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Task Description:

	We are developing computer support concepts and systems for aiding cooperative anomaly response. To do this, we are conducting a cognitive analysis of anomaly response activities in space shuttle mission control. This analysis focuses on the coordination that occurs across interdependent teams when subtle problems arise in space shuttle systems. Currently we are studying the anomaly response activities of a team of controllers who monitor the mechanical and crew systems on the space shuttle. We are analyzing the interactions between this team and other interdependent teams who become involved when anomalies arise. We are studying how these teams’ perspectives and knowledge overlap in ways that minimize the chances for errors in the anomaly response process. We will combine the information gained from our analyses with principles of effective human computer interaction to produce computer design concepts for useful tools to support anomaly response when it is distributed across interdependent teams. These design concepts should allow NASA to develop effective anomaly response support tools as the mission control structure changes to adapt to shrinking resources. 

Products will include a general model of the cognitive processes involved in distributed anomaly response, a detailed description of anomaly response in the space shuttle mission control domain, prototypes that will allow us to explore computer aiding concepts for supporting anomaly response, and generic design concepts which will support the development of anomaly response aids in cooperative domains. 

	To date, we have conducted observations, interviews, and reviews of past anomaly cases. Currently, we are focusing on the MMACS flight control team, who is responsible for the shuttle mechanical and crew systems. We have analyzed and observed how the MMACS team coordinates with related flight control teams and other ground support groups like the Mission Evaluation Room (MER), who become involved as the anomaly response process escalates. We observed the MMACS flight control team during training simulations and missions and analyzed anomaly reports, as well as flight logs and mission books documenting past anomalies. We have also interviewed members of the MMACS team, as well as members of the MER to further investigate the activities necessary for anomaly response. Our activities have studied how members of the MMACS team and the MER, as well as other ground support groups, cooperate and coordinate activities to successfully handle anomalies. Specifically, we have examined how these teams cooperate to minimize the chance for errors in the anomaly response process. Our activities have allowed us to develop a framework for our cognitive model, as well as ideas for aiding concepts to support anomaly response, especially as staffing levels change. We have also created an initial prototype to explore some of these aiding concepts. Our model of anomaly response will grow and evolve as we continue to develop and evaluate prototypes based on our aiding concept ideas. 

	Our research will benefit the space domain by maintaining the high level of performance in mission operations by supporting increased efficiency and productivity across teams who coordinate their efforts to respond to anomalies. Cooperative anomaly response occurs in many different domains. Our understanding of cooperative anomaly response and our computer support ideas will transfer to other domains like air traffic management, nuclear power, and anesthesiology, in which interdependent teams coordinate to respond to anomalies. 


Year:

1996

	Task Description:

	We have conducted a cognitive analysis of anomaly response which focused on the coordination occurring across a complex system of interdependent teams in space shuttle mission control. The data includes results from observations, interviews, and reviews of past anomaly cases. Our analysis activities have focused on the distributed nature of anomaly response in the space shuttle mission control domain, and have allowed us to develop a framework for our cognitive model, as well as ideas for aiding concepts to support anomaly response. 

We have combined the information gained from our research and analyses with principles of effective human computer interaction to produce design concepts for useful tools to support distributed anomaly response. These design concepts will allow NASA to develop effective anomaly response support tools as the mission control structure changes to adapt to shrinking resources. We are currently developing prototypes to demonstrate our design concepts. 

To date, products include a general model of the cognitive processes involved in distributed anomaly response and a detailed description of anomaly response in the space shuttle mission control domain. We have also finished one prototype of an anomaly response support system. We are currently working on a second iteration of prototypes that will allow us to further explore aiding concepts for supporting anomaly response, as well as generic design concepts for supporting the development of anomaly response support across disciplines. 

	To date, we have conducted observations, interviews, and reviews of past anomaly cases. We observed the MMACS flight control team during training simulations and missions and analyzed anomaly reports, as well as flight logs and mission books documenting past anomalies. We have also interviewed members of the MMACS team, as well as members of the MER (now called the MOIR) to further investigate the activities necessary for anomaly response. These activities have focused on the distributed nature of anomaly response in the space shuttle mission control domain, and have allowed us to develop our cognitive model of anomaly response, as well as ideas for aiding concepts to support the anomaly response process. We have also created an initial prototype to explore some of these aiding concepts. 

In addition, we have completed our general model of anomaly response and our detailed description of anomaly response in the space shuttle mission control domain. Papers include 1) exploring how voice loops support coordination presented at the Computer Supported Cooperative Work (CSCW) conference in November 1996 and 2) a dissertation entitled -A cognitive analysis of functionally distributed anomaly response in space shuttle mission control, submitted to Ohio State University in December 1996. 

Currently, we are working with shuttle mission control practitioners to develop a second generation of prototypes that have evolved from our cognitive model. Our model of anomaly response will grow and evolve as we continue to develop and evaluate prototypes based on our aiding concept ideas. 

	This research will benefit society in general by further developing our understanding of how to create tools to effectively support human problem solving. For example, by studying anomaly response in a distributed domain like space shuttle mission control, we are learning how to develop tools that effectively support group coordination and distributed problem solving. Our results should be applicable to many domains where problem solving is distributed across groups of people. 

	FY96 Publications, Presentations, and Other Accomplishments:

	Watts, J.C., Woods, D.D., and Patterson, E.S. Functionally distributed coordination during anomaly response in space shuttle mission control. Proceedings for the 3rd Annual Symposium on Human Interaction with Complex Systems (HICS ‘96), Dayton, OH (August 1996). 


Year:

1997

	Task Description:

	The overall goal of this and a related project is to enable rapid improvement in human factors engineering for operations automation computer systems by developing immediately useful human-computer interaction (HCI) designs, methods, and technology. 

The objectives of this research are, first, to develop and evaluate HCI designs for workstation-based systems that provide helpful information concerning anomaly detection and that support the fault management tasks of diagnosis, failure impact assessment, and malfunction procedure evaluation and monitoring. A second objective is to develop design concepts for a generic shell that will allow operations personnel to build anomaly response support systems for their particular application domains. A final objective is the development of methods for effectively designing and evaluating anomaly response support systems. 

	We have conducted a cognitive analysis of anomaly response which focused on the coordination occurring across a complex system of interdependent teams in space shuttle mission control. To date, we have conducted observations, interviews, and reviews of past anomaly cases. We observed the Mechanical, Maintenance, Arm, and Crew Systems (MMACS) flight control team during training simulations and missions, analyzed anomaly reports, as well as flight logs and mission books documenting past anomalies. We have also interviewed members of the MMACS team, as well as members of the MER (now called the MOIR) to further investigate the activities necessary for anomaly response. These activities have focused on the distributed nature of anomaly response in the space shuttle mission control domain, and have allowed us to develop a framework for our cognitive model, as well as ideas for aiding concepts to support anomaly response. These aiding concepts have been used to guide the design of a prototype distributed anomaly response support system. 

To date, products include a general model of the cognitive processes involved in distributed anomaly response and a detailed description of anomaly response in the space shuttle mission control domain. We have completed two iterations of prototyping activity in order to explore initial aiding concepts for supporting anomaly response, as well as generic design concepts for supporting the development of anomaly response support across disciplines. These activities have led to the development of a web-based demonstration system called ARTIS (Anomaly Response Tracking and Integration System). A mockup based on these results can be viewed at http://tommy.jsc.nasa.gov/~wong/hidars/hidars.html. A more complete and robust prototype is currently being implemented by our colleagues at NASA Johnson Space Center. We are currently in the planning stages of a user evaluation of this prototype system. 

	This research will benefit society in general by further developing our understanding of how to create tools to effectively support human problem solving. For example, by studying anomaly response in a distributed domain like space shuttle mission control, we are learning how to develop tools that effectively support group coordination and distributed problem solving. Our results should be applicable to many domains where problem solving is distributed across groups of people. 

	FY97 Publications, Presentations, and Other Accomplishments:

	Watts, J.C. A cognitive analysis of functionally distributed anomaly response in space shuttle mission control. (Dissertation) The Ohio State University: Columbus, OH (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 ACM 1996 Conference on Computer Supported Cooperative Work (pp. 48-56). ACM Press: Boston, MA (1996). 

Watts-Perotti, J.C. and Woods, D.D. “A cognitive analysis of functionally distributed anomaly response in space shuttle mission control.” (Technical Report 1997-TR-02). Cognitive Systems Engineering Laboratory, The Ohio State University: Columbus, OH (1997). 


Year:

1998

	Task Description:

	The overall goal of this and a related project is to enable rapid improvement in human factors engineering for operations automation computer systems by developing immediately useful human-computer interaction (HCI) designs, methods, and technology. 

The objectives of this research are, first, to develop and evaluate HCI designs for workstation-based systems that provide helpful information concerning anomaly detection and that support the fault management tasks of diagnosis, failure impact assessment, and malfunction procedure evaluation and monitoring. A second objective is to develop design concepts for a generic shell that will allow operations personnel to build anomaly response support systems for their particular application domains. A final objective is the development of methods for effectively designing and evaluating anomaly response support systems. 

	In our previous work on this project we developed a general cognitive model of the anomaly response process for space shuttle mission control. This model was used as a basis for the design of a prototype web-based anomaly response support tool (the Anomaly Response Tracking and Integration System; ‘ARTIS’) for use by space shuttle mission controllers and engineers. The tool is designed to facilitate cooperation among anomaly response team members through the use of a common, remotely accessible workspace and information repository. During FY98, effort focused on continued development of the prototype and integration with supporting technologies (e.g., processes were defined for using optical character recognition technology to allow users to upload paper-based documents). The database for the prototype was populated with data from actual anomaly scenarios from previous space shuttle missions. The capabilities of the prototype were demonstrated to flight controllers in walkthroughs of these scenarios. Flight controllers’ comments were used to generate a series of design recommendations targeting the prototype’s usefulness and usability. Feedback was also collected on a number of design features proposed for development in the final version of the system. Results of this work were reported in an unpublished document ‘Creating a Team Archive during Fast-paced Anomaly Response Activities in Space Shuttle Missions.’ Design specifications have been prepared for final implementation of the prototype pending identification of a sponsor. A version of the document workspace from the ARTIS system has already been implemented and is being used for the Engineering Directorate’s BIO-Plex project (see http://139.169.132.243/bioplex/Login.cfm). In addition, the requirements and background information are being studied by developers of the new Space Shuttle Vehicle Engineering Office (SSVEO) web site. 

	This research will benefit society in general by further developing our understanding of how to create tools to effectively support human problem solving. For example, by studying anomaly response in a distributed domain like space shuttle mission control, we are learning how to develop tools that effectively support group coordination and distributed problem solving. Our results should be applicable to many domains where problem solving is distributed across groups of people. 

	FY98 Publications, Presentations, and Other Accomplishments:

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

Patterson, E.S., Woods, D.D., Sarter, N.B., and Watts-Perotti, J. “Patterns in cooperative cognition.” Proceedings of COOP ‘98, Third International Conference on the Design of Cooperative Systems. Cannes, France (May 26 - 29, 1998). 

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

Woods, D.D. “Designs are hypotheses about how artifacts shape cognition and collaboration.” Ergonomics, 41, 168-173 (1998). 

Woods, D.D. “Patterns in distributed cognition: Field work on cognition and collaboration in anomaly response.” Proceedings of the Fourth Conference on Naturalistic Decision Making, Warrenton VA (May 30 - 31, 1998). 


Year:

1999

	Task Description:

	The overall goal of this and a related project is to enable rapid improvement in human factors engineering for operations automation computer systems by developing immediately useful human-computer interaction (HCI) designs, methods, and technology. 

The objectives of this research are, first, to develop and evaluate HCI designs for workstation-based systems that provide helpful information concerning anomaly detection and that support the fault management tasks of diagnosis, failure impact assessment, and malfunction procedure evaluation and monitoring. A second objective is to develop design concepts for a generic shell that will allow operations personnel to build anomaly response support systems for their particular application domains. A final objective is the development of methods for effectively designing and evaluating anomaly response support systems. 

	In the earlier stages of this work, we developed a cognitive model of the anomaly response process in space shuttle mission control. This model was used to guide the development of a prototype web-based anomaly response support tool (the Anomaly Response Tracking and Integration System; “ARTIS”). The prototype was evaluated with flight controllers and design specifications were generated for implementation of the full operational system pending identification of a sponsor. ARTIS has been proposed as one of a set of tools which will form the core of the next generation of mission control center support software. In the past year, our attention has been on refining our initial model of the anomaly response process into a more general model of communication and coordination for complex, distributed environments. We have conducted extensive observations of operations in the International Space Station Mission Control Center (ISS-MCC). This model is currently being evaluated and documented in a study of ISS flight controller mission logs. This activity is expected to close work on this project. 

	This research will benefit society in general by further developing our understanding of how to create tools to effectively support human problem solving. For example, by studying anomaly response in a distributed domain like space shuttle mission control, we are learning how to develop tools that effectively support group coordination and distributed problem solving. Our results should be applicable to many domains where problem solving is distributed across groups of people. 

	FY99 Publications, Presentations, and Other Accomplishments:

	Chow, R. (abstract) “Why Mission Control Works: Supporting Cognition and Collaboration in Complex Dynamic Worlds.” In Proceedings of the Human Factors and Ergonomics Society 43rd Annual Meeting, (pp. 271-274). Houston, TX: HFES (1999). 

Christoffersen, K. “Event representations: Communicating change information in supervisory control.” In Proceedings of the Human Factors and Ergonomics Society 43rd Annual Meeting (pp. 266-270). Houston, TX: HFES (1999). 

Malin, J.T. “Human-Centered Automation: The View from Earth versus the View from Mars.” Human-Centered Automation: Getting Ready for Mars, Panelist Presentation. Human Factors and Ergonomics Society 43rd Annual Meeting. Houston, TX (September 1999). 

Woods, D.D., Patterson, E.S., Roth, E.M., and Christoffersen, K. “Can we ever escape from Data Overload? A cognitive systems diagnosis.” In Proceedings of the Human Factors and Ergonomics Society 43rd Annual Meeting (pp. 174-178). Houston, TX: HFES (1999).


