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Space flight requires unusual sleep-wake and work schedules that disrupt sleep and circadian rhythms 

causing cognitive impairment. It is important to minimize these risks in challenging environments such as 

the International Space Station (ISS). Various studies have shown that ambient light of the appropriate 

intensity and spectrum can be a powerful countermeasure for treating both circadian misalignment and 

excessive sleepiness. These results suggest that light exposure may be a potential countermeasure for 

space flight-related sleepiness and circadian misalignment. We and others have shown that short-

wavelength (blue) light is most effective for phase-resetting the circadian pacemaker and acutely 

enhancing alertness and cognitive performance. Using blue light directly, however, is undesirable as it 

impairs visual function and therefore manipulation of the blue light content within white-appearing light 

is more appropriate operationally. 

A unique opportunity has arisen with the need to replace the current lighting aboard the ISS. 

NASA has proposed a new solid state lighting system with three predetermined settings to address 

different operational needs: 1) white light for general vision; 2) blue-enriched white light to enhance 

circadian adaptation and alertness; 3) blue-depleted white light to minimize the acute alerting effects of 

light prior to sleep. We have developed a Dynamic Lighting Schedule (DLS) using each of these three 

settings across the wake episode in a time-dependent manner to optimize circadian adaptation to shifts in 

work schedules, improve alertness and cognitive performance and enhance sleep, without impairing 

visual performance. Under the current proposal, we will conduct two sets of experiments which, when 

combined with our previous work, will provide multiple complementary data sets that can be used to 

establish the most appropriate wavelength, intensity and timing of light to enhance circadian adaptation, 

alertness and sleep.  

In a series of 8-day randomized clinical trials, we will test the hypotheses that deployment of the 

Dynamic Lighting Schedule in parallel with a gradual 8-hour phase advance shift in sleep-work schedules 

will: i) significantly increase the rate of circadian adaptation, as measured using Dim Light Melatonin 

Onset before and after the shift, ii) significantly improve polysomnographic and subjective measures of 

sleep latency and sleep efficiency and iii) significantly improve cognitive performance, subjective 

alertness and objective EEG correlates of alertness (suppression of EEG-derived delta-theta activity [0.5-

5.5 Hz] and enhancement of EEG-derived high-alpha activity [10.5-12 Hz]) as compared with 

deployment of the Dynamic Lighting Schedule during an abrupt ‘slam’ 8-hour shift of the sleep-wake and 

work schedule. Experiment 1 will assess the effect of continuous exposure to the DLS, whereas 

Experiment 2 will assess the effects of intermittent exposure. Experiment 1 is ongoing and to date 12 

participants have completed the study, 6 per group (gradual- versus 'slam'-shift) and data analyses are 

ongoing. Experiment 2 will begin once preliminary data are available from Experiment 1. These data will 

form the basis of operational lighting recommendations for use of the Solid State Lighting Assemblies 

(SSLA) aboard ISS when deployed in 2015-2016.  
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