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	● As future space missions become longer and more complex, the human performance requirements associated with those missions are changing. Detailed training for all mission tasks is not always completed pre-flight, but in many cases is delivered “just-in-time” (JIT). The changes in mission requirements, when coupled with the changes in operator state associated with longer missions, underscore the importance of an accurate astronaut status assessment system. An integrated system that presents recommendations for new or refresher training for upcoming activities would provide even greater utility. 

The overall objectives of the current research are to further the self-assessment of astronaut cognitive and sensorimotor state as it relates to crew performance, and to establish a framework for integrating the assessment results with prescriptions for training and countermeasure interventions. In the arena of self-assessment, it is important for each astronaut to determine his or her current state in relation to individual capacity. This necessitates an assessment of reserve capacity in a relevant mission setting. Traditionally, reserve capacity has been assessed using a secondary task method that assesses status based on performance on an additional, non-primary task. In contrast, the proposed solution in this research is the development of “dynamic load” tasks, whose level of difficulty changes as the task progresses. The research approach involves innovative transformation of traditional cognitive assessment tasks in order to measure critical limits at the time of testing in relation to an unstressed baseline obtained at the maximum trained proficiency. 

The initial focus of our research is on the self-assessment of sensorimotor or visuomotor state. We will incorporate validation of the instrument using a training simulator for RMS (robot arm) operations. The research hypothesis is that appropriately constructed dynamic-load tasks will reveal cognitive decrements sooner than simple tasks, that is, at an earlier point of training proficiency loss or at a lower exposure to a risk factor. This hypothesis will be tested by comparing the sensitivity of dynamic-load tasks with the sensitivity of standard static-load tasks utilizing similar task elements. For validation purposes, the sources of performance change will be time-induced skill decay and fatigue-induced changes in visuomotor and cognitive state. 

In summary, the research will provide the assessment methodology and implementation for one dimension of cognitive/sensorimotor performance (Year 1), implementation of the methodology with a simulated NASA operational task (Year 2), a ground-based validation study (Year 2), and a multivariate expansion of the system (Year 3). 


	● Task Progress:
At the end of the first year of grant activity, the following milestones have been completed: a review of the current state-of-the-art in cognitive state assessment, the development of a dynamic-load tracking task and data analysis methodology, a sleep deprivation pilot study to evaluate the sensitivity of different configurations of the tracking task, and acquisition of the hardware and portions of the software to present a generic basic skills training simulator for the robot arm. 

A review of the current state of cognitive performance assessment tools was conducted through an examination of the published literature, internet searches, and attendance at relevant meetings sponsored by NATO, the US Army, and small businesses. (Schlegel and Gilliland serve as U.S. representatives to a NATO RTO Task Group on Operator Functional State Assessment). The approach of dynamic-parameter testing has been discussed at these venues, but has not been previously implemented to the best of our knowledge. 

An extensive review of the seminal line of research and current day implementations of unstable and critically unstable tracking tasks revealed a number of inconsistencies in implementation. Substantial effort was expended to reconcile the differences and to ensure the use of accurate controlled-element dynamics. Manzey and his colleagues demonstrated that microgravity and fatigue contribute differentially to decreases in operator gain, increases in effective time delay, and increases in remnant. Operator gain is the ratio of the controller signal to the disturbance input signal. Phase lag is the time offset between the two signals. In our dynamic-load tracking task, a technique employed by Manzey was incorporated by adding an input forcing function or disturbance to the unstable tracking system. By examining the relative power spectra of the disturbance signal and the operator control input, bode plots of the operator response can be constructed to determine gain and phase lag (time delay). 

Eight variations of the tracking task were developed by combining different levels of stability of the tracking element with different amplitudes of the forcing function. A series of validation studies will enable selection of the task form and parameters that maximize sensitivity to the different risk factors. The first of these studies involved eight participants in a 36-hour sleep deprivation pilot experiment. Although data analysis of all eight-task variations is not complete, preliminary results confirm differences in operator gain or time delay accompanying reduced performance for at least a subset of the task variations. 

An essential requirement for validating the assessment system was the identification of a relevant complex NASA operational task with an available high-fidelity simulator. The Remote Manipulator System (or RMS robot arm) used on the Shuttle and on Station was the system of choice due to the complexity of the task requirements and the availability of an RMS Dynamic Skills Trainer. The Basic Operational Robotics Instructional System (or BORIS) was released in November 2001. As of December 2001, we have acquired the necessary hardware and the TRICK simulation software environment in which BORIS runs. Acquisition and installation of the BORIS software will occur in early 2002. We have also reviewed RMS training materials to identify performance proficiency criteria, but will need to conduct further work in this area to construct objective performance metrics. 


	● Research impact on American/Earth Benefits:
Our current NASA research forms a component of a larger program in cognitive performance assessment at the University of Oklahoma. Successful development of this next generation of dynamic-load assessment tasks will lead to expansion of the methodology to other dimensions. Final implementation in an operational setting will require integration of the task modules into an automated planning, scheduling, and resource allocation system with an intelligent interface to improve astronaut autonomy while maintaining high levels of mission success. 

This research will also lead to improved cognitive performance assessment in military and commercial contexts. Results of the research will be readily usable in readiness-to-perform (RTP) programs in the public sector. Demonstration of the effectiveness of complex, dynamic-load tasks and other strategies for assessing performance changes will translate directly to RTP tests with greater sensitivity and selectivity, especially with the development of multivariate scoring approaches. 
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2002

	● Task Abstract/Description:
As future space missions become longer and more complex, the human performance requirements associated with those missions are changing. Detailed training for all mission tasks is not always completed pre-flight, but in many cases is delivered “just-in-time” (JIT). The changes in mission requirements, when coupled with the changes in operator state associated with longer missions, underscore the importance of an accurate astronaut status assessment system. An integrated system that presents recommendations for new or refresher training for upcoming activities would provide even greater utility. 

The overall objectives of the current research are to further the self-assessment of astronaut cognitive and sensorimotor state as it relates to crew performance, and to establish a framework for integrating the assessment results with prescriptions for training and countermeasure interventions. In the arena of self-assessment, it is important for each astronaut to determine his or her current state in relation to individual capacity. This necessitates an assessment of reserve capacity in a relevant mission setting. Traditionally, reserve capacity has been assessed using a secondary task method that assesses status based on performance on an additional, non-primary task. In contrast, the proposed solution in this research is the development of “dynamic load” tasks, whose level of difficulty changes as the task progresses. The research approach involves innovative transformation of traditional cognitive assessment tasks in order to measure critical limits at the time of testing in relation to an unstressed baseline obtained at the maximum trained proficiency. 

The initial focus of our research is on the self-assessment of sensorimotor or visuomotor state. We will incorporate validation of the instrument using a training simulator for RMS (robot arm) operations. The research hypothesis is that appropriately constructed dynamic-load tasks will reveal cognitive decrements sooner than simple tasks, that is, at an earlier point of training proficiency loss or at a lower exposure to a risk factor. This hypothesis will be tested by comparing the sensitivity of dynamic-load tasks with the sensitivity of standard static-load tasks utilizing similar task elements. For validation purposes, the sources of performance change will be time-induced skill decay and fatigue-induced changes in visuomotor and cognitive state. 

In summary, the research will provide the assessment methodology and implementation for one dimension of cognitive/sensorimotor performance (Year 1), implementation of the methodology with a simulated NASA operational task (Year 2), a ground-based validation study (Year 2), and a multivariate expansion of the system (Year 3). 


	● Task Progress:
At the end of the second year of grant activity, the following milestones have been accomplished: completion of an alternative analysis methodology using spectral analysis for visuomotor tracking task data, completion of a parametric study to optimize analysis time epochs for the dynamic-load tracking task, acquisition and installation of all software modules to implement BORIS (an intermediate-fidelity robotic skills training simulator), completion by PI of the NASA Generic Robotics Training (GRT) course at JSC, partial GRT of additional research personnel at the University of Oklahoma (OU), purchase of special-purpose hand controller hardware (with five-month delivery time), and successful construction and operation of alternate low-precision hand controllers. Therefore, we have completed research on the dynamic visuomotor tracking task and now benefit from an operational robot arm graphics simulator with a cadre of trained operators. 

In furthering the development of our dynamic-load tracking task, a data analysis technique employed by Manzey was refined by applying spectral analysis to the operator responses to a disturbance forcing function. By examining the relative power spectra of the disturbance signal and the operator control input, bode plots of the operator response are constructed to determine gain and phase lag (time delay). Changes in these measures serve as good markers of operator training proficiency and fatigue state. Numerous variations of the tracking task were developed by combining different levels of stability of the tracking element with different amplitudes of the forcing function. In order to make timely adjustments to the tracking task difficulty, it was essential to know the minimum data analysis time epoch that would still produce stable values of gain and phase lag. A study to address that question was completed this past summer. 

An essential requirement for validating the assessment system was the identification of a relevant NASA operational task with an available high-fidelity simulator. The Remote Manipulator System (or RMS robot arm) used on the Shuttle and International Space Station was the system of choice due to the complexity of the task requirements and the availability of an RMS graphics simulator. The Basic Operational Robotics Instructional System (or BORIS) is a six-joint generic manipulator for astronaut training, and runs in the TRICK simulation software environment. The newly developed BORIS software system was successfully placed into operation in our research lab, where it will provide an environment for a cognitive task analysis of RMS operations, enable the development of operator performance metrics, and serve as the operational validation instrument for our dynamic-load cognitive self-assessment tests. 

Following a review of the lesson materials used by JSC to provide Generic Robotics Training, the PI and doctoral research assistant on the project completed a week-long course on robotics and BORIS operation. The experience provided a great appreciation of the perceptual, cognitive, psychomotor, and higher-level attention skills needed for successful RMS operation. This experience will continue to be applied to our task analysis and development of RMS performance metrics. Training materials have been constructed for the training of additional research personnel and study participants. Eight lab personnel have completed the first half of the training course at OU, instructed by the PI and doctoral student, and several research participants will undergo training in the next two months. 

To improve the fidelity of the simulator, hand controller units identical to the units used at JSC are on order from the manufacturer. To continue the research during the long delivery time of five months, an alternative hand controller system has been constructed. 


	● Earth Benefits:
Our current NASA research forms a component of a larger program in cognitive performance assessment at the University of Oklahoma. Successful development of this next generation of dynamic-load assessment tasks will lead to expansion of the methodology to other dimensions. Final implementation in an operational setting will require integration of the task modules into an automated planning, scheduling, and resource allocation system with an intelligent interface to improve astronaut autonomy while maintaining high levels of mission success. 

This research will also lead to improved cognitive performance assessment in military and commercial contexts. Results of the research will be readily usable in readiness-to-perform (RTP) programs in the public sector. Demonstration of the effectiveness of complex, dynamic-load tasks and other strategies for assessing performance changes will translate directly to RTP tests with greater sensitivity and selectivity, especially with the development of multivariate scoring approaches. 
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