human-system performance and measurement.

3.2.2 Mission analysis processes and activities are to include human factors activities to a level of specificity sufficient to ensure that human-system performance opportunities and limitations are adequately addressed in service area analyses.
3.2.3 Human factors research and engineering activities are conducted and documented in the planning and products of Concept of Use and Requirements Definition processes.

3.2.4 Human factors risk assessments are to be an essential criterion of the investment analysis decisions.
3.2.5 Human performance measurements (such as those included in Technology Readiness Level evaluations as outlined in Appendix B) are to be employed as a basis for determining readiness for technology transfer for emerging capabilities.
4. Human Factors in Support of Mission Analysis
4.1 Human Factors in Mission Analysis Activities:  Mission analysis is the critical beginning phase of lifecycle management policy.  It establishes the basis for long-range strategic planning by individual service organizations and the FAA as a whole.  It also identifies, defines, evaluates, and prioritizes mission shortfalls for improving service to agency customers.  Mission analysis consists of corporate-level mission analysis and service area analysis.  Table 1 represents the activities associated with mission analysis, the potential human factors contribution, and the level of human factors effort (i.e., High, Medium, Low) to support each activity.
Table 1: Mission analysis activities and human factors contribution
	Mission Analysis Activity
	Human Factors Contribution
	Level

	Identifying and quantifying projected demand for services, based on input from diverse sources such as the aviation community in the form of demand for service and capacity; NAS Architecture and long-range planners as projections of services needed in the future; operator and maintainer elements in the form of local site trends; Integrated Product Teams in the form of supportability trends of fielded equipment.
	HF identifies human-system performance, staffing, training, CHI, and other human-related service demands.
	M

	Identifying and quantifying projected technological opportunities that will enable the FAA to perform its mission more safely, efficiently, and effectively.
	HF identifies technological opportunities affecting human performance or human-system interface and integration.
	M

	Identifying and evaluating long-term FAA strategies based on the Target System Descriptions (TSD), (NAS Architecture, Operational Evolution Plan, and other high-level guidance.
	HF identifies human-system long-term research and engineering activities needed to support TSD and future NAS concepts.
	M

	Identifying and quantifying the existing and projected supply of services, based on information from field organizations that operate and maintain the NAS in the form of performance and supportability data; from the aviation community in the form of assessments of FAA-provided services; and from the NAS Architecture which defines what is in place and what is approved for implementation.
	HF identifies human-system performance deficiencies or opportunities for enhancement including those related to error management, productivity, and training.
	M

	Identifying, analyzing, and quantifying capability shortfalls (the difference between demand and supply) and technological opportunities to increase operational safety, efficiency, and effectiveness.
	HF provides information requirements for the quantification of human-system performance by which to determine capability shortfalls and assess technological opportunities.
	M

	Preparing MNSs, which summarize mission analysis and serve as the decision document for the mission need decision.
	HF supports MNS development.
	L


4.2 Service Area Analysis Activities: Service area analysis is conducted within the framework of the FAA’s strategic planning, to determine what capabilities must be in place now and in the future to meet agency goals and the service needs of customers. Service area analysis is the basis for long-range strategic planning by service organizations which includes developing and prioritizing a complete set of capabilities, initiatives, and other activities that improve service delivery incrementally over time.  Its purpose is to identify all business, technology, organizational, process, and human resource issues that affect service outcomes.  Service area analysis correlates service demand, assumptions, constraints, actions, initiatives, and risks with desired service outcomes, and identifies opportunities and initiatives that offer greatest value toward achieving service goals.
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Figure 1 Key Activities Of Service Area Analysis 

Service area analysis employs industry best practices (e.g., technology and service demand forecasting, portfolio management, and customer surveys) to align service outcomes with all actions and activities necessary and sufficient to realize benefits for the agency and its customers.  Human factors is a key ingredient in this analysis.  Figure 1 illustrates the key activities of service area analysis and Table 2 identifies the human factors contribution to these activities as well as a representation of the level of effort (e.g., High, Medium, and Low) required to support each activity.

Table 2 Service Area Analysis Activities and Human Factors Contribution
	Service Area Activity
	Description
	Human Factors Contribution
	Level

	Defining Services
	This activity defines expected service outcomes as they relate to FAA strategic and performance goals.  It also identifies business, technology, organizational, process, and human factors issues, as well as assumptions, risks, and initiatives that will affect desired service outcomes
	HF provides issues, risks, and opportunities that will affect service outcomes.
	M

	Gathering Information on the Service Environment


	During this activity, data are collected and used to forecast the demand for services over the planning horizon and to stay abreast of technological and other opportunities for improving service delivery.  Data sources include, but are not limited to technology and aviation forecasts, customer surveys, the operational environment, the NAS and Enterprise Architecture, the Capital Investment Plan, and FAA and Department of Transportation strategic plans.  
	HF supports performance data collection and technical validity and analysis of survey information.
	H

	Analyzing Functions
	This activity identifies and analyzes the functions necessary for different aspects of service delivery to determine if their criticality and potential value justify inclusion within a potential capability package.  The analysis investigates the costs, benefits, risks, and financial worth of each function, and determines its impact on overall service delivery.
	HF support the analysis of functions and service delivery with  human performance costs, benefits, and risks.
	M

	Assessing Service Area Capability and Identifying Gaps
	This activity compares the service capability that can be provided by existing and programmed assets against projected demand to determine capability shortfalls.  Shortfalls are quantified in measurable terms
	HF supports human-system performance measurement of the service area capability.
	M

	Identifying Initiatives and Aligning Them with Service Outcomes
	This activity identifies initiatives that can contribute to desired service outcomes, resolve service gaps, and mitigate service risk.  The initiatives may be new investments or nonmaterial opportunities.  Nonmaterial opportunities include reorganizations, reallocations of existing resources, and changes in doctrine, policy, regulation, service delivery concept, or training.  This activity also evaluates the impact of initiatives on the NAS and Enterprise Architectures. 
	HF supports the identification of initiatives that affect service outcomes including the identification of HF research and engineering projects that are required.
	M

	Developing a Service Delivery Concept
	The service delivery concept defines the overall strategy recommended over the planning horizon to optimize service delivery.  It identifies service needs, gaps, assumptions, constraints, actions, risks, and mitigation strategies with respect to those capabilities and functions that are necessary to 
achieve service goals. 


	HF considerations that enhance or hinder optimization of service delivery including training, staffing, human-system interfaces, error management, and other factors are provided.
	H

	Establishing and Prioritizing Capability Packages
	The capabilities and functions necessary to satisfy all or a portion of a desired service outcome(s) are organized into capability packages.  Capability packages may contain new or existing capital investment projects or other types of work that help resolve a capability gap and bring about a desired outcome.  They are evaluated and ranked using criteria such as benefit-to-risk, alignment with strategic goals, and financial worth to provide a range of potential costs and benefits for decision-makers.  This activity may also identify planned or in-place investments that do not contribute effectively to service goals and should be considered for elimination.
	HF considerations that affect benefits, risks, and priorities of capability packages are included.
	M

	Developing a Service Delivery Management Plan
	Service delivery planning defines the specific initiatives recommended for implementation over time that are necessary and sufficient to attain service delivery goals.  It includes performance measures and leading indicators that can be used to demonstrate progress toward obtaining projected benefits and goals.  These indicators are derived from agency performance targets and goals.
	Human-system performance measures as well as needed HF research and engineering  activities to be conducted in support of service deliver goals are identified.
	H

	Preparing a Mission Need Statement
	When service delivery planning identifies a capability shortfall that requires a new capital investment or package of investments, the need is documented in a mission need statement.  The mission need statement defines the problem, quantifies the service shortfall or technical opportunity, defines operational benefits and targets, specifies the criticality of the situation and impact on agency services if the need is not resolved, defines operational measures or targets, and estimates the resources that will likely be needed to resolve the mission need.  The capability packages that will move forward into concept and requirements definition are defined in a an appendix to the mission need statement.
	HF quantifies the human-system performance shortfalls and capabilities to be attained, provides human-in-the-loop system performance measures or targets, and supports quantification of operational benefits.
	M

	Planning for Concept and Requirements Definition
	The plan for concept and requirements definition defines what must be done in preparation for a mission need decision.  It (1) states objectives, (2) defines tasks and outputs, (3) establishes a schedule for completion, (4) specifies the resources that will be needed, and (5) establishes roles and responsibilities of participants consistent with agreements between the service organization and the requirements and investment analysis organizations.  When research or testing is required, it must be built into the plan for concept and requirements definition.  
	HF identifies research and engineering tasks/needs and the schedule for completion.
	H

	Recommending Changes to the FAA Strategic Direction
	When service area analysis identifies conditions in the service environment that deviate from those used as the basis for FAA strategic planning, the service organization recommends changes to FAA strategic plans where appropriate.  
	HF identifies major areas for strategic initiatives especially those related to performance errors, safety, training, and selection and staffing.
	L


4.3 Human Factors in Concept and Requirements Development Activities:
The CRD process steps are iterative in nature.  At any given step in the process, knowledge gained may require a review of outputs from previous steps, which may have to be updated to reflect new knowledge gained.  As each step in the CRD process is completed, the draft IARR plan, agreed to by the service organization and the responsible requirements and investment analysis organizations, must be continually updated to support final investment analysis.  Figure 2 shows the normal CRD process that will be followed for all proposed investment analyses (except when an FAE Waiver has been approved).  Table 3 outlines the CRD process activities and the human factors contribution.  Also see Guidelines for Human Factors Requirements Development [Hewitt, G. and Gray, R. (2004)] for additional information about human factors requirements. 
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Figure 2. Concept and Requirements Development Process
Table 3: CRD process activities and human factors contribution
	CRD Process Activity
	Description
	Human Factors Contribution
	Level

	Identify Shortfall and Quantify Impact of Service Capability Shortfall
	The Sponsor organization develops a draft MNS, which includes:

· A quantified description of the service capability shortfall; 

· The quantified operational and economic impact if that shortfall is not resolved (emphasizing the negative impacts on ATO performance metrics); and 

· The relative criticality of the shortfall and by when it must be resolved. 
	HF supports drafting the Mission Need Statement, including quantification of the shortfall and quantification of its impact on ATO human-system performance metrics
	M

	Determine the Appropriate Extent of CRD
	The sponsoring requirements organization decides the relative prioritization of the shortfall components and identifies which shortfall components/ possible investment initiatives should be addressed immediately through the CRD process.
	HF supports developing a description of initiatives to start the CRD process including HF research & engineering issues that are to be resolved.
	M

	Develop Architecture Outlook/Boundaries
	An architecture outlook/ boundaries assessment  ensures that each proposed alternative concept is consistent with the strategic direction and to ensure that all interdependencies within the TSD and Architecture are fully considered.  The boundaries assessment provides the acceptable scope or boundaries of a possible new investment program or concept.  The boundaries include: 

· Desired functionality
· Maximum cost
· Maximum allowable schedule
· Range of required technical performance that must be achieved by the new investment/ concept
	HF contributes human resource, productivity, and performance information to support the assessment of the Architecture impact.
	M

	Develop Range of Alternative Solutions 


	The Architecture and System Engineering organization working with the sponsor, the RE&D organization, and integrated product team(s), develops a set of low-risk and cost-beneficial (or cost-effective) alternative concepts to resolve the shortfall.  These concepts must:
1. Be consistent with the NAS Concept of Operations and TSD/ NAS Architecture
2. Satisfy the capability shortfall (but not necessarily all of the shortfall)
3. Have a positive impact on ATO performance metrics
4. Be able to be implemented within the boundaries established in the boundaries assessment
A summarized set of the alternative concepts is 
incorporated in the Initial Requirements Document (IRD).  
	HF supports Concept Descriptions of each proposed alternative with human resource and technical human-system performance information.
	M

	Complete Concept and Requirements Definition Plan
	Develop a plan for completing CRD activities by any prescribed or required deadlines for the IARR.  The Plan specifies the deliverables, tasks, schedules, responsible parties, and resources needed to carry out the CRD sub-phases.  
	HF identifies activities for which human-system performance information is needed in the Action Plan for the IARR.
	M

	Complete Progress Review
	The CRD Team Lead reviews the CRD documents to ensure they are complete and of sufficient quality for a Progress Review.  The documents include:

1. Draft Mission Need Statement,

2. Quantified shortfall description,

3. Quantified impact of shortfall,

4. Range of alternative solutions,

5. Architecture outlook/boundaries, and

6. Action plan for IARR
	HF reviews documentation and provides input to CRD Team prior to Progress Review; and  CRD approval.
	L

	Form the Team
	The CRD Team Lead forms the CRD Team immediately after the Progress Review.  Specific roles and responsibilities of CRD team members normally will have been specified and documented in the IARR Action Plan.  
	HF supports iick-off meeting, meeting minutes.
	L

	Develop Concept(s) of Use
	The sponsor organization develops the Concept of Use.  The concept of use defines how capabilities will function within the operational environment and how they will satisfy the mission need.  It also defines the roles and responsibilities of key participants, e.g., controllers, operators, and pilots, and key elements of the required capability.  The concept of use must not be based on a particular solution to the capability shortfall or mission need.  The Concept of Use focuses on the operation of specific components of the NAS under consideration, and must be consistent with the overall NAS Concept of Operations.  The Concept of Use clearly defines the functions needed and provides the initial set of performance indicators of the required performance. Therefore, the Concept of Use must be developed before operational requirements can be defined.  If the proposed alternatives are significantly different, then multiple Concepts of Use may have to be developed. The Concept of Use specifies how the system is to be used, and what in the NAS will be done differently as a result of implementing the new concept.  Specifically, the concept will illustrate how, when, and where the new approach will improve FAA 
performance and ATO metrics.  The Concept of Use quantifies benefit mechanisms that will be incorporated into the system design.  The Concept of Use must show how each new part or component of the NAS complements, fits into, and harmonizes with the overall NAS Concept of Operations. 
	HF provides performance information and assist in preparing operational tasks descriptions to support Concept of Use Descriptions of each proposed alternative.
	H

	Analyze Required Functions
	Complete a functional analysis, based on the proposed Concept(s) of Use.  The functional analysis translates user needs (the concept of use) into a sequenced and traceable functional architecture that captures the functions and sub-functions necessary to provide the needed service or operational capability.  It identifies all the resources necessary to establish and maintain the intended service.  The approach is to analyze what must be done without defining how to do it. The output is a functional architecture, which is the primary foundation for defining initial requirements. 
	HF supports the development of a Functional Architecture(s) by assisting in the allocation of tasks between the users (operators and maintainers) and the system components.
	M

	Develop Initial Requirements Document
	Requirements definition translates operational needs in the draft MNS into initial requirements, which define the capability or service required by the agency.  The outputs are an initial requirements document(s).  The FAA may undertake research or employ research by other agencies or industry to define operational concepts, develop initial requirements, demonstrate and refine computer-human interfaces, reduce risk, or achieve customer buy-in to potential solutions to the mission need.  Required research activity must be built into the plan for concept and requirements definition and included in the RE&D budget.
a. Requirements Development Process

Analyzing functions.  The requirements team 
analyzes the functions and sub-functions necessary to the needed service.  The approach is to analyze what must be done without defining how to do it. The output is the foundation for the concept of use and initial requirements document.

b. Developing initial requirements.  Initial requirements specify how well the new capability must perform its intended functions.  Specify only function and performance and not define a solution.  Requirements must be expressed such that performance values can be defined for measuring and evaluating the degree to which a particular solution satisfies the requirements.

c. Requirements Document Contents

Initial requirements should specify:

1. What functions the new capability must perform
2. How well the new capability must perform these intended functions
3. What interfaces it must have with related systems and facilities
Key Performance Parameters (KPP) are those relatively few (perhaps five to six) most important performance characteristics of the Initial Requirements set that are crucial to its operational or economic value.  Both “threshold” and “objective” requirements should be established for each key performance parameter (KPP).  Threshold requirements are the minimum acceptable level of performance that the new capability must provide.  Generally, threshold requirements will be equal to or greater than the performance of the current system.  Objective requirements are the desired performance that the new capability ideally should provide.  Objective requirements are a higher level of performance that will provide a greater measure of value to the FAA in the intended mission application.  The difference between the threshold and objective requirements levels is the “trade space.”   Initial requirements should not be written so that they constrain the answer to a single solution.  Instead, they should specify functional, performance, and interface requirements in a way that permits several alternative solutions to be hypothesized to meet them.  Additionally, KPP requirements should be expressed (“scaleable
”) such that the degree to which different solutions satisfy them can be measured, traded, and evaluated.
	HF provides human-system functional performance requirements, measures of human-system performance, human-system interfaces, and standards compliance requirements to be incorporated into the Initial Requirements Document (IRD).

	H

	Complete Technical Description of Each Alternative
	The precise Technical Description of each alternative is developed.  As compared to the Concept Descriptions prepared previously, Technical Descriptions are more detailed and specific in nature.  The Technical Descriptions are documented as an appendix to the Requirements Document and used throughout the rest of the acquisition process, beginning with initial investment analysis.
	HF provides human-system technical descriptions to support Technical Descriptions for each Alternative.
	L

	Cost Estimate (ROM)`
	The completed Technical Descriptions provides the information needed for a Rough Order of Magnitude (ROM) cost estimate of the likely range of costs for all alternatives is needed.  
	HF provides HF cost input to the ROM cost estimates for the range of alternatives.
	L

	Affordability Assessment
	Develop an acceptable MNS funding profile/cost estimate that matches anticipated available out-year funding with the likely cost.  The affordability assessment compares the likely costs of the new initiative with the funding wedge previously inserted into the CIP Financial profile in anticipation of this emerging need. 
	HF supports developing an Acceptable MNS funding profile; Affordability Assessment.
	L

	Endorsing a Set of Alternatives
	The FAA Acquisition Executive reviews and endorses the set of alternatives.  
	HF supports FAE endorsement of set of alternatives.
	L

	Develop Initial Investment Analysis Plan
	Develop the initial Investment Analysis Plan as the final step prior to the Mission Need Statement approval and the IARR.  Generally, the Plan covers:

1. Scope of Investment Analysis
2. Assumptions and guidance for investment analysis,

3. Discriminators/evaluation criteria to be used in evaluating and choosing the preferred alternative to be recommended
4. Set of alternatives to be evaluated
5. Products to be delivered
6. Tasks to be accomplished
7. Schedules
8. Resource requirements
9. Agreed roles and responsibilities
10. Control strategy
	HF provides strategy, approach, and activities for mitigating human-system performance risks to be included in the Initial Investment Analysis Plan.
	M

	Revalidate/Finalize Mission Need Statement
	Finalize the Mission Need Statement, specifically by inserting the acceptable MNS funding profile derived from the affordability assessment into the document. 
	HF supports final, signed, approved Mission Need Statement.
	L

	Prepare for Investment Analysis Readiness Review and Mission Need Decision
	The CRD Team Lead assembles all of the material needed to gain approval to proceed into IA.  In addition to the specified documents, this includes a briefing to the JRC/EC that describes the findings and recommendations of the CRD Team.  The IARR entrance criteria are:

1. Final Mission Need Statement

2. Initial Requirements Document, with functional architectures and set of alternatives (Technical Descriptions) appended

3. Concept(s) of Use

4. Initial Investment Analysis Plan
	HF supports development of the briefing package to the Joint Resources Council.
	L


5. Mission Area Outputs and Products: Key products of the mission analysis subphases are identified below.
5.1 The Service Area Analysis produces the following products: 
· Service delivery plan
· Mission Need Statement
· Concept and requirements definition plan
5.2 Concept and Requirements Development process produces the following products:

· Initial Requirements Document (IRD)

· Concept of Use (for the IRD)
· Updated Mission Need Statement
· Investment Analysis Plan
· IARR results
6. Summary:  Human factors can and should play a significant and important role in the mission analysis process including those activities related to service area analysis, concept development, requirements development, and investment analysis readiness review.
7. References: 
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Krois, P., Mogford, R. and Rehmann, J. (2002).  FAA/NASA Human Factors for Evolving Environments: Human Factors Attributes and Technology Readiness Levels Washington, DC:  Federal Aviation Administration.

Appendix A: Human Factors Study Areas
Appendix B: Human Factors and Technology Readiness Levels

Appendix A
Human Factors Study Areas

1.
Allocation of Function: Assigning those roles/functions/tasks for which the human or equipment performs better while enabling the human to maintain awareness of the operational situation.

2.    Anthropometrics and Biomechanics: Accommodating the physical attributes of its user population (e.g., from the 1st through 99th percentile levels). 

3.    CHI (Computer-Human Interaction): Employing effective and consistent user dialogues, interfaces, and procedures across system functions. 

4.    Communications and Teamwork: Applying system design considerations to enhance required user communications and teamwork. 

5.    Culture: Addressing the organizational and sociological environment into which any change, including new technologies and procedures, will be introduced.

6.    Displays and Controls: Designing and arranging displays and controls to be consistent with the operator’s and maintainer’s tasks and actions.

7.    Documentation: Preparing user documentation and technical manuals in a suitable format of information presentation, at the appropriate reading level, and with the required degree of technical sophistication and clarity.
8.    Environment: Accommodating environmental factors (including extremes) to which the system will be subjected and understanding the associated effects on human-system performance. 

9.    Functional Design: Applying human-centered design for usability and compatibility with operational and maintenance concepts. 

10.    Human Error: Examining design and contextual conditions (including supervisory and organizational influences) as causal factors contributing to human error, and consideration of objectives for error tolerance, error prevention, and error correction/recovery. 

11.  Information Presentation: Enhancing operator and maintainer performance through the use of effective and consistent labels, symbols, colors, terms, acronyms, abbreviations, formats, and data fields. 

12.  Information Requirements: Ensuring the availability and usability of information needed by the operator and maintainer for a specific task when it is needed, and in a form that is directly usable.

13.  I/O Devices: Selecting input and output (I/O) methods and devices that allow operators or maintainers to perform tasks, especially critical tasks, quickly and accurately. 

14.  KSAs: Measuring the knowledge, skills, and abilities (KSAs) required to perform job-related tasks, and determining appropriate selection requirements for users.
15.  Operational Suitability: Ensuring that the system appropriately supports the user in performing intended functions while maintaining interoperability and consistency with other system elements or support systems. 

16.  Procedures: Designing operation and maintenance procedures for simplicity, consistency, and ease of use.

17.  Safety and Health: Preventing/reducing operator and maintainer exposure to safety and health hazards. 

18.  Situational Awareness: Enabling operators or maintainers to perceive and understand elements of the current situation, and project them to future operational situations.
19.  Special Skills and Tools: Minimizing the need for special or unique operator or maintainer skills, abilities, tools, or characteristics. 

20.  Staffing: Accommodating constraints and efficiencies for staffing levels and organizational structures.

21.  Training: Applying methods to enhance operator or maintainer acquisition of the knowledge and skills needed to interface with the system, and designing that system so that these skills are easily learned and retained.

22.  Visual/Auditory Alerts: Designing visual and auditory alerts (including error messages) to invoke the necessary operator and maintainer response.

23.  Workload: Assessing the net demands or impacts upon the physical, cognitive, and decision-making resources of an operator or maintainer using objective and subjective performance measures. 

24.  Work Space: Designing adequate work space for personnel and their tools or equipment, and providing sufficient space for the movements and actions that personnel perform during operational and maintenance tasks under normal, adverse, and emergency conditions. 

Appendix B
Human Factors and Technology Readiness Levels
[Adapted with excerpts from Krois, P., Mogford, R. and Rehmann, J. (2002)].  
Transitioning research concepts from exploration to development and onward to acquisition products should be accompanied by increasingly detailed assessments of the maturity of all aspects of the emerging capability.  In order to standardize the criteria by which such assessments are made NASA and the FAA have agreed upon Technology Readiness Levels that describe the level of readiness for technology transfer as depicted in Figure B1, described below, and summarized in Table B1. Transitioning research concepts from exploration to development and onward to acquisition products should also be accompanied by increasingly detailed assessments of human factors considerations such as information requirements, display management/ integration, and human-centered automation.  Assessments should include human performance measures that assess workload, situation awareness, communications, and human error and as summarized in Table B2. 
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Figure 1B. Technology Readiness Levels for Transferring Emerging Technologies

The following describes the basic principles related to the Technology Readiness Levels (TRLs): 
TRL 1 Technology Basic Principles Observed/Reported: TRL 1 is the stage at which an ATM concept is initially identified and described. The appropriate development group analyzes a deficiency or need in the NAS for which the capability may be a solution.  During this TRL phase, the following should occur:  development of an initial operational concept, completion of a trade/risk/benefit analysis, and identification of research issues.  A key concern during this stage is the viability of the operational concept.  The research organization proceeds relatively independently and coordinates research development.  

TRL 2: Technology Concept and/or Application Formulated:  TRL 2 is the stage at which a detailed research plan is developed that provides a definition of the technical solution to the deficiency and identifies critical feasibility issues.  The plan describes activities, schedule, likely facilities, and resources required to address research issues in tool development.  Human factors research issues including human effectiveness are also identified in this research plan as well as resources necessary to resolve these human factors issues.  
TRL 3: Analytical/Experimental Critical Function or Characteristic Proof-of-Concept: TRL 3 is the stage during which a conceptual prototype of the tool is developed with initial requirements defined.  Initial laboratory evaluations may include part-task computer-human interface (CHI) evaluations, preliminary procedures development, functionality testing, and performance evaluations.  The proof-of-concept conceptual design should consider the relationships of roles and responsibilities with the conceptual design and architecture.

To successfully exit from this TRL, initial research should show the tool to be feasible from technical, benefits, safety, and human factors perspectives based on research to date.  Also, initial quantification of technical performance metrics should reflect an improvement over the baseline, or if improvement cannot be demonstrated, the cause is understood and improvement is expected at some point.

TRL 4: Component and/or Integrated Components Tested in a Laboratory Environment: TRL 4 is the stage during which a research prototype is developed and evaluated by representative potential users.  Evaluations may consist of medium-fidelity human-system interface evaluations, procedures evaluation, human performance evaluations, functionality testing, and performance evaluations.  The laboratory real time simulation environment is at a higher fidelity level than at TRL 3 using standalone or integrated components.  The research organization and the FAA participate in the laboratory and, if appropriate, site evaluations such as a shadow mode or back room test at a field site with user teams.  Exiting from this TRL requires development and baselining of an initial FAA Concept of Use for the capability. The cost/benefit analysis is updated, as appropriate.

When TRL 4 evaluations are complete, the research team generates an updated feasibility report describing technical progress, life-cycle cost/benefits indicated, current safety and human factors status, and issues that might require a “return to the drawing board.”  The updated feasibility report is intended as an executive summary of what the team has learned to date and should be more reflective of the operational environment in which the capability is expected to operate.

Formal acquisition involvement begins at TRL 4 as design and architecture requirements are refined. Assessments of procedures along with roles and responsibilities become more robust relative to the range of conditions afforded in the laboratory environment.

Table B1:  TRL Exit Criteria

	TRL
	Title
	Pipeline Output
	HF Component
	Criteria

	1
	Basic Principles Observed/Reported

	ATM concept initially developed and described

	Initial identification of human factors issues
	Initial concept description is provided and is consistent with top-level Concept of Operations; benefits, risks, and research issues are identified.

	2
	Technology Concept and/or Application Formulated

	Detailed research plan developed

	Preliminary human factors assessment and research plan:  
- Prioritize human factors research issues

- Identify the activities, schedule, and resources required to resolve identified human factors issues
	Research management plan is delivered and FAA Research Management plan is delivered if applicable. Single year benefits assessment showing performance and economic benefits, preliminary safety risk assessment, and preliminary human factors assessment and research plan must be completed.

	3
	Analytical/Experimental Critical Function or Characteristic Proof-of-Concept

	Conceptual prototype of tool developed and evaluated; initial feasibility report developed

	Address human factors issues identified in TRL 2

	Initial Feasibility report is submitted showing capability is feasible from technical, benefits, safety, and human factors perspectives.  Initial analytic or experimental quantification of technical performance metrics shows improvement over baseline.

	4
	Component and/or Integrated Components Tested in a Laboratory Environment

	Research prototype developed and evaluated; initial FAA Operational Concept of Use developed and baselined

	Assess human factors issues associated with the concept to show how they have been resolved; document human factors research; update human factors plan
	Research demonstrates capability is feasible from safety, human factors, and development perspectives, and expected benefits outweigh costs based upon human-in-the-loop testing with representative potential users.  A FAA baseline Concept of Use for the capability is developed.

	5
	Components and/or Subsystems Verified in a Relevant Environment

	Pre-development prototype of tool developed and evaluated

	Resolve human factors issues from the TRL 4 update
	Pre-development prototype is developed and evaluated in a high fidelity environment. This could involve a full mission simulation in a laboratory or a demonstration or test in a field setting.  Specifications and design documentation are updated based upon lessons learned in testing.  An updated report documents capability feasibility from safety, human factors, and development perspectives and summarizes what has been learned to date.  R&D organization continues research on as-built prototype while FAA begins acquisition program baseline definition.  

	6
	System Demonstrated/ Validated in a Relevant Environment

	Operational demonstration of the pre-production prototype system

	Collect human factors data to show that all issues have been addressed and that operations are practicable in nominal and off-nominal conditions
	Field evaluations demonstrate technical functionality of prototypes, benefits, and resolution of human factors issues.  FAA and research organization review capability to determine its readiness to transfer to development organization.  An acquisition strategy is required and a development contractor is engaged.  


TRL 5: Components/ Subsystems Verified in a Relevant Environment: TRL 5 is the stage during which a pre-development prototype of the tool is developed and evaluated.  The evaluation environment should be at a high fidelity such as can be achieved through a full-mission simulation platform or through demonstration in the field with an integrated architecture for representative normal and off-normal traffic conditions.  Based upon lessons learned, specifications and design documentation are updated during this TRL.  

Also during this TRL, the FAA focuses on activities to prepare for acquisition.  The FAA acquisition office forms user teams to address user inputs, specifications, maintenance concepts, concept of use issues, and human factors concerns.  FAA will begin to develop contractual documentation such as statements of work and contract data requirements lists.

The research organization will continue on the as-built prototype system while the FAA begins its acquisition program baseline definition. It is FAA policy that research prototype development and evaluation should adhere to the same fundamental paradigm as a full-scale system acquisition that includes early user involvement.  The FAA uses prototyping activities in this vein to assist in assessing alternative solutions to an identified mission need.
TRL 6: System Demonstrated/ Validated in a Relevant Environment: TRL 6 is the stage at which an operational demonstration of the pre-production prototype system is conducted in a FAA field facility if deemed feasible and necessary.  Field evaluations may include a substantial demonstration of the prototype’s functionality, and could involve a daily use version of the pre-development operational software application.  Comprehensive human factors assessment for the prototype capability should be completed to exit TRL 6.  The research organization focuses on completing the technology transfer and cost/benefits activities based on data obtained during the field test.  Final system engineering documents are produced including system specifications, interface requirements, and design descriptions.  It is critical that when operational demonstrations and field evaluations are conducted they involve FAA operational personnel.

During TRL 6, the final high fidelity, integrated system demonstration of the transfer prototype is accomplished, using a large variety of traffic nominal and off-nominal conditions.  Documents produced at earlier TRLs will be finalized for formal transfer to the FAA.

Human Factors Attributes and TRLs: The role of human factors becomes increasingly complex commensurate with the progression of a research capability through the TRLs.  An assessment was conducted using a rating scale developed specifically for study of the relationship between TRLs and human factors study areas.  The rating scale was based upon the Cooper Harper Rating Scale (Cooper & Harper, 1969), designed for pilot ratings of test aircraft handling qualities, and the Controller Acceptance Rating Scale (CARS) designed to measure controller acceptance in decision support tool development and testing (Lee, Kerns, Bone, & Nickelson, 2001).  A four point, even-numbered scale was selected to more effectively differentiate the importance of the human factors attributes being addressed by not providing a neutral or “no opinion” choice.   Results for each of the six TRLs are summarized in Table B2, which shows the categorization of the human factors attributes on the basis of a Consideration (C), Important (I), or Critical (CR).  This resulting table may be used to focus the human factors assessment of the technology readiness for transfer to design and implementing organizations.

Human factors attributes described herein provide a framework for guidance on what should be considered during the research and development continuum and when it should be considered.  This guidance is based on the professional judgment of human factors practitioners who participated in the survey and the analysis.  This guidance poses that attributes should be either considered, are important, or critical to particular TRLs.  An attribute that is deemed important or critical should be addressed in a manner that recognizes its program impact and how that will be managed.  Inadequate addressing of critical attributes could have major program implications.

Indeed, a focus on allocation of function, display integration, and interoperability of new capabilities with existing ones will encourage developers to consider carefully how a new capability will be used and integrated into the overall NAS.  These findings suggest that key human factors attributes should be integral to system engineering issues early in evolution of the research capability.  For example, by TRL 3 important decisions about the capability may likely be firming up, and should be accompanied by robust considerations of such issues as:

· Information requirements

· Allocation of function

· Computer-human interface

· Information presentation

· Display and controls

· Functional design

· Visual/auditory alerts

System engineering activities should broadly assess and understand how the research capability would be integrated into the NAS and identify potential impacts such as to functional and performance characteristics as well as other human factors interactions.
Table B2: Categorization of Human Factors Attributes for TRLs
	Attributes
	TRL 1
	TRL 2
	TRL 3
	TRL 4
	TRL 5
	TRL 6

	Allocation of Function
	C
	C
	   I
	I
	CR
	CR

	Anthropometrics
	
	C
	C
	I
	CR
	CR

	Communications and Teamwork
	
	C
	C
	I
	I
	CR

	Computer Human Interface
	
	C
	I
	I
	CR
	CR

	Displays and Controls
	
	C
	I
	I
	CR
	CR

	Documentation
	
	
	C
	I
	CR
	CR

	Environment
	
	
	C
	I
	I
	CR

	Functional Design
	
	I
	I
	I
	CR
	CR

	Human Error
	
	C
	C
	I
	CR
	CR

	Information Presentation
	
	C
	I
	I
	CR
	CR

	Information Requirements
	C
	I
	I
	CR
	CR
	CR

	Input/Output Devices
	
	C
	C
	I
	CR
	CR

	Knowledge, Skills and Abilities (KSAs)
	
	
	
	C
	I
	CR

	Procedures
	
	
	C
	I
	CR
	CR

	Safety and Health
	
	
	
	C
	C
	I

	Situation Awareness
	
	C
	C
	I
	I
	CR

	Skills and Tools
	
	C
	C
	I
	I
	I

	Staffing
	
	C
	C
	I
	I
	CR

	Subjective Workload
	
	C
	C
	I
	CR
	CR

	Task Load
	
	C
	C
	I
	CR
	CR

	Training
	
	
	C
	I
	I
	CR

	Visual/Auditory Alerts
	
	
	I
	I
	CR
	CR

	Work Space
	
	
	C
	I
	I
	I
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