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Task Description:

Optimal levels of objective neurobehavioral performance, subjective alertness, and high-quality restorative sleep are
critically important to astronaut and ground-based crew health and to the overall success of space missions.
Neurobehavioral performance and alertness are affected by changes in circadian rhythms, homeostatic sleep/wake
regulation, sleep inertia, and the interactions of these processes. Problems with sleep, circadian rhythms, and
performance have been widely reported among astronauts and supporting ground crew. Therefore, it is imperative that
work and sleep/wake schedules, including the timing of countermeasures such as light and naps, are designed to
optimize individual performance, alertness, and sleep quality relative to operational requirements. Our approach is to use
mathematical models to describe the underlying physiology of internal circadian timing, alertness, performance, and
sleep to design effective countermeasures. 
We have developed and validated three linked mathematical models: one of the human circadian pacemaker that
includes the influence of light and of non-photic processes; one of performance and alertness that includes the effects
of circadian rhythms, sleep/wake homeostasis, and sleep inertia; and one of the physiology underlying sleep/wake
regulation. Together these models estimate and predict the effects of sleep/wake timing, light exposure, circadian phase,
and some pharmaceuticals on performance and alertness. Performance and alertness measures are modeled
independently to reflect differences in the underlying physiological processes and effects of sleep/wake on each
measure. CPSS, the software that implements this model, has been used by NASA employees and NASA consultants to
design light countermeasures for both astronaut pre-launch schedules and in-flight schedules. 

Our specific aims were to: (1) Replace the current assumption that an individual sleeps the entire time when scheduled to
sleep with probabilities of sleep and wake during scheduled sleep times; (2) Improve daily assessment of sleep and sleep
disruption using actigraphy data; (3) Add statistical features including confidence limits to the predictions; (4) Update
the software per astronaut and ground crew requests for specific features and reports. These projects address NASA's
objectives to improve the design of individual countermeasures to reduce sleep disruption and improve performance and
alertness in space and on Earth. As part of these overall goals, we published a novel scheduling algorithm called Shifter
that automatically designs optimal light countermeasures for user-defined work and sleep schedules. Both experimental
and field studies have shown that light interventions minimize fatigue while improving performance and sleep. This
work required several mathematical and computational advances, including the development of a novel schedule
representation and scheduling algorithm. The utility of this scheduling software extends beyond NASA-related
schedules to include any operational setting that relies on work scheduled outside the typical 9am to 5pm shift, including
night and rotating shift-work, transmeridian travel, and the design of work schedules for medical residents to improve
performance and meet new national guidelines for restricted work hours. 

To individualize model predictions, we are developing a statistical framework based on easily collected trait
information (e.g., age, chronotype) that has been shown to correlate with differences in sleep timing, circadian phase,
and performance and alertness. Although changes in physiology have been correlated with specialized questionnaire
results (e.g., habitual sleep time is highly correlated with circadian phase), our current results suggest that a simple
alteration of the model output using demographic information is not accurate. The work of Dr. Phillips (NSBRI
post-doctoral fellow) has quantified mechanisms that may underlie individual differences in physiologically-determined
sleep timing and self-reported chronotype (e.g., owl or lark ). The use of sleep aids during NASA missions is indicative
of the difficulty with initiating and maintaining sleep that astronauts experience during space flight. To assess the ability
of individuals to conform to scheduled work hours, Dr. Phillips has integrated the circadian and performance model with
a model of the physiological mechanisms that control sleep/wake transitions. This combined model dynamically
predicts whether an individual is awake or asleep across a simulated protocol and also allows for predictions of sleep
efficiency and the likelihood of falling asleep during scheduled wake periods. This physiologically-based model can be
readily extended to incorporate pharmaceutical effects. Using this model, we have now successfully incorporated the
effects of melatonin and caffeine at different times and dosages. 

Actigraphy is an inexpensive and less intrusive alternative to polysomnography and/or sleep/wake diaries to determine
an individual's sleep/wake schedule. Prior iterations of the mathematical model relied on user input to generate
sleep/wake schedules. Based on the work from this project, we can now use actigraphy to determine the actual
sleep/wake schedule of an individual and use this information as input to our mathematical models. We recently
completed a project in collaboration with two NSBRI investigators, Drs. Lockley and Barger. In this project, pattern
recognition algorithms were used to identify the level of performance impairment in an individual based on a single
session of neurobehavioral testing (rather than multiple hours of testing) under both controlled in-patient laboratory
conditions and real world conditions, including during the NASA Phoenix Mars study. We continue to work with NASA
and NSBRI personnel to meet their requests regarding use of the models and software. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

The development of (1) mathematical models of circadian rhythms, sleep, alertness and performance, and (2) software
based on these models to facilitate schedule design, can improve performance and alertness and thereby effectiveness
and public safety for people who work at night, on rotating schedules, on non-24-hr schedules or on extended duty
schedules (e.g., pilots, train and truck drivers, shift workers, health care workers, public safety officers). Attempting to
sleep at adverse circadian phases is difficult, resulting in poor sleep efficiency. Similarly, attempting to work at adverse
circadian phases and/or after a long time awake, results in poor worker performance and productivity, and leads to an
increase in errors. For example, the accidents at the Chernobyl and Three Mile Island nuclear reactors and the Exxon
Valdez grounding were all partially attributed to employees working at adverse circadian phases and the FAA reports of
air traffic controllers sleeping while scheduled to work at night are related to their work schedule. The mathematical
models and the available software that implements these models can be used to simulate and quantitatively evaluate
different work and light exposure schedules to predict the expected circadian phase, subjective alertness and
performance in an individual. Our software has been requested by members of academia, government and industry,
including airline, safety, medical, and military applications. Its use could help produce improved work schedules for
both astronauts and ground-crew. It is currently being used to evaluate potential work schedules for medical residents to
improve performance while complying with new national work hour standards. 
The previous model assumption that an individual sleeps the entire time that is available to them during a scheduled
sleep episode has been improved by the recent incorporation of actigraphy as an input to the mathematical model of the
actual sleep/wake times experienced by the individual. The use of actigraphy as a tool to record sleep has improved
confidence levels on the daily assessment of sleep when compared to the use of sleep logs or diaries and also has
reduced the user requirements for maintaining daily logs. The interface between actigraphy and the software enables
faster and possibly more accurate predictions of circadian phase and performance parameters. The Shifter software now
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faster and possibly more accurate predictions of circadian phase and performance parameters. The Shifter software now
includes optimal countermeasure design, so that countermeasures can be planned for times of predicted poor
performance and alertness. The schedule and countermeasure design program allows users to interactively design
schedules and implement mathematically optimized light countermeasures (including intensity, duration and timing
within the wake episode) to minimize worker fatigue. This scheduling software will be valuable to those who work at
night, on rotating schedules, on non-24-hr schedules, or on extended duty schedules. The software allows individuals to
design countermeasures for their assigned work schedules so that their sleep/ wake rhythms will be adjusted to ensure
optimal performance at desired times, with respect to both scheduled work events and their circadian phase. Improving
sleep duration and quality can also decrease the risk of accidents and errors, as well as decrease the long-term risks of
cardiovascular, metabolic, immune, and psychological pathologies. We continue to work with NASA and NSBRI
personnel to meet their requests regarding use of the models and software. We continue to work with Dr. Dorit
Donoviel, Associate NSBRI Research Director, and Marti Fleming, NSBRI commercialization consultant, to promote
commercialization of the work. The mathematical modeling efforts and software have also been used in educational
programs and in the popular press to teach students and teachers about circadian rhythms and sleep and their effects on
alertness and performance. 

  

Task Progress:

Specific Aim 1 (predicting sleep/wake amounts within a scheduled sleep episode): We have integrated the existing
circadian/performance model with a physiologically-based model of sleep/wake transitions. This integrated model can
predict whether individuals are able to conform to enforced work schedules and includes estimates for the likelihood of
insomnia during scheduled sleep periods or the likelihood that the individual will experience difficulty remaining awake
during working hours. We have validated this integrated model against human data for caffeine and melatonin and we
have related inter-individual differences in sleep timing (e.g., self-reported chronotype) to differences in the underlying
physiology. 
Specific Aim 2 (actigraphy): We have integrated the output from actigraphy software with the input required to run our
Circadian Performance Simulation Software (CPSS). CPSS implements our mathematical model of the human circadian
pacemaker, performance, and alertness, which includes the key processes of circadian rhythms, sleep/wake
homeostasis, and sleep inertia on performance and alertness, as well as the effects of light on circadian rhythms.
Pre-processing tools were developed to generate the sleep/wake schedule and light levels from either raw or processed
actigraphy data. We have tested the ability to use outpatient actigraphy as input to CPSS to predict circadian phase for
individuals under circadian entrained and phase-shift conditions. 

Specific Aim 3 (Statistical modeling of individual circadian, sleep, performance, and alertness parameters): We have
concentrated on statistical modeling of individual parameters of our circadian, performance, and alertness models. By
fitting the model to individual data, rather than group averages, we obtain a set of parameters for the performance and
alertness models that are unique to each individual. We can then use other data collected from the individual, such as
age, sex, habitual sleep time, morningness/eveningness preference, to determine correlations between model parameters
and individual characteristics. 

Specific Aim 4 (Work with NASA and NSBRI personnel to revise features of our current software to meet their
specifications for administratively scheduling sleep, wake, and countermeasure design to minimize fatigue and
performance issues): We have had discussions with NASA and NSBRI personnel to revise features of our current
software to meet their specifications for administratively scheduling sleep, wake, and countermeasure design to
minimize fatigue and performance issues, as well as incorporating the models into other modeling work performed by
NASA. Dr. Barger used the software for NASA supported studies of sleep in ISS and Shuttle crew. We also developed
a novel scheduling algorithm that automatically designs optimal light countermeasures for user-defined schedules The
scheduling framework is applicable to other work schedules including shift-work and transmeridian travel. 
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Societies, Boston, MA, June 9-13, 2012. 
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Abstracts for Journals and
Proceedings 

Phillips AJ, Greenside P, Mistlberger R, Klerman EB. "A two oscillator model of food anticipatory activity." 13th
Biennial Meeting, Society for Research on Biological Rhythms (SRBR), Destin, FL, May 19-23, 2012. 
Program and Abstracts. 13th Biennial Meeting, Society for Research on Biological Rhythms (SRBR), Destin, FL, May
19-23, 2012. Abstract P132, p. 185. 
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Abstracts for Journals and
Proceedings 

Phillips AJ, Klerman EB. "The effects of chronic sleep restriction on sleep and performance in a physiologically based
model of sleep." 26th Annual Meeting of the Associated Professional Sleep Societies, Boston, MA, June 9-13, 2012. 
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Jun-2012   

Abstracts for Journals and
Proceedings 

Phillips AJ, Robinson P, Klerman EB. "Mathematical modeling reveals arousal state feedback as a potential
physiological generator of the ultradian REM/NREM sleep cycle." 13th Biennial Meeting, Society for Research on
Biological Rhythms (SRBR), Destin, FL, May 19-23, 2012. 
Program and Abstracts. 13th Biennial Meeting, Society for Research on Biological Rhythms (SRBR), Destin, FL, May
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Abstracts for Journals and
Proceedings 

Phillips AJK, Chen PY, Robinson PA, Czeisler CA, Klerman EB. "Using Physiologically-based Modeling to Determine
the Mechanisms Underlying Complex Sleep-Wake Dynamics." SIAM Conference on Life Sciences, Pittsburgh PA, July
12-15, 2010. 
SIAM Conference on Life Sciences, Pittsburgh PA, July 12-15, 2010. LS10 abstract publication, p. 176.
http://www.siam.org/meetings/ls10/LS10_abstracts.pdf , Jul-2010   

Abstracts for Journals and
Proceedings 

Phillips AJK, Klerman EB, Bianchi MT. "Noise induced transitions reproduce realistic sleep/wake architecture in a
mathematical model of human sleep." 25th Annual Meeting of the Associated Professional Sleep Societies, LLC 2011,
Minneapolis, MN, June 11-15, 2011. 
Sleep 2011;34 Suppl:A36. http://www.journalsleep.org/Resources/Documents/2011abstractsupplement.pdf , Jun-2011   

Abstracts for Journals and
Proceedings 

Phillips AJK, Robinson PA, Klerman EB. "Ultradian dynamics in a potential formulation of human sleep." SIAM
Conference on Dynamical Systems, Snowbird UT, May 22-26, 2011. 
SIAM Conference on Dynamical Systems, Snowbird UT, May 22-26, 2011. Abstract publication DS11, p. 181. 
http://www.siam.org/meetings/ds11/DS11_abstracts.pdf , May-2011   

Abstracts for Journals and
Proceedings 

Wang W, Klerman EB. "Using the random-effects zero-inflated Poisson model to analyze activity count data." 26th
Annual Meeting of the Associated Professional Sleep Societies, Boston, MA, June 9-13, 2012. 
Sleep. 2012;35 Suppl:A133. http://www.journalsleep.org/Resources/Documents/2012abstractsupplement.pdf , Jun-2012
  

Abstracts for Journals and
Proceedings 

Phillips AJK, Klerman EB. "Physiologically-based modeling of sleep-wake schedules and the effects of
pharmaceuticals." 2010 NASA Human Research Program Investigators’ Workshop, Houston, TX, February 3-5, 2010. 
2010 NASA Human Research Program Investigators’ Workshop, Houston, TX, February 3-5, 2010. 
http://www.dsls.usra.edu/meetings/hrp2010/pdf/Postdocs/1137Phillips.pdf , Feb-2010   

Abstracts for Journals and
Proceedings 

Cain SW, Vlassac I, Gooley JJ, Rahman S, Van Reen E, Rueger M, St Hilaire M, Klerman EB, Czeisler C, Lockley SW.
"Sex differences in seasonal timing of the circadian clock in humans." 13th Biennial Meeting, Society for Research on
Biological Rhythms (SRBR), Destin, FL, May 19-23, 2012. 
Program and Abstracts. 13th Biennial Meeting, Society for Research on Biological Rhythms (SRBR), Destin, FL, May
19-23, 2012. Abstract S66, p. 90. 
http://www.conferences.uiuc.edu/SRBR/FINAL%20SRBR%202012%20Program%20and%20Abstracts.pdf , May-2012
  

Abstracts for Journals and
Proceedings 

Dean DA, Beckett SA, Klerman EB, Landrigan CP. "Simulations of rotation schedules for teams of resident-physicians
can identify potential areas of low performance and guide residency schedule design." 25th Annual Meeting of the
Associated Professional Sleep Societies, LLC 2011, Minneapolis, MN, June 11-15, 2011. 
Sleep 2011;34 Suppl:A342-3. http://www.journalsleep.org/Resources/Documents/2011abstractsupplement.pdf ,
Jun-2011   

Abstracts for Journals and
Proceedings 

Dean DA, St Hilaire MA, Phillips AJK, Sriram K, Wang W, Klerman EB. "Designing individual countermeasures to
reduce sleep disruption and improve performance and alertness in space." NASA Ames/Moffett Field/05-201, May
2011. 
NASA Ames/Moffett Field/05-201 abstract publication. May 2011. , May-2011   

Abstracts for Journals and
Proceedings 

Dean DA, Nguyen DP, Adler GK, Klerman EB, Brown EN. "Extracting Quantitative and Qualitative Features from
Frequently Sampled Cortisol Time Series with Hierarchically Adaptive Hormone Analysis." 10th Annual New England
Science Symposium, Boston, MA, April 1, 2011. 
10th Annual New England Science Symposium, Boston, MA, April 1, 2011. , Apr-2011   

Abstracts for Journals and
Proceedings 

Dean DA, Nguyen DP, Schmid CH, Adler GK, Klerman EB, Brown EN. "A Sequential Dynamical System
Representation of the Hypothalamic-Pituitary-Adrenal (HPA) Axis." Conference for African American Researchers in
the Mathematical Sciences, Baltimore, MD, June 15-18, 2010. 
Conference for African American Researchers in the Mathematical Sciences, Baltimore, MD, June 15-18, 2010. ,
Jun-2010   

Abstracts for Journals and
Proceedings 

Dean DA. "From Mathematical Models to Hypothesis Generation: Examples from Experiment and Schedule Design."
2010 Sleep Research Network Annual Conference, Arlington, VA, October 13, 2010. 
2010 Sleep Research Network Annual Conference, Arlington, VA, October 13, 2010. , Oct-2010   

Abstracts for Journals and
Proceedings 

Dean DA. "Mathematics You Won't Sleep On." NAM Granville-Brown-Haynes Session of Presentations by Recent
Doctoral Recipients in the Mathematical Sciences. 2012 Joint Mathematics Meetings, Boston, MA, January 4-7, 2012. 
NAM Granville-Brown-Haynes Session of Presentations by Recent Doctoral Recipients in the Mathematical Sciences.
2012 Joint Mathematics Meetings, Boston, MA, January 4-7, 2012. 
http://jointmathematicsmeetings.org/amsmtgs/2138_abstracts/1077-92-2576.pdf , Jan-2012   

Abstracts for Journals and
Proceedings 

Dean DA. "Sleep in Action: My Computational Methods Unravel Dynamic Effects." Conference for African American
Researchers in the Mathematical Sciences, Princeton, NJ, June 27-30, 2012. 
Conference for African American Researchers in the Mathematical Sciences, Princeton, NJ, June 27-30, 2012. ,
Jun-2012   

Abstracts for Journals and
Proceedings 

Klerman EB, Dijk DJ. "Assessment of the ability to recover sleep after sleep deprivation in a sleep satiation protocol"
26th Annual Meeting of the Associated Professional Sleep Societies, Boston, MA, June 9-13, 2012. 
Sleep. 2012;35 Suppl:A60. http://www.journalsleep.org/Resources/Documents/2012abstractsupplement.pdf , Jun-2012   

Abstracts for Journals and
Proceedings 

Srinivasan P, Dean DA, Silva EJ, Wang W, Beckett SA, Duffy JF, Klerman EB. "Comparison of Ambulatory
Actigraphy and Sleep/wake Diary Input to a Circadian-Light Model For Predicting Circadian Phase." 25th Annual
Meeting of the Associated Professional Sleep Societies, LLC 2011, Minneapolis, MN, June 11-15, 2011. 
Sleep 2011;34 Suppl:A330. http://www.journalsleep.org/Resources/Documents/2011abstractsupplement.pdf , Jun-2011
  

Srinivasan P, Dean DA, Horowitz T, Klerman EB. "Actigraphy as input to a circadian light model predicts relative
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Abstracts for Journals and
Proceedings 

Srinivasan P, Dean DA, Horowitz T, Klerman EB. "Actigraphy as input to a circadian light model predicts relative
impact of bright light and sleep schedule on circadian phase during a simulated shift-work protocol." 25th Annual
Meeting of the Associated Professional Sleep Societies, LLC 2011, Minneapolis, MN, June 11-15, 2011. 
Sleep 2011;34 Suppl:A330. http://www.journalsleep.org/Resources/Documents/2011abstractsupplement.pdf , Jun-2011
  

Abstracts for Journals and
Proceedings 

Sazuka N, Wang W, Wyatt JK, Czeisler CA, Klerman EB. "Differential effects of two alertness promoting agents on
sleep quantified using transition analysis." 13th Biennial Meeting, Society for Research on Biological Rhythms (SRBR),
Destin, FL, May 19-23, 2012. 
Program and Abstracts. 13th Biennial Meeting, Society for Research on Biological Rhythms (SRBR), Destin, FL, May
19-23, 2012. Abstract P135, p. 187. 
http://www.conferences.uiuc.edu/SRBR/FINAL%20SRBR%202012%20Program%20and%20Abstracts.pdf , May-2012
  

Abstracts for Journals and
Proceedings 

Sazuka N, Wang W, Wyatt JK, Gronfier C, Klerman EB. "Sleep state continuity varies by time in sleep episode." 21st
Congress of the European Sleep Research Society, Paris, France, September 4-8, 2012. 
21st Congress of the European Sleep Research Society, Paris, France, September 4-8, 2012. Program and abstracts, p.
604. , Sep-2012   

Abstracts for Journals and
Proceedings 

St Hilaire MA, Kim H, Klerman EB. "Incorporating the Dose-Dependent Direct Alerting Effect of Light into a
Mathematical Model of Sleep, Circadian Rhythms, Performance and Alertness." 26th Annual Meeting of the Associated
Professional Sleep Societies, Boston, MA, June 9-13, 2012. 
Sleep. 2012;35 Suppl:A64. http://www.journalsleep.org/Resources/Documents/2012abstractsupplement.pdf , Jun-2012   

Abstracts for Journals and
Proceedings 

St Hilaire MA, Klerman EB. "Age-related Differences in the Effect of Inter-stimulus Interval and Time on Task on PVT
Response Times." 26th Annual Meeting of the Associated Professional Sleep Societies, Boston, MA, June 9-13, 2012. 
Sleep. 2012;35 Suppl:A18. http://www.journalsleep.org/Resources/Documents/2012abstractsupplement.pdf , Jun-2012   

Abstracts for Journals and
Proceedings 

St Hilaire MA, Rahman SA, Kronauer RE, Lockley SW, Klerman EB. "What short duration light pulses can tell us
about human circadian photoreception: results from modeling and experiments." 23rd Annual Meeting Society of Light
Treatment and Biological Rhythms, Montreal, Quebec, Canada, July 10-13, 2011. 
23rd Annual Meeting Society of Light Treatment and Biological Rhythms, Montreal, Quebec, Canada, July 10-13,
2011. Program and Abstracts, vol. 23, p. 67. , Jul-2011   

Articles in Peer-reviewed Journals 

Bermudez EB, Klerman EB, Czeisler CA, Cohen DA, Wyatt JK, Phillips AJ. "Prediction of vigilant attention and
cognitive performance using self-reported alertness, circadian phase, hours since awakening, and accumulated sleep
loss." PLoS One. 2016 Mar 28;11(3):e0151770. eCollection 2016. http://dx.doi.org/10.1371/journal.pone.0151770 ;
PubMed PMID: 27019198; PubMed Central PMCID: PMC4809494 , Mar-2016   

Articles in Peer-reviewed Journals 

Faghih RT, Dahleh MA, Adler GK, Klerman EB, Brown EN. "Quantifying pituitary-adrenal dynamics and
deconvolution of concurrent cortisol and adrenocorticotropic hormone data by compressed sensing." IEEE Trans
Biomed Eng. 2015 Oct;62(10):2379-88. Epub 2015 Apr 29. http://dx.doi.org/10.1109/TBME.2015.2427745 ; PubMed 
PMID: 25935025; PubMed Central PMCID: PMC4579049 , Oct-2015   

Articles in Peer-reviewed Journals 

Dean DA 2nd, Adler GK, Nguyen DP, Klerman EB. "Biological time series analysis using a context free language:
applicability to pulsatile hormone data." PLoS One. 2014 Sep 3;9(9):e104087. eCollection 2014. 
http://dx.doi.org/10.1371/journal.pone.0104087 ; PubMed PMID: 25184442; PubMed Central PMCID: PMC4153563 ,
Sep-2014   

Articles in Peer-reviewed Journals Bianchi MT, Wang W, Klerman EB. "Sleep misperception in healthy adults: implications for insomnia diagnosis." J Clin
Sleep Med. 2012 Oct 15;8(5):547-54. http://dx.doi.org/10.5664/jcsm.2154 ; PubMed PMID: 23066367 , Oct-2012   

Articles in Peer-reviewed Journals 
Klerman EB, Wang W, Duffy JF, Dijk DJ, Czeisler CA, Kronauer RE. "Survival analysis indicates that age-related
decline in sleep continuity occurs exclusively during NREM sleep." Neurobiol Aging. 2013 Jan;34(1):309-18. Epub
2012 Jun 23. http://dx.doi.org/10.1016/j.neurobiolaging.2012.05.018 ; PubMed PMID: 22727943 , Jan-2013   

Articles in Peer-reviewed Journals 

Klerman H, St Hilaire MA, Kronauer RE, Gooley JJ, Gronfier C, Hull JT, Lockley SW, Santhi N, Wang W, Klerman
EB. "Analysis method and experimental conditions affect computed circadian phase from melatonin data." PLoS One.
2012;7(4):e33836. Epub 2012 Apr 12. http://dx.doi.org/10.1371/journal.pone.0033836 ; PubMed PMID: 22511928 ,
Apr-2012   

Articles in Peer-reviewed Journals 
Phillips AJK, Czeisler CA, Klerman EB. "Revisiting spontaneous internal desynchrony using a quantitative model of
sleep physiology." J Biol Rhythms. 2011 Oct;26(5):441-53. http://dx.doi.org/10.1177/0748730411414163 ; PubMed 
PMID: 21921298 , Oct-2011   

Articles in Peer-reviewed Journals 

St. Hilaire MA, Sullivan JP, Anderson C, Cohen DA, Barger LK, Lockley SW, Klerman EB. "Classifying performance
impairment in response to sleep loss using pattern recognition algorithms on single session testing." Accid Anal Prev.
2013 Jan;50:992-1002. Epub 2012 Sep 5. http://dx.doi.org/10.1016/j.aap.2012.08.003 ; PubMed PMID: 22959616 ,
Jan-2013   

Awards Dean DA. "Carl Storm Underrepresented Minority Fellowship, Gordon Research Conference, January 2010." Jan-2010   

Awards Dean DA. "Gordon Research Conference in Pineal Cell Biology Trainee Travel Award, January 2010." Jan-2010   

Awards Dean DA. "Ruth and William Silen, M.D. Award, third place in oral presentation category, New England Science
Symposium, Boston, MA, January 2011." Jan-2011   

Awards Dean DA. "Sleep Research Network Minority Trainee Travel Award, October 2010, for paper 'From Mathematical
Models to Hypothesis Generation: Examples from Experiment and Schedule Design'. " Oct-2010   

Awards Dean DA. "Travel Sponsorship, Conference of African American Researchers in the Mathematical Sciences, January
2010." Jan-2010   
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Awards Dean DA. "Travel Sponsorship, Mathematical Neuroendocrinology Workshop sponsored by the Mathematical
Biosciences Institute, January 2010." Jan-2010   

Awards Phillips AJK. "Abstract Honorable Mention Award, Sleep Research Society, June 2012." Jun-2012   

Awards Phillips AJK. "Research Merit Award, Society for Research in Biological Rhythms, May 2012." May-2012   

Awards Phillips AJK. "Richard E Kronauer Award for Excellence in Biomathematical Modeling, May 2010." May-2010   

Awards Redline SA, Dean DA. "National Institute of Health Research Supplement to Promote Diversity in Health-Related
Research for Individuals in Postdoctoral Training (3R01HL098433-02S1), January 2012." Jan-2012   

Awards St Hilaire M. "2011 Sleep Research Society Abstract Excellence award, June 2011." Jun-2011   

Awards St Hilaire M. "2012 Sleep Research Society Honorable Mention Abstract award, June 2012." Jun-2012   

Awards St Hilaire M. "Honorable Mention, 2011 Ford Foundation Dissertation Fellowship, April 2011." Apr-2011   

Awards St Hilaire M. "Scientific Merit Trainee Travel Award, Sleep Research Society, May 2011." May-2011   

Awards Dean DA. "National Institute of Health Ruth L. Kirschstein National Research Service Award (NRSA) Predoctoral
Fellowship Award to Promote Diversity in Health Related Research (NIH-F31), Boston, MA, January 2011." Jan-2011   

Dissertations and Theses 
Dean DA. "Integrating Formal Language Theory with Mathematical Modeling to Solve Computational Issues in Sleep
and Circadian Applications." University of Massachusetts, Intercampus Biomedical Engineering and Biotechnology
Program, June 2011. , Jun-2011   

Papers from Meeting Proceedings 

Beckett SA, Dean DA, Klerman EB, Landrigan CP. "Performance simulations of current and proposed schedules
highlight the need for reform." 20th International Symposium on Shiftwork and Working Time: Biological mechanisms
and risk management in the 24h society, Stockholm, Sweden, June 28-July 1, 2011. 
20th International Symposium on Shiftwork and Working Time: Biological mechanisms and risk management in the
24h society, Stockholm, Sweden, June 28-July 1, 2011. , Jun-2011   
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