Year:

1999

Title:

Application of the FRANCIE Framework and Methodology to Assessing Human Reliability and Enhancing Human Performance in Aerospace Maintenance, Safety, and Crew Operations
Author:

Lon N. Haney, M.S.

P.O. Box 1625

Mail Stop 3855

Idaho National Engineering and Environmental Laboratory

Idaho Falls, ID 83415

Task Description:

	The objective of the project is to provide a methodology and analytic tool to reduce, or minimize the impact of, human errors in space missions and mission-related activities. The Framework Assessing Notorious Contributing Influences for Error (FRANCIE) is a framework and methodology for the systematic analysis, characterization, and prediction of both critical human errors and the influences that contribute to those errors. It was developed in a prior NASA Advanced Concepts Project by INEEL, NASA Ames Research Center, Boeing, and America West Airlines with input from United Airlines and Idaho State University. The development method included capturing expertise of human factors and domain experts in the framework, and ensuring that the approach addresses issues important for human error analysis. Issues important for human error analysis were identified by combining information from two areas. The first is INEEL experience in applying and developing human error and reliability analysis methods for the nuclear industry. The second is input from the project partners regarding needs for the application of human error analysis in the aerospace industry. 

The current project is a three-year research effort. The goal of the first year is to adapt and refine FRANCIE (as developed for airplane maintenance) so that it will apply to ground-based maintenance-type activities for spacecraft and launch vehicles. This will be accomplished by refining the error type and performance shaping factor taxonomy. Procedures for use of the methodology will also be developed in the first year. In the second year, the user procedures will be tested, and the FRANCIE methodology and content will be incorporated into a software tool with automated features. The software tool will further enhance the inherent simplicity of applying the FRANCIE methodology and facilitate the easy documentation of analyses. In the third year, FRANCIE will be taken into the space environment by expanding and refining the error type and performance shaping factor taxonomy, to support analysis of activities performed in microgravity environments including intra and extra vehicular activities (IVA and EVA). Concepts for the use of the framework and methodology to support planning and performance of expedition class missions will also be developed. 

	A project kickoff meeting was held June 3-4, 1999 at INEEL. At this meeting the elements of a data collection plan to support refinement of the error type and performance shaping factor taxonomy were defined. Concepts for a task descriptor element for the framework were also developed. The element would contain standardized task categories/descriptors with possible links to error types and performance shaping factors. Such an element would facilitate specific uses of the framework. A data collection plan and a working paper on the task descriptor element were produced. Work was initiated to arrange data collection visits to observe, or talk through, ground-based maintenance-type activities and interact with domain experts, at expendable launch vehicle or shuttle facilities. 

Work will be initiated as scheduled early in FY 2000 on the development of the task descriptor element as part of the refine and revise taxonomy effort, and on user procedures for a user’s manual for the framework. Relevant information from data collection efforts will be incorporated into the taxonomy as the information becomes available. 

	Human error remains a dominant contributor to and cause of catastrophe, tragedy, and waste in the modern world. As the number of undertakings involving human operation and oversight of complex and potentially dangerous technological systems increases, so does the need to effectively characterize, predict, and counter critical human errors. FRANCIE can be used to investigate, predict, and reduce the occurrence and impact of human errors for many activities, such as process control, operations, medicine, transportation, and air traffic control. The framework and methodology is designed to expand to any domain of human activity. It will apply to new domains given refinements to error types and contributing influences, and can be expanded to new domains through actual use in performing analyses. This is possible because of the comprehensive error type and performance shaping factor classification, and because the methodology to apply the framework is standardized across domains. The viability of expansion through actual use is demonstrated by recent application of FRANCIE for an aviation operations domain, to help facilitate FAA certification of a new precision landing aid. The framework is designed to capture lessons learned across domains, thus enhancing the effectiveness of analyses for all domains. 

	FY99 Publications, Presentations, and Other Accomplishments:

	Haney, L.N. “FRamework Assessing Notorious Contributing Influences for Error (FRANCIE).” International Workshop on Human Factors in Space, Tokyo, Japan, July 1999. (Articles presented at the Workshop are submitted for review for a supplementary issue of Aviation, Space, and Environmental Medicine). 

Haney, L.N. and Winner, K. “Application of FRANCIE for the Transponder Landing System Human Error Analysis.” Proceedings of the 10th International Symposium on Aviation Psychology, Columbus, Ohio (May 1999). 


Year:

2000

	Task Description:

	The objective of the project is to provide a methodology and analytic tool to reduce the occurrence of, or minimize the impact of, human errors during space missions and related activities. The Framework Assessing Notorious Contributing Influences for Error (FRANCIE) is a framework and methodology for the systematic analysis, characterization, and prediction of both human errors and the influences that contribute to those errors. It was developed in a prior NASA Advanced Concepts Project by INEEL, NASA Ames Research Center, Boeing, and America West Airlines with input from United Airlines and Idaho State University. The development method included capturing the expertise of human factors and domain experts in the framework, and ensuring that the methodology addresses issues important for human error analysis. Issues important for human error analysis were identified by combining information from two areas: (1) INEEL experience in applying and developing human error and reliability analysis methods for the nuclear industry, and (2) input from the project partners regarding needs for the application of human error analysis in the aerospace industry. 

The current project is a three-year research effort. The goal of the first project year was to adapt and refine FRANCIE (as developed for airplane maintenance) so that it applies to ground-based maintenance-type and assembly activities for spacecraft and launch vehicles. This was accomplished by refining the generic error and performance shaping factor taxonomy. In the second project year, procedures for use of the methodology have been developed, the user procedures will be tested, and the FRANCIE methodology and content will be incorporated into a software tool with automated features. The software tool will further enhance the inherent simplicity of applying the FRANCIE methodology and facilitate the easy documentation of analyses. In the third year, FRANCIE will be taken into the space environment by expanding and refining the generic error and performance shaping factor taxonomy to support analysis of activities performed in microgravity environments including Intravehicular and extravehicular activities (IVA and EVA). 

	A hierarchy of task analysis elements was developed that may be placed at the top of the framework and employed by users that need to perform a task analysis prior to performing an error analysis. Tasks and activities observed during expendable launch vehicle assembly facilitated identification of several new Generic Errors and Performance Shaping Factors (PSFs) that were added to the taxonomy. The initial airline maintenance taxonomy contained helps/descriptions for approximately one third of the PSFs. The existing helps/descriptions were refined and text was developed for the remaining PSFs in order to provide information to assist the user in the identification of human factors-based countermeasures for reducing the occurrence of human error. 

Procedures for performing FRANCIE analyses were drafted. The procedures are comprised of modular procedural elements that are arranged in different ways to support different types of analyses. The procedures are in the form of procedure guides and detailed procedures. The procedures include detailed procedures and procedure guides for use by a task expert, an error analyst with input from a task expert, or analysts who additionally need to perform a task analysis. The procedures also include procedure guides for use during procedure writing, for use during incident investigation, and for use during design. Procedures will be tested in conjunction with testing the FRANCIE software. 

A draft FRANCIE Users Manual was developed. The Users Manual presents FRANCIE background and theory very briefly. The primary focus of the manual is presentation of procedure guides, detailed procedures, and information and tables to support the performance of analyses using the FRANCIE framework and methodology. Additional information about the background and development of FRANCIE is contained in a journal article, conference papers, and a technical report referenced in the manual. The Users Manual will undergo review by project staff, and by potential users at organizations outside the project including the Federal Aviation Administration. Development of a software application titled Basic User Task Analysis Application (BUTAA) was completed. The application supports performance of custom task analysis for maintenance-like tasks and the selection of initial errors, associated PSFs, and corrective actions for the tasks. BUTAA served as a pilot for the development of a more complete FRANCIE software application. Development of the FRANCIE software was started. The FRANCIE software will support performance of analyses outlined in the FRANCIE Users Manual including characterization of task structure in terms of recovery actions, error chains, and disruptive dependencies between individuals or task steps, and also the assessment of associated PSFs and identification of human factors-based countermeasures. The FRANCIE software will help the user navigate the framework, access taxonomy lists, select taxonomy elements, and arrange the elements into a model of the task. Standardized reports generated by the software will document the analyses. 

	Human error remains a dominant contributor to and cause of catastrophe, tragedy, and waste in the modern world. As the number of undertakings involving human operation and oversight of complex and potentially dangerous technological systems increases, so does the need to effectively characterize, predict, and counter critical human errors. FRANCIE can be used to investigate, predict, and reduce the occurrence and impact of human errors for many activities (e.g. maintenance, operations, process control, planning, management, etc.) in domains such as medicine, transportation, manufacturing, and power generation. The framework and methodology is designed to expand to any domain of human activity. It will apply to new domains given refinements to generic errors and contributing influences, and can be expanded to new domains through actual use in performing analyses. This is possible because of the comprehensive generic error and performance shaping factor classification, and because the methodology to apply the framework is standardized across domains. The viability of expansion through actual use is demonstrated by an application of FRANCIE for an aviation operations domain, helping to facilitate FAA certification of a new precision landing aid. The framework is designed to capture lessons learned across domains, thus enhancing the effectiveness of analyses for all domains. 

	FY00 Publications, Presentations, and Other Accomplishments:

	Haney, L.N. “FRamework Assessing Notorious Contributing Influences for Error (FRANCIE).” Aviation, Space, and Environmental Medicine, 71(9, Suppl.), A145-50, (September, 2000). 


Year:

2001

	● Task Abstract/Description:
The FRamework Assessing Notorious Contributing Influences for Error (FRANCIE) is a framework and methodology for the systematic analysis, characterization, and prediction of both human errors and the influences that contribute to those errors. It was developed in a prior NASA Advanced Concepts Project by INEEL, NASA Ames Research Center, Boeing, and America West Airlines with input from United Airlines and Idaho State University. The development method included capturing the expertise of human factors and domain experts in the framework, and ensuring that the methodology addresses issues important for human error analysis. Issues important for human error analysis were identified by combining information from two areas: (1)INEEL experience in applying and developing human error and reliability analysis methods for the nuclear industry, and (2) input from the project partners regarding needs for the application of human error analysis in the aerospace industry. 

The current project is a three-year research effort. The goal of the first project year was to adapt and refine FRANCIE (as developed for airplane maintenance) so that it applies to ground-based maintenance-type and assembly activities for spacecraft and launch vehicles. This was accomplished by refining the generic error and performance shaping factor taxonomy. In the second project year, procedures for use of the methodology were developed, and the FRANCIE methodology and content were incorporated into a software application. The software tool enhances the inherent simplicity of applying the FRANCIE methodology and facilitates the easy documentation of analyses. In the third year, FRANCIE is being taken into the space environment by expanding and refining the generic error and performance shaping factor taxonomy to support analysis of activities performed in microgravity environments with focus on Intravehicular and extravehicular activities (IVA and EVA). User guidance documents and a final version of the software application are being completed in project year 3. 


	● Task Progress:
Based on peer review the draft FRANCIE User Manual was revised into a draft user guidance document titled, “FRANCIE: Overview and Generic User Guidance”. In addition to an overview, tutorial, and example analysis, the document provides procedure guides for task experts (e.g. task performers), error analysts, procedure writers, incident investigators, and designers. A job-aid type user guidance document was also developed. The job-aid is designed for use by maintenance technicians or foremen for ground-based maintenance tasks. Final versions of the user guidance documents will be completed in the current project year (year 3). 

A beta version of the software application was completed. A final version of the software application will be completed in the current project year. 

A data/information collection visit to JSC was performed. Information was collected to support development of a FRANCIE taxonomy for EVA and EVA support activities. This information includes procedures (EVA Checklist Flight Data Files), training manuals and material, and selected video repository indexes. This material will be used by project staff to develop a straw-person taxonomy of generic errors and associated performance shaping factors (PSFs) for EVA activities. The taxonomy will be refined using input from review by NASA subject matter experts. The taxonomy will be incorporated into the FRANCIE Overview and Generic User Guidance document and the software application. 


	● Research impact on American/Earth Benefits:
The objective of the project is to provide a methodology and analytic tool to reduce the occurrence of, or minimize the impact of, human errors during space missions and related activities. Human error remains a dominant contributor to and cause of catastrophe, tragedy, and waste in the modern world. As the number of undertakings involving human operation and oversight of complex and potentially dangerous technological systems increases, so does the need to effectively characterize, predict, and counter critical human errors. FRANCIE can be used to investigate, predict, and reduce the occurrence and impact of human errors for many activities (e.g. maintenance, operations, process control, planning, management, etc.) in domains such as medicine, transportation, manufacturing, and power generation. The framework and methodology is designed to expand to any domain of human activity. It will apply to new domains given refinements to generic errors and contributing influences, and can be expanded to new domains through actual use in performing analyses. This is possible because of the comprehensive generic error and performance shaping factor classification, and because the methodology to apply the framework is standardized across domains. The viability of expansion through actual use is demonstrated by an application of FRANCIE for an aviation operations domain, helping to facilitate FAA certification of a new precision landing aid. The framework is designed to capture lessons learned across domains, thus enhancing the effectiveness of analyses for all domains. 



	

	Bibliography Type:
· Presentation
Haney, L.N. “FRamework Assessing Notorious Contributing Influences for Error (FRANCIE): Taxonomy Development, User Procedures, and Software Implementation.” Bioastronautics Investigators’ Workshop, Galveston, TX (January 17-19, 2001). 

· Proceeding Entries
Haney, L.N. “An Approach for Human Error Analysis with Roots in Nuclear and Aerospace Human Factors.” International Topical Meeting on Nuclear Plant Instrumentation, Controls, and Human-Machine Interface Technologies, American Nuclear Society, Washington D.C., November 2000. 




Year:

2002

	● Task Abstract/Description:
The FRamework Assessing Notorious Contributing Influences for Error (FRANCIE) is a framework and methodology for the systematic analysis, characterization, and prediction of both human errors and the influences that contribute to those errors. It was developed in a prior NASA Advanced Concepts Project by INEEL, NASA Ames Research Center, Boeing, and America West Airlines with input from United Airlines and Idaho State University. The development method included capturing the expertise of human factors and domain experts in the framework, and ensuring that the methodology addresses issues important for human error analysis. Issues important for human error analysis were identified by combining information from two areas: (1)INEEL experience in applying and developing human error and reliability analysis methods for the nuclear industry, and (2) input from the project partners regarding needs for the application of human error analysis in the aerospace industry. 

The current project is a three-year research effort. The goal of the first project year was to adapt and refine FRANCIE (as developed for airplane maintenance) so that it applies to ground-based maintenance-type and assembly activities for spacecraft and launch vehicles. This was accomplished by refining the generic error and performance shaping factor taxonomy. In the second project year, procedures for use of the methodology were developed, and the FRANCIE methodology and content were incorporated into a software application. The software tool enhances the inherent simplicity of applying the FRANCIE methodology and facilitates the easy documentation of analyses. In the third year, FRANCIE was taken into the space environment by expanding and refining the generic error and performance shaping factor taxonomy to support analysis of activities performed in microgravity environments with focus on extravehicular activities (EVA)and EVA support activities. User guidance documents and a final version of the software application were completed in project year 3. 


	● Task Progress:
Year Three Activities 

The principal activities of year three were: 

· Development of a FRANCIE taxonomy of generic errors and performance shaping factors for use in analyses of extravehicular activities (EVA), associated 

·  Production of an intra-vehicular activities (IVA), and EVA ground support.   

· Production of final updated version of the FRANCIE software application  versions of the FRANCIE user guidance documents 

The strategy for development of the FRANCIE EVA taxonomy was to perform an information/data collection visit to NASA Johnson Space Center (JSC), use the material collected during the visit to develop a straw-person taxonomy, and then refine the taxonomy based on review and input from subject matter experts (SMEs). Information/data collected includes: Flight Data Files procedures(EVA Checklists for six station assembly missions), selected NASA EVA training and system training workbooks, EVA Lessons Learned and Operations Planning documents, print-outs of selected information from JSC Intranet sites, and 12 hours of selected NASA EVA video clips. Meetings with EVA subject matter experts (SMEs)conducted during the data collection visit included spacesuit familiarization. This information/data was used to develop a straw-person generic error and performance shaping factor taxonomy for EVA and EVA support activities. The straw-person taxonomy was then refined and finalized using input from an EVA SME during a follow-up visit to JSC and input from human factors staff at the Idaho National Engineering and Environmental Laboratory. 

A final version of the FRANCIE software application was completed. The EVA/EVA support taxonomy was added to the applications’ database, and a human error event tree graphics feature was added to the software application. The user interface was also updated to reflect user comments/input. 

The FRANCIE user guidance documents were updated and published in final form. The EVA/EVA support taxonomy was added as an appendix to the “FRANCIE: Overview and Generic User Guidance” document, and the document was edited to reflect comments/input from users and reviewers. The “FRANCIE Software User’s Guide” was also completed and published. 


	● Earth Benefits:
The objective of the project is to provide a methodology and analytic tool to reduce the occurrence of, or minimize the impact of, human errors during space missions and related activities. Human error remains a dominant contributor to and cause of catastrophe, tragedy, and waste in the modern world. As the number of undertakings involving human operation and oversight of complex and potentially dangerous technological systems increases, so does the need to effectively characterize, predict, and counter critical human errors. FRANCIE can be used to investigate, predict, and reduce the occurrence and impact of human errors for many activities (e.g. maintenance, operations, process control, planning, management, etc.) in domains such as medicine, transportation, manufacturing, environmental remediation, and power generation. The framework and methodology is designed to expand to any domain of human activity. It will apply to new domains given refinements to generic errors and contributing influences, and can be expanded to new domains through actual use in performing analyses. This is possible because of the comprehensive generic error and performance shaping factor classification, and because the methodology to apply the framework is standardized across domains. The viability of expansion through actual use is demonstrated by an application of FRANCIE for an aviation operations domain, helping to facilitate FAA certification of a new precision landing aid. The framework is designed to capture lessons learned across domains, thus enhancing the effectiveness of analyses for all domains. FRANCIE is currently being used for analysis of planned operations for an important environmental remediation effort at the Idaho National Engineering and Environmental Laboratory. A list of candidates for a potential FRANCIE User Group was assembled. The current candidates include almost thirty individuals from eight domains. The candidates are individuals that the principal investigator has interacted with relative to possible applications, and specific individuals associated with FRANCIE development. 



	

	Bibliography Type:
· Articles in Other Journals
Haney, L. FRamework Assessing Notorious Contributing Influences for Error (FRANCIE): Overview and Generic User Guidance. Idaho National Engineering and Environmental Laboratory, INEEL/EXT-01-01014, July 2002. 

· Book
Hall, D. and Dudenhoeffer, D. FRANCIE Software Users Environmental Laboratory,INEEL/EXT-02-00979, July 2002. 

· Presentation
Haney L. “FRamework Assessing Notorious Contributing Influences for Error (FRANCIE): Looking Toward the Future”. Second Biennial Space Human Factors Workshop: Mars missions were not built in a day, Center for Advanced Space Studies, Houston, TX, January 23-24, 2002. 




