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Task Description:

	This is one of two related proposals that seek to advance capabilities for effective and efficient performance by NASA mission operations personnel. The introduction of increasingly advanced operations automation software in space operations is expected to facilitate a shift to an on-call model of human expertise utilization. Under this new model, a small number of on-duty human controllers and technical system experts will be responsible for monitoring large numbers of systems which are primarily under the control of automation software. This will result in significant changes in the roles that on-duty and on-call personnel take, and in the support tools required to facilitate these new roles. Maintaining awareness of system states and processes will become increasingly difficult as automation becomes more prevalent and the move towards minimal staffing scenarios continues. Thus, an objective of this proposal is to develop requirements for systems that support controllers and system technical experts in building and maintaining accurate models of system states and processes in the context of the envisioned space operations environment. With the aid of our previous studies of communication processes among controllers in space shuttle operations, and on a proposed cognitive analysis of updating and mission awareness in space operations, we intend to build a cognitive model of the nature of updating activities and the critical elements of mission awareness for a specific flight domain. This cognitive model will be used to drive development of initial prototype concepts for a mission awareness support system that will be evaluated in exercises with mission operations personnel. The results of these efforts will guide development of a refined prototype to be tested in training and full-scope simulation exercises. 

	Early work on this project has focused on a review of previous research on human supervisory control of highly automated systems and the identification of examples within NASA for further study. Two primary candidates have thus far been identified: mission operations for the Deep Space 1 probe, part of the New Millennium Program at the Jet Propulsion Laboratories (see http://nmp.jpl.nasa.gov/ds1); and the satellite ground control center at Goddard Space Flight Center. A secondary candidate is the Space Station operations center at Johnson Space Center (JSC), pending the status of Space Station construction. We have begun planning for an observational case study (studies) of intermittent human monitoring of highly automated systems, to be conducted in one (or more) of the above three settings if opportunities allow, but which may be conducted in a non-NASA setting if necessary (e.g., aviation or industrial process control). These observations will contribute to our cognitive analysis of orientation and situation assessment by human monitors of highly automated systems. 

Key research issues identified thus far center around the need for novel information display techniques to support intermittent monitoring by human observers. First, there is a need for displays that integrate representations of system state with representations of automation activity. Second, there is a need to support review and interpretation of historical and summary data through event-based display methods. These are each necessary to enable human monitors to become rapidly oriented to system status after some interval during which there was no direct monitoring. A review of current display techniques being employed in highly automated settings has been undertaken. A distinct but related set of issues arise from the need to identify requirements for supporting escalation from nominal operations to anomaly investigation and response activities when problems are identified. The ability to support a smooth transition between these phases of activity will be a primary measure of success for any monitoring support system. 

The Adjustable Autonomy Testbed (AAT) project at JSC has been identified as a potential test application for the design ideas that we hope to generate from our initial activities. The Co-Investigator’s direct involvement with this project presents us with an opportunity to shape the basic automation design in ways that support monitoring and situation assessment tools. 

	There is a general trend in many industries towards increased levels of automated monitoring and control in order to more efficiently distribute available human expertise. However, in order to ensure maintained levels of reliability and productivity, there is a concomitant need to be able to call on human experts when problems arise which are outside the range of competence of the automated systems. This research seeks to identify requirements for successful implementation of advanced automation systems that facilitate human involvement when necessary. Techniques to support these requirements are expected to have a potentially broad scope of applicability, both within and outside of NASA. 

	FY98 Publications, Presentations, and Other Accomplishments:

	Patterson, E.S., Watts-Perotti, J.C., and Woods, D.D. “Voice loops as coordination aids in Space Shuttle Mission Control.” Computer Supported Cooperative Work (in press). 

Woods, D.D. and Patterson, E.S. “How unexpected events produce an escalation of cognitive and coordinative demands” in “Stress, Workload and Fatigue.” Edited by: Hancock, P.A. and Desmond, P. Erlbaum, Hillsdale, NJ (in press). 
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1999

	Task Description:

	This is one of two related proposals that seek to advance capabilities for effective and efficient performance by NASA mission operations personnel. The introduction of increasingly advanced operations automation software in space operations is expected to facilitate a shift to an “on-call” model of human expertise utilization. Under this new model, a small number of “on-duty” human controllers and technical system experts will be responsible for monitoring large numbers of systems which are primarily under the control of automation software. This will result in significant changes in the roles that on-duty and on-call personnel take, and in the support tools required to facilitate these new roles. Maintaining awareness of system states and processes will become increasingly difficult as automation becomes more prevalent and the move towards minimal staffing scenarios continues. Thus, an objective of this proposal is to develop requirements for systems that support controllers and system technical experts in building and maintaining accurate models of system states and processes in the context of the envisioned space operations environment. With the aid of our previous studies of communication processes among controllers in space shuttle operations, and on a proposed cognitive analysis of updating and mission awareness in space operations, we intend to build a cognitive model of the nature of updating activities and the critical elements of mission awareness for a specific flight domain. This cognitive model will be used to drive development of initial prototype concepts for a mission awareness support system that will be evaluated in exercises with mission operations personnel. The results of these efforts will guide development of a refined prototype to be tested in training and full-scope simulation exercises. 

	We participated in the Space Human Factors Engineering Needs Assessment Workshop in Houston, TX from January 14-15, 1999. This was a NASA-sponsored workshop to assess the human factors research necessary to support long-duration space missions. We served as part of the working group on automation to define human factors requirements and research needs for highly capable, highly autonomous automated systems. 

We also attended the inaugural meeting of the Automation Technologies for Space Operations Group at NASA Johnson Space Center, February 3-4, 1999. This meeting was organized by the Advanced Projects Office of the Mission Operations Directorate in order to share knowledge and build partnerships among groups working within NASA on advanced automation technologies. We formed an informal partnership with the Advanced Projects Office to investigate needs and opportunities for automation within the Mission Control Center for the International Space Station (ISS). 

One of the themes of this research is the need for coordination between humans and automation during escalating situations. In the context of NASA mission control operations, one of the goals is therefore to understand the requirements for effectively supporting coordinative activities such as handovers and updating between flight controllers and other (human or machine) agents. In order to pursue this theme, we have been working with two flight control disciplines at NASA Johnson Space Center. 

The first of these groups is the ISS Station Duty Officers (SDOs). The SDO is responsible for monitoring the ISS during periods when the full flight control team is not on duty. The SDO position therefore represents an analog to the envisioned space operations environment where a small number of controllers will be responsible for large numbers of systems that operate largely autonomously. A descriptive model of the duties performed by the SDOs was generated, with special attention given to processes involved in shift handovers and the activities associated with anomalous events. The second flight controller group is the CAPCOM group. The CAPCOMs are responsible for interfacing between the crew and the flight control team during a mission. Their case is particularly interesting because the “systems” they have primary responsibility for (i.e., the crew) are not hardware systems, and therefore do not lend themselves to the kind of automated tracking that is sometimes possible with technical, engineered systems. 

Extensive interviews and observations of each of these flight control groups has led, in part, to the development of a general model of communication and coordination in distributed environments. Development of this model is ongoing as the subject of a graduate student thesis. 

Also based on these efforts, we have developed initial requirements for a software tool to support capture, archiving, and access to information about events and activities onboard the ISS. These have been documented in two technical reports (available from The Institute for Ergonomics, Ohio State University). The tool is a web- and database- capable operations assistant to aid flight controllers in logging, tracking, and communicating about operations issues both within and across shift and discipline boundaries. Phased development of a working prototype is taking place under the supervision of the JSC Advanced Projects Office. We are currently preparing to conduct user evaluations of the first phase prototype. In addition to fulfilling a clear operational need, the development of this tool will serve as a research vehicle, allowing us to test and refine our understanding of the processes of communication and coordination required to support orientation and updating activities. 

	There is a general trend in many industries towards increased levels of automated monitoring and control in order to more efficiently distribute available human expertise. However, in order to ensure maintained levels of reliability and productivity, there is a concomitant need to be able to call on human experts when problems arise which are outside the range of competence of the automated systems. This research seeks to identify requirements for successful implementation of advanced automation systems that facilitate human involvement when necessary. Techniques to support these requirements are expected to have a potentially broad scope of applicability, both within and outside of NASA. 

	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). 

Thronesbery, C.G., Christoffersen, K., and Malin, J.T. “Situation-oriented displays of Space Shuttle data.” In Proceedings of the Human Factors and Ergonomics Society 43rd Annual Meeting (pp. 284-288). Houston, TX (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). 
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2000

	Task Description:

	This project seeks to advance capabilities for effective and efficient performance by NASA mission operations personnel. The introduction of increasingly advanced operations automation software in space operations is expected to facilitate a shift to an “on-call” model of human expertise utilization. Under this new model, a small number of “on-duty” human controllers and technical system experts will be responsible for monitoring large numbers of systems which are primarily under the control of automation software. This will result in significant changes in the roles that on-duty and on-call personnel take, and in the support tools required to facilitate these new roles. Maintaining awareness of system states and processes will become increasingly difficult as automation becomes more prevalent and the move towards minimal staffing scenarios continues. 

Thus, one objective is to develop requirements for systems that support controllers and system technical experts in building and maintaining accurate models of system states and processes in the context of the envisioned space operations environment. With the aid of previous studies of communication processes among controllers in space shuttle operations, and on a proposed cognitive analysis of updating and mission awareness in space operations, we developed a cognitive model of the nature of updating activities and the critical elements of mission awareness. This cognitive model helped drive development of initial prototype concepts for a mission awareness support system. 

	One of the themes of this research is the need for coordination between humans and automation during escalating situations. In distributed anomaly response and replanning, team members must coordinate their activities in the process of performing basic cognitive functions such as generating candidate hypotheses during diagnosis, or contingency evaluation while modifying a plan in progress. Understanding how human teams accomplish this will enable development of new computer support tools. 

In the context of NASA mission control operations, one of the goals is therefore to understand the requirements for effectively supporting coordinative activities such as handovers and updating between flight controllers and other (human or machine) agents. In order to pursue this theme, we have been working with flight control disciplines at NASA Johnson Space Center. 

The first of these groups is the ISS Station Duty Officers (SDOs). The SDO is responsible for monitoring the ISS during periods when the full flight control team is not on duty. The SDO position therefore represents an analog to the envisioned space operations environment where a small number of controllers will be responsible for large numbers of systems that operate largely autonomously. A descriptive model of the duties performed by the SDOs was generated, with special attention given to processes involved in shift handovers and the activities associated with anomalous events. A second flight controller group is the CAPCOM group. The CAPCOMs are responsible for interfacing between the crew and the flight control team during a mission. Their case is particularly interesting because the “systems” they have primary responsibility for (i.e., the crew) are not hardware systems, and therefore do not lend themselves to the kind of automated tracking that is sometimes possible with technical, engineered systems. 

Through cooperation with these groups and based on past results, we developed the C0-Ladder Model of coordination and communications among distributed practitioners engaged in the cognitive work of anomaly response and replanning. The model was tested by analysis of coordinative activities in response to an anomaly during a space shuttle mission and by an analysis of the content of logs composed by one discipline of flight controllers in the space station mission control environment. These logs were found to emphasize events/states, activities and expectations over other information types, and demonstrated that online practitioners responsible for real-time monitoring and control focused on different information than offline practitioners responsible for in-depth analyses and planning. The Co-Ladder model was useful for describing the content of and motivation for communication, but it was inadequate for describing the roles and relationships of the communicators. This work generated valuable insight as to how the current model can be refined to improve its utility for future analyses of communication, as well as useful design guidance for an electronic logging and handover support tool for space station mission controllers. 

Based in part on these efforts, we developed initial requirements for a software tool to support capture, archiving, and access to information about events and activities onboard the ISS. The tool is a web- and database- capable operations assistant to aid flight controllers in logging, tracking, and communicating about operations issues both within and across shift and discipline boundaries. Phased development of a working prototype is continuing. 

Another study is underway to model how people are able to extract events from the moment-by-moment flow of telemetry data. By studying experts and novices we hope to be able to advance the development of event based intelligent visualizations to aid anomaly response and replanning. 

In addition, we participated in the Space Human Factors Engineering Needs Assessment Workshop in Houston, TX from Jan. 14-15, 1999. This was a NASA- sponsored workshop to assess the human factors research necessary to support long-duration space missions. Served as part of the working group on automation to define human factors requirements and research needs for highly capable, highly autonomous automated systems. 

We attended the inaugural meeting of the Automation Technologies for Space Operations Group at NASA Johnson Space Center, Feb. 3-4, 1999. This meeting was organized by the Advanced Projects Office of the Mission Operations Directorate in order to share knowledge and build partnerships among groups working within NASA on advanced automation technologies. Formed an informal partnership with the Advanced Projects Office to investigate needs and opportunities for automation within the Mission Control Center for the International Space Station (ISS). 

	There is a general trend in many industries towards increased levels of automated monitoring and control in order to more efficiently distribute available human expertise. However, in order to ensure maintained levels of reliability and productivity, there is a concomitant need to be able to call on human experts when problems arise which are outside the range of competence of the automated systems. This research seeks to identify requirements for successful implementation of advanced automation systems that facilitate human involvement when necessary. Techniques to support these requirements are expected to have a potentially broad scope of applicability, both within and outside of NASA. 

	FY00 Publications, Presentations, and Other Accomplishments:

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

Chow, R. “A Cognitive Systems Analysis of Coordination in Space Station Mission Control.” Thesis, The Ohio State University (Autumn, 1999). 

Patterson, E.S., Watts-Perotti, J.C., and Woods, D.D. “Voice Loops as Coordination Aids in Space Shuttle Mission Control.” Computer Supported Cooperative Work, 8, 353-371, (1999). 

Woods, D.D., and Patterson, E.S. “How Unexpected Events Produce an Escalation of Cognitive and Coordinative Demands” in “Stress Workload and Fatigue.” ed. Hancock, P.A. and Desmond, P. Lawrence Erlbaum, Hillsdale NJ, in press. 

Christoffersen, K., Chow, R., Wales, R., and O’Neill, J. CAPCOM Logging and Handover Tool: Preliminary Design Concepts. Institute for Ergonomics/Cognitive Systems Engineering Laboratory Report, ERGO-CSEL 99-TR-08, The Ohio State University, Columbus, OH, (1999). 

Chow, R., Christoffersen, K., O’Neill, J., and Wales, R. SDO Logging and Handover Tool: Preliminary Design Concepts. Institute for Ergonomics/Cognitive Systems Engineering Laboratory Report, ERGO-CSEL 99-TR-09, The Ohio State University, Columbus, OH, (1999). 

Chow, R., Christoffersen, K., and Woods, D.D. “A Model of Communication in Support of Distributed Anomaly Response and Replanning.” Proceedings of the 44th Annual Meeting of the Human Factors and Ergonomics Society/IEA2000, July, 2000. 

Christoffersen, K. “Event representations: Communicating change information in supervisory control.” Proceedings of the Human Factors and Ergonomics Society 43rd Annual Meeting (p. 266-270), Houston, TX, HFES, 2000. 

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

Thronesbery, C.G., Christoffersen, K., and Malin, J.T. “Situation-oriented displays of Space Shuttle data.” Proceedings of the Human Factors and Ergonomics Society 43rd Annual Meeting (p. 284-288), Houston, TX, HFES, 1999. 
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	Tasks Info:
  Task Abstract/Description:
This project seeks to advance capabilities for effective and efficient performance by NASA mission operations personnel. The introduction of increasingly advanced operations automation software in space operations is expected to facilitate a shift to an “on-call” model of human expertise utilization. Under this new model, a small number of “on-duty” human controllers and technical system experts will be responsible for monitoring large numbers of systems which are primarily under the control of automation software. This will result in significant changes in the roles that on-duty and on-call personnel take, and in the support tools required to facilitate these new roles. Maintaining awareness of system states and processes will become increasingly difficult as automation becomes more prevalent and the move towards minimal staffing scenarios continues. 

Thus, one objective is to develop requirements for systems that support controllers and system technical experts in building and maintaining accurate models of system states and processes in the context of the envisioned space operations environment. With the aid of previous studies of communication processes among controllers in space shuttle operations, and on a proposed cognitive analysis of updating and mission awareness in space operations, we developed a cognitive model of the nature of updating activities and the critical elements of mission awareness. This cognitive model helped drive development of initial prototype concepts for a mission awareness support system. The data and model emphasize the central role of extracting event patterns from the streams of data and communicating about these event patterns in cooperative work. Additional studies have sought to understand how people are expert at recognizing event patterns as an input to design more intelligent logging and display systems. 

  Task Progress:
This project seeks to advance capabilities for effective and efficient performance by NASA mission operations personnel. The introduction of increasingly advanced operations automation software in space operations is expected to facilitate a shift to an “on-call” model of human expertise utilization. Under this new model, a small number of “on-duty” human controllers and technical system experts will be responsible for monitoring large numbers of systems which are primarily under the control of automation software. This will result in significant changes in the roles that on-duty and on-call personnel take, and in the support tools required to facilitate these new roles. Maintaining awareness of system states and processes will become increasingly difficult as automation becomes more prevalent and the move towards minimal staffing scenarios continues. 

Thus, one objective is to develop requirements for systems that support controllers and system technical experts in building and maintaining accurate models of system states and processes in the context of the envisioned space operations environment. With the aid of previous studies of communication processes among controllers in space shuttle operations, and on a proposed cognitive analysis of updating and mission awareness in space operations, we developed a cognitive model of the nature of updating activities and the critical elements of mission awareness. This cognitive model helped drive development of initial prototype concepts for a mission awareness support system. The data and model emphasize the central role of extracting event patterns from the streams of data and communicating about these event patterns in cooperative work. Additional studies have sought to understand how people are expert at recognizing event patterns as an input to design more intelligent logging and display systems. 

Task Progress: (Please describe research accomplishments during the past year) 

One of the themes of this research is the need for coordination between humans and automation during escalating situations. In distributed anomaly response and replanning, team members must coordinate their activities in the process of performing basic cognitive functions such as generating candidate hypotheses during diagnosis, or contingency evaluation while modifying a plan in progress. Understanding how human teams accomplish this will enable development of new computer support tools. 

In the context of NASA mission control operations, one of the goals is therefore to understand the requirements for effectively supporting coordinative activities such as handovers and updating between flight controllers and other (human or machine) agents. In order to pursue this theme, we have been working with flight control disciplines at NASA Johnson Space Center. 

Through cooperation with these groups and based on past results, we developed the Co-Ladder Model of coordination and communications among distributed practitioners engaged in the cognitive work of anomaly response and replanning. The model was tested by analysis of coordinative activities in response to an anomaly during a space shuttle mission and by an analysis of the content of logs composed by one discipline of flight controllers in the space station mission control environment. These logs were found to emphasize events/states, activities and expectations over other information types, and demonstrated that online practitioners responsible for real-time monitoring and control focused on different information than offline practitioners responsible for in-depth analyses and planning. The Co-Ladder model was useful for describing the content of and motivation for communication, but it was inadequate for describing the roles and relationships of the communicators. This work generated valuable insight as to how the current model can be refined to improve its utility for future analyses of communication, as well as useful design guidance for an electronic logging and handover support tool for space station mission controllers. 

The Co-Ladder model has proved useful in analyzing situations where teams must modify plans in progress to handle disrupting events. Through examination of other domains where replanning occurs the model is being extended to handle events which create new opportunities to achieve mission goals. 

The data emphasized and model Co-Ladder captured the central role of extracting event patterns from the streams of data and communicating about these event patterns in cooperative work. But this raises a puzzle -- how people are expert at recognizing event patterns given the variability of data and multiple data channels. We designed and carried out a new study that investigated the ability of practitioners at various levels of experience to extract events from telemetry streams. 

In the study, 17 medical professionals viewed simulated telemetry from a surgical procedure. A technique adapted from social perception research was used to trace participants’ flow of attention to new information as they viewed the case. The results demonstrate that observers dynamically construct higher-level descriptions of system behavior from instantaneous data values, and that these descriptions implicate various types of contextual information. 

The results indicate ways to develop advanced representations of change that highlight coherent units of behavior in system properties (“events”). These concepts may advance the development of event based intelligent visualizations to aid distributed human-human teams and human-automation teams engaged in anomaly response and replanning tasks. 

  Research impact on American/Earth Benefits:
There is a general trend in many industries towards increased levels of automated monitoring and control in order to more efficiently distribute available human expertise. However, in order to ensure maintained levels of reliability and productivity, there is a concomitant need to be able to call on human experts when problems arise which are outside the range of competence of the automated systems. This research seeks to identify requirements for successful implementation of advanced automation systems that facilitate human involvement when necessary. Techniques to support these requirements are expected to have a potentially broad scope of applicability, both within and outside of NASA. 
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