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Task Description:

	The goal of this research is to improve human factors engineering for intelligent computer systems that support control center operators. The objectives are to develop and evaluate human-computer interaction designs, methods and technology for networked workstations that support and automate real-time monitoring and anomaly detection, diagnosis, failure impact assessment, and malfunction procedure evaluation. These designs will support consistency and coordination between conventional telemetry monitoring software and automation software, including intelligent systems with advanced graphical interfaces. Designs will be developed for flight controller consoles in the NASA Johnson Space Center Mission Control Center. Another objective is to make advances in human factors task analysis methodology to support the level of analysis needed to design intelligent automation systems to be “team players”. Project products will include reusable designs, guidelines and methods. 

	In FY95, initial methods for task analysis and scenario generation for intelligent automation systems were documented in NASA Technical Memorandum 104807, Making Intelligent Systems Team Players: A Guide to Developing Intelligent Monitoring Systems. Methodology was also documented in a section on intelligent cooperative systems in a chapter on intelligent interfaces, to be published in the forthcoming new edition of the Handbook of Human-Computer Interaction, and in the initial draft of a Human Interaction Design Field Guide. Human interaction design has begun on intelligent software for situation capture and reporting to support anomaly response for Mechanical Maintenance and Crew Systems (MMACS) flight controllers. A variety of observational, interviewing, and prototyping methods have been applied to understanding the tasks and task context for this type of intelligent automation function. Some preliminary design concepts have been generated for situation capture and reporting, based on previous work with the Remote Manipulator System (RMS) Decision Support System (DESSY), a Mission Control Center intelligent system. 

	Benefits to medical applications and industry will be improvements in safety and effectiveness of automation software for operators of complex software-controlled equipment and processes. The innovative human-computer interaction design concepts and examples and the task description methodology will advance human factors engineering knowledge and practice for complex multi-screen multi-application operations support systems. 

	Bibliographic Citations for FY 1995:

	Land, S.A., J.T.Malin, C.Thronesbery and D.L. Schreckenghost. “Making intelligent systems team players: a guide to developing intelligent monitoring systems.” NASA-Johnson Space Center, Houston, TX, NASA Tech Brief, 104807, (1995). 

Malin, J.T. and C.G. Thronesbery. “Application reuse library for software, requirements and guidelines.” Dual Use Space Technology Transfer Conference and Exhibition (NASA Conference Publication 3263). NASA-Johnson Space Center, Houston, TX, 203-210, February, 1994. 

Malin, J.T., D.L. Schreckenghost and C.G. Thronesbery. “Principles and methods for design of adaptive cooperative automation, Book of Abstracts.” Life Sciences and Space Medicine Conference 95. AIAA and NASA, Houston, TX, 186-187, April, 1995. 


Year:

1996

	Task Description:

	The goal of this research is to improve human factors engineering for intelligent computer systems that support control center operators. The objectives are to develop and evaluate human-computer interaction designs, methods, and technology for networked workstations that support and automate real-time monitoring and anomaly detection, diagnosis, failure impact assessment, and malfunction procedure evaluation. These designs will support consistency and coordination between conventional telemetry-monitoring software and automation software, including intelligent systems with advanced graphical interfaces. Designs will be developed for flight controller consoles in the NASA Johnson Space Center Mission Control Center. Another objective is to make advances in human factors task analysis methodology to support the level of analysis needed to design intelligent automation systems to be “team players.” Project products will include reusable designs, guidelines, and methods. 

	In FY96, the case studies focused on intelligent situation capture and review for space shuttle flight controllers from the Mechanical Maintenance and Crew Systems (MMACS) discipline. The human interaction design storyboards and requirements are complete for the payload bay door (PLBD) case. The software captures and organizes real-time data associated with PLBD operations events and provides situation review displays. The review displays use an organized log presentation to identify anomalies and aid comparison of expected with observed operations, durations, and data. Human interaction design and the first prototype are also complete for SPORT (Situation Playback Orbiter Data Reduction Complex (ODRC) Retrieval Tool), which provides real-time data playback for situation review and automates data-retrieval requests. 

A draft Human Interaction Design Field Guide Methods Description was completed and made available on the World Wide Web. This guide to methods and process will be revised next year to include lessons learned in the case studies and methods developed in the project. Design products from the case studies have been linked to the Field Guide. 

	Benefits to medical applications and industry will be improvements in safety and effectiveness of automation software for operators of complex software-controlled equipment and processes. The innovative human-computer interaction design concepts and examples and the task description methodology will advance human factors engineering knowledge and practice for complex multi-screen, multi-application operations support systems. 

	FY96 Publications, Presentations, and Other Accomplishments:

	Malin, J.T. (abstract) Intelligent systems as team players. Minutes of the Department of Defense Human Factors Engineering Technical Advisory Group, 36th Meeting, Houston, TX: Abstract P-1 (May 1996). 

Malin, J.T. Cooperating automation: Event-oriented situation displays. Minutes of the Department of Defense Human Factors Engineering Technical Advisory Group, 36th Meeting, Houston, TX: Abstract Q-2 (May 1996). 

Malin, J.T., Thronesbery, C.G., and Schreckenghost, D.L. (abstract) Progress in human-centered automation: Communicating situation information. Life Sciences and Space Medicine Conference: A Book of Abstracts, AIAA, Houston, TX: 88-89 (March 1996). 

Woods, D.D., Patterson, E.S., Corban, J.M., and Watts, J.C. Bridging the gap between user-centered intentions and actual design practice. Proc. Human Factors and Ergonomics Soc. 40th Annual Meeting, Philadelphia, PA (September 1996). 


Year:

1997

	Task Description:

	The goal of this research is to improve human factors engineering for intelligent computer systems that support control center operators. The objectives are to develop and evaluate human-computer interaction designs, methods, and technology for networked workstations that support and automate real-time monitoring and anomaly detection, diagnosis, failure impact assessment, and malfunction procedure evaluation. These designs will support consistency and coordination between conventional telemetry monitoring software and automation software, including intelligent systems with advanced graphical interfaces. Designs will be developed for flight controller consoles in the NASA Johnson Space Center Mission Control Center. Another objective is to make advances in human factors methodology, to support the levels of analysis needed to design and evaluate intelligent automation systems to be “team players.” Project products will include reusable designs, guidelines, and methods. 

	Human interaction designs, operational design prototypes, and system requirements were completed for two systems for aiding ground controllers in monitoring and reviewing events and situations. SPORT (Situation Playback Orbiter Data Reduction Complex (ODRC) Retrieval Tool) provides real-time data playback and plots for situation review, and automates data retrieval requests. The Situation Data Collection and Review System selects data for retrieval, presentation, and review in organized logs and plots. The situation review displays are designed to aid anomaly identification and comparison of expected with observed operations times and data during an event. The organized log design makes clear when expected data is missing and when a particular log entry is an inference made by the software, and uses an indented and expandable outline format so that the basis for an inference is accessible by expanding the detail below it. Thus, the user can easily distinguish inferences from data, and can see data underlying an inference without a separate capability for providing explanations. These designs have been adapted and implemented in the Space Shuttle Remote Manipulator System Assistant Project, as part of work to upgrade the space shuttle and to prototype advanced control center technologies. 

One of the requirements that users levied late in the project is for a tool for developing specifications for the Situation Data Collection and Review System. The users did not focus on this requirement until the basic design was favorably evaluated. These users expect to develop and maintain the data files that underlie the creation of organized logs. Initial scenarios and storyboards have been developed for a specification tool for the Situation Data Collection and Review System to incrementally develop specifications for capture and viewing of the situation data. 

Documents that will be incorporated into the Field Guide for Designing Human Interaction with Intelligent Systems have been added to the Methods area of the CLARE library on the World Wide Web (http://tommy.jsc.nasa.gov/~clare/methods/). These include descriptions and examples of requirements, design, and evaluation products to document the methods of iterative analysis, design, and evaluation that are being used and refined by the team during the project. A multi-layered method of formal evaluation has evolved, which focuses on: (1) further understanding of the supported user tasks; (2) usefulness of strategies for supporting those tasks; and (3) usability of specific implementations of those strategies. A Guidelines and Lessons Learned document has also been drafted by collaborators from the Flight Crew Support Division to highlight the special features of the incremental methods used for designing usable and useful innovative aiding software, and to document new guidelines concerning capturing, logging, organizing, and analyzing system data. 

	Benefits to industrial and medical applications will be improvements in safety and effectiveness of automation software for operators of complex software-controlled equipment and processes. The innovative human-computer interaction design concepts, examples, and methods will advance human factors engineering knowledge and practice for complex multi-screen multi-application operations support systems. 

	FY97 Publications, Presentations, and Other Accomplishments:

	Patterson, E.S. “Coordination across shift boundaries in space shuttle mission control.” Technical report CSEL 97-TR-01, Cognitive Systems Engineering Laboratory, The Ohio State University (March, 1997). 

Patterson, E.S., and Woods, D.D. “Shift changes, updates and the on-call model in space shuttle mission control.” Proceedings of Human Factors and Ergonomics Society 41st Annual Meeting, Albuquerque, NM (September, 1997). 

Roth, E.M., Malin, J.T., and Schreckenghost, D.L. “Paradigms for Intelligent Interface Design” in “Handbook of Human-Computer Interaction.” Edited by: Helander, M., Landauer, T.K., and Prabhu, P. Elsevier North-Holland, 2nd edition (1997). 

Watts, J.C., Woods, D.D., Corban, J.M., Patterson, E.S., Kerr, R.L., and Hicks, L.C. “Voice loops as cooperative aids in space shuttle mission control.” Proceedings of the Computer Supported Cooperative Work ‘96, ACM, Boston, MA (November, 1996). 


Year:

1998

	Task Description:

	The goal of this research is to improve human factors engineering for intelligent computer systems that support control center operators. The objectives are to develop and evaluate human-computer interaction designs, methods, and technology for networked workstations that support and automate real-time monitoring and anomaly detection, diagnosis, failure impact assessment, and malfunction procedure evaluation. These designs will support consistency and coordination between conventional telemetry monitoring software and automation software, including intelligent systems with advanced graphical interfaces. Designs will be developed for flight controller consoles in the NASA Johnson Space Center Mission Control Center. Another objective is to make advances in human factors methodology, to support the levels of analysis needed to design and evaluate intelligent automation systems to be team players. Project products will include reusable designs, guidelines, and methods. 

	In the final year of the project, the Field Guide for Designing Human Interaction with Intelligent Systems has been completed. This guide has been published as a NASA Technical Memorandum (NASA TM-1998-208470). A Guide to Designing Usable Software Systems in Advanced Technology Environments has been developed in collaboration with the Flight Crew Support Division. This guide highlights the special features of the incremental methods used for designing usable and useful innovative aiding software, and documents considerations for design to support users in interpreting information, finding information, and supervising and controlling data interpretation and organization. The guide is being prepared for government publication. 

	Benefits to industrial and medical applications will be improvements in safety and effectiveness of automation software for operators of complex software-controlled equipment and processes. The innovative human-computer interaction design concepts, examples, and methods will advance human factors engineering knowledge and practice for complex and innovative operations support systems. 

	FY98 Publications, Presentations, and Other Accomplishments:

	Christoffersen, K. and Patterson, E.S. “Making intelligent systems team players: Experience from mission control.” Greater Dayton Area Chapter of the Association for Computing Machinery, Dayton, OH (October 16, 1997). 

Thronesbery, C.G. and Malin, J.T. Field guide for designing human interaction with intelligent systems. NASA Technical Memorandum TM-1998-208470, (July 1998). 


