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Sleep deprivation (SD) is a situational stressor experienced by most astronauts and many flight controllers. Astronauts
on the International Space Station (ISS) must adapt to circadian misalignment and commonly report sleep issues during
the mission; sleep aids are some of the most used medications in space. These issues will be exacerbated for longer
duration exploration missions. ISS flight controllers must adapt to non-standard schedules and consequent insufficient
sleep when working with international partners. Crew with SD is even more likely for missions with non-standard day
length.

Sleep deprivation degrades performance in several ways. Of particular concern is degradation of tasks that cannot be
automated--specifically requiring higher-level reasoning and particularly for novel situations requiring divergent, or
creative thinking, and situations when the usual solution should not be applied. While research on these tasks is limited,
evidence suggests it is precisely these types of higher-level cognitive tasks that may be seriously impacted by SD. Our
proposed research will quantify SD-associated impairments in human regulatory processes that provide flexibility,
intentional search for relevant information, weighing and integrating information, and assessing merit of response.

Sleep deprivation also may cause users to become complacent and inappropriately rely on automation. Thus it is
important to assess the effects of SD on user trust in automation and what effect proposed countermeasures have on
automation trust. Appropriate level of trust by an operator relies on assessing the relative competence of automation
versus self in carrying out the specific task including indirect factors such as operator workload and demands of other
tasks. Multiple factors therefore influence what appropriate trust would be for a specific context.

Recent research on trust of robotic autonomy identifies a range of contributors to trust, including robot reliability and
performance, robot competency, perceived risk, and user self-assessment of competency. Our proposed research will
extend and contribute to this research by investigating the relationship between trust of robot autonomy and patterns of
reliance on autonomy under stressed conditions due to insufficient sleep.

We propose to quantify the effect of sleep deprivation on multiple tasks involving human-automation-robotic (HAR)
systems. We will develop measures and interventions for sleep deprived users when supervising robots. We will design
and prototype appropriate adaptive technology countermeasures. We will conduct experiments with users performing
supervisory control of simulated robots in space exploration--similar scenarios to quantify sleep-deprivation-related
impairment, trust in automation, and effectiveness of adaptive countermeasure technology.

The result of this project will be guidance and technology prototypes representing effective human-automation-robotic
systems in operational environments where humans and robots perform distributed, concurrent teamwork under
situational stressors like sleep deprivation. These guidelines will be relevant to future human space flight missions that
take astronauts deeper into space and require increased crew independence from Earth (crew autonomy). They enable
greater reliance on robotic and spacecraft automation by improving understanding of the effects of stress from sleep
deprivation on human performance during supervisory control of robots and countermeasures for these effects.

These guidelines address Human Research Program (HRP) Risk of Inadequate Design of Human and
Automation/Robotic Integration, Gap SHFE-HARI-02--"'We need to develop design guidelines for effective
human-automation-robotic systems in operational environments that may include distributed, non-colocated adaptive
mixed-agent teams with variable transmission latencies.'

New project for FY2015.
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