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The Psychomotor Vigilance (PVT) Self Test (operational name on ISS is Reaction Self Test) is intended to provide
astronauts with objective feedback on neurobehavioral changes in vigilant attention, psychomotor speed, state stability,
and impulsivity while on International Space Station (ISS) missions, as well as recording their subjective ratings of
workload, sleep timing and quality, tiredness, fatigue, and stress. The PVT Self Test is suited for repeated use in
spaceflight because unlike other cognitive tests, it is very brief (3-5 minutes) while being free of learning effects and
aptitude differences that make interpretation of other cognitive measures difficult.

The ultimate goal of the Reaction Self Test project is to validate the sensitivity of the PVT Self Test on astronauts on ISS
so they can use it to objectively identify when their performance capability is degraded by various fatigue-related
conditions that can occur as a result of ISS operations and time in space. The following are the objectives (specific aims)
of the project:

1) To evaluate the extent to which PVT Self Test performance of astronauts is sensitive to fatigue from sleep loss and
circadian disruption during ISS missions. This will include the following conditions evaluated individually and in
aggregate: 1) extended wake duration above 16 hours; ii) sleep restriction defined as total sleep time >0 and <6 hours per
24-hour period; and iii) circadian perturbation associated with night work and slam shifting.

2) To evaluate the extent to which PVT Self Test performance of astronauts is sensitive to fatigue from work intensity
during ISS missions. This will include the following conditions evaluated individually and in aggregate: i) extend work
durations up to 16 hours per day; ii) more than 6 consecutive work days without a day off for rest; and iii) work requiring
extravehicular activity (EVA).

3) To evaluate the extent to which PVT Self Test performance of astronauts declines with time in mission.

4) To explore the extent to which PVT Self Test performance of astronauts will be sensitive to the carry-over effects of
medications for sleep on ISS.

5) To evaluate the extent to which PVT Self Test performance feedback (via a graphical interface) is perceived by ISS
astronauts as a useful tool for assessing performance capability.

The PI developed the original 10-minute Psychomotor Vigilance Test (PVT), from which the Reaction Self Test was
derived, to measure changes in psychomotor speed, lapses of attention, wake state instability, and impulsivity induced
by fatigue and other performance-degrading factors commonly found in operational environments. Based on research
supported by federal and non-US federal agencies, as well as the pharmaceutical industry, the 10-minute PVT has been
extensively validated in laboratory studies, simulators, and operational environments to be sensitive to a variety of
performance-degrading fatigue-related factors. There are currently 180 published peer-review papers on the sensitivity
of the 10-min. PVT to fatigue-related factors.

The Reaction Self Test is a 3-minute PVT Self Test that contains special timing and algorithm characteristics and that
has been validated against the 10-minute PVT. The 3-minute Reaction Self Test will have utility in a wide array of
safety-sensitive environments on Earth. Potentially any occupation in which alertness and fatigue management are
essential to prevent errors on critical tasks will benefit from adaptations of the PVT SelfTest technology (e.g., certain
military personnel, airport security screeners, physicians on night shifts and prolonged call).

Data acquisition is complete for 24 of the 26 enrolled subjects and data collection is underway for the remaining two
subjects. The target sample size was originally N=24 but has now been extended to N=26 to include the two 12 month
mission subjects. As of March 31, 2015, all 26 astronauts have given informed consent for the project. On the date of the
last data download from ISS (December, 2014), baseline data collection has been completed in N=26 astronauts. N=24
astronauts have completed in-flight data acquisition. N=24 astronauts have completed post-flight data acquisition. 507
Reaction Self Tests were performed pre-flight, 2109 Reaction Self Tests were performed in-flight, and 353 Reaction Self
Tests were performed post-flight. We have de-briefed 24 astronauts post-flight and gained important insights on
astronauts' perception of the Reaction Self Test. Preliminary results were shown to Dr. Mark Shelhamer (NASA) at his
request to supply evidence for the need of longer duration missions on ISS (i.e., 1 year mission) to study the dynamic
behavioral changes of astronauts living and working on ISS. The PI gave permission to Dr. Shelhamer to present
preliminary data at the Aerospace Medicine conference. Additionally, preliminary results were also shown to Dr. Lauren
Leveton (NASA Behavior, Health, and Performance--BHP).

Pulsar Informatics, Inc. has established a quality control process that extracts the data of every PVT SelfTest bout
immediately after it was downloaded to allow plausibility and compliance checks. Momentarily, Pulsar Informatics, Inc.
generates graphs for each individual astronaut containing information on PVT performance, scheduled and self-reported
sleep times, critical mission events, and self-reported measures (like perceived stress levels and workload). These graphs
are used for astronaut debriefs.

We have made several changes to the Reaction SelfTest software based on astronaut feedback during debriefs. We
designed changes to the user interface to ease the burden of data entry, with updates to functionality such as sliding
scales and drop down menus. We also modified the questionnaires in the software to exclude questions that astronauts
felt were extraneous.
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