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Risk of Performance Errors Due to Fatigue Resulting from Sleep Loss, Circadian Desynchronization, Extended Wakefulness, and Work Overload

HRP Integrated Research Plan (IRP) - Revision D
Behavioral Health & Performance (BHP)

&

Task Name

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 | 2020 2021 | 2022 | 2023 2024 | 2025 |

\2|3|4|1 \2|3\4|1|2|3|4|1|2\3\4|1 \2\3\4|1 \2|3\4|1 \2|3\4|1 \2\3|4|1 |2\3|4|1 |2\3|4|1 \2\3\4|1 |2|3|4l1|2|3|4l1|2|3|4|1 |2|3|4|1 |2|3|4l1|2|3|4l

ISS and other vehicles

Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue Resulting from
Sleep Loss, Circadian Desynchronization, Extended
Wakefulness, and Work Overload

Sleep1: What are the most effective tools to detect and
assess performance decrements due to fatigue resulting
from sleep loss, circadian desynchronization, extended

wakefulness, and work overload?

Cognitive Assessment Tool (CAT) (SBIR-Phase IlI) - NTI

Android App Incorporating the PVT to deliver individualized
Fatigue Risk Management in Commercial Trucking (NSBRI —
NRA - Mollicone)

Psychomotor Vigilance Test (PVT) Transition to Operations
(Directed-Dinges)

Psychomotor Vigilance Test (PVT) on ISS (Directed — Dinges)

Individualized Real-Time Neurocognitive Assessment
Toolkit for Space Flight Fatigue (NSBRI-NRA-Basner) -
Task Findings Shared with BMed4

Validation of Assessment Tests and Countermeasures for
Detecting and Mitigating Changes in Cognitive Function
During Robotics Operations (NSBRI) Oman

. . . \ \ \ . \‘_.-
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Aa: 6Crew Capablllty, Ab Shuttle; Ret|red Ac EFT1; Ad MPCV CDR; Ae EM1; Af‘ EM2; Ag, End of US Commm'hent to ISS
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é Risk of Performance Errors Due to Fatigue Resulting from Sleep Loss, Circadian Desynchronization, Extended Wakefulness, and Work Overload

HRP Integrated Research Plan (IRP) - Revision D
Behavioral Health & Performance (BHP)

Task Name

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

\2|3\4|1 \2|3|4|1|2\3|4|1|2|3|4|1|2\3|4|1|2\3|4|1|2|3|4|1 |2\3|4|1|2\3|4|1 |2|3|4|1 |2|3\4|1 |2|3|4|1 |2|3|4|1 |2|3\4|1 \2|3\4|1|2|3\4|1 \2|3\4|

ISS and other vehicles

Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue Resulting
from Sleep Loss, Circadian Desynchronization,
Extended Wakefulness, and Work Overload

Sleep2: How is performance in space flight affected
by fatigue due to sleep loss, circadian
desynchronization, extended wakefulness and work
overload?

Cognitive Performance/Stress in Simulated Space Env.
(Directed - Dinges)

Assess PVT Data: Ground / Flight (Directed - Dinges)

Characterize Sleep Structure on ISS (Unfunded)

1\‘_/1 1 | | 1 1 \H

a b : e dy : : e : f; g

Aa:6 Crew Capability; A b: Shuttle Retired; Ac: EFT1; Ad: MPCV CDR; Ae: EM1; Af: EM2; Ag: End of US Commitment:to ISS

ISS as Mars analog

]/}: Report
1 |
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1 No— Stop

Planned/unfunded: F

A Charaét Report
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HRP Integrated Research Plan (IRP) - Revision D
Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue Resulting from Sleep Loss, Circadian Desynchronization, Extended Wakefulness, and Work Overload

Task Name

2009 | 2010 2011 2012 2013 | 2014 | 2015 | 2016 | 2017 2018 | 2019 | 2020 2021 2022 | 2023 2024 | 2025

1|2|3\4|1 |2\3|4|1 |2|3\4|1 \2|3|4|1 \2|3\4|1 |2|3|4|1 |2|3\4|1 |2|3|4|1 \2|3\4|1 |2|3|4|1 \2|3\4|1 |2|3|4|1 \2\3|4|1 |2|3|4|1 \2|3|4|1 |2|3\4|1 [2]3]4

ISS and other vehicles

Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue Resulting from

Sleep Loss, Circadian Desynchronization, Extended
Wakefulness, and Work Overload

Sleep3: Does sleep loss continue on long duration
spaceflight or is there adaptation? Does circadian
desynchronization, extended wakefulness and work
overload continue on long duration missions or is there
adaptation?

Sleep-Wake Actigraphy and Light Exposure During
Spaceflight (NRA - Czeisler/Barger)

Transition Actiwatch Protocol to Medical Practices (TMP)
-TBD

Techwatch for Sleep Monitoring Technologies for Long
Duration Spaceflight (performed per ExMC Technology
Watch process)

Characterize Workload on ISS (Unfunded)

Decision Point: Tools for Measuring Sleep Structure and
Duration in Space (BHP - In-House)

a by : eody : : e : f. g

Aa:6 Crew Capability; Ab: Shuttle Retired; Ac: EFT1; Ad: MPCV CDR; Ae: EM1; Af: EM2; Ag:End of US Commitment to 1SS

ISS as Mars analog

F: AW on IS$

FZZZ777Z72 A\ Final Report

ﬁ ? . Additional Investlgatlon Requlred'>
No — Stop .
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Behavioral Health & Performance (BHP)

HRP Integrated Research Plan (IRP) - Revision D
" 4 Risk of Performance Errors Due to Fatigue Resulting from Sleep Loss, Circadian Desynchronization, Extended Wakefulness, and Work Overload

Task Name 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

\2|3\4|1 \2|3|4|1|2\3|4|1|2|3|4|1|2\3|4|1|2\3|4|1|2|3|4|1 |2\3|4|1|2\3|4|1 |2|3|4|1 |2|3\4|1 |2|3|4|1 |2|3|4|1 |2|3\4|1 \2|3\4|1|2|3\4|1 \2|3\4|

ISS and other vehicles ! N, ! ! ! DA : : \4

a b : e dy : : e : f; g

Aa:'6 Crew Capability; A b: Shuttle Retired; Ac: EFT1; Ad: MPCV CDR; Ae: EM1; Af: EM2; Ag: End of US Commitment:to ISS

ISS as Mars analog

Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue Resulting
from Sleep Loss, Circadian Desynchronization,
Extended Wakefulness, and Work Overload

Sleep4: How can individual astronauts’ vulnerabilities
to sleep loss and circadian rhythm disruption best be
determined?

Evidence Review on Biomarkers of Individual Final Repor‘c !
Vulnerabilities to Sleep Loss and Circadian (ﬁ Additional |nvestlgatlon Reqwred";
Desynchronization (SOW) (Lockley) ‘ No — Stop ‘ ‘

Assess Relevant Investigations / Potential Planned/unfunded: G
Collaborations Across Other Agencies (Unfunded) : 1 ! 1 (A Report on Potentlal Collaboratlons

Markers of Susceptibility to Neurobehavioral ' ! : : : : 1
Decrements in Space Flight (NSBRI - NRA - . 1 1 1 1 1 1@
Dinges) - Task Findings Shared with BMed5 1

Biomarkers to Assess Individual Vulnerabilities and : ! ! ! ! ! ] Planned/unfunded: G: In-House Summary Report !
Resiliences to Sleep Loss and Circadian : 1 | 1 1 ! ! 3 : : : A Additional lnvestlgatlon Reqwred”
Desynchronization (Unfunded) : ; ; ; ; ; : : : ; ; . No— Stop w :
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Risk of Performance Errors Due to Fatigue Resulting from Sleep Loss, Circadian Desynchronization, Extended Wakefulness, and Work Overload

HRP Integrated Research Plan (IRP) - Revision D
Behavioral Health & Performance (BHP)

&

Task Name

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

1\2|3|4|1|2|3|4|1|2\3|4|1|2|3|4|1|2\3|4|1|2|3|4|1\2|3\4|1|2\3|4|1|2|3\4|1\2|3|4|1|2|3|4|1|2|3\4|1|2|3|4|1|2|3|4|1|2|3\4l1\2|3|4|1|2\3|4l

ISS and other vehicles

Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue Resulting

from Sleep Loss, Circadian Desynchronization,
Extended Wakefulness, and Work Overload

Sleep5: How can light be used to prevent and
mitigate health, performance, and safety problems
due to circadian, neuroendocrine, and
neurobehavioral disruption, for flight, surface and
ground crews?

Evidence Review: Long Term Safety effects of low
spectrum light exposure (Tosini)

Operational Evaluation of a Photic Countermeasure to
Improve Alertness, Performance, and Mood During
Night Shift Work on the 105 Day Study (105 Russian
Chamber Study)- (NSBRI/Czeisler)

Evaluation of Photic Countermeasures for Circadian
Entrainment of Neurobehavioral Performance and
Sleep/Wake Regulation before and During Spaceflight
(Blue versus White Light) - (NSBRI - Czeisler)

Optimizing Light for Long Duration Space Exploration
(NSBRI - Brainard)

Blue Light for Enhancing Alertness in Space Missions
(Directed & NSBRI - Brainard)

Characteristics of Light Exposure Necessary for
Development of Optimal Countermeasures to Facilitate
Circadian Adaptation and Enhance Alertness and
Cognitive Performance In Space (NSBRI - Lockley)

W, A A A
T Z=

al . bl 1 c d . 1 1 !e 1 fi g .

Aa: 6 Crew Capabmty, Ab Shuttle Retlred Ac EFT1 Ad“ MPCV CDR Ae: EM1 Af: EM2, Ag: End of US Commltment td 1SS

ISS as Mars analog

< e
d s
G | |
d Final Report
NSBRI: G ;
: Report:
' NSBRI: G Report w !
. A Addmonal Invesﬂgaﬂon Requwed’?
No — Stop
NSBRI: G ! ;
. A Final Report
NSBRI: G | .
1 A\ Report
NSBRI: G

A\ Light CM Timing & Intensity Report
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HRP Integrated Research Plan (IRP) - Revision D
Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue Resulting from Sleep Loss, Circadian Desynchronization Extended Wakefulness, and Work Overload

e

Task Name

2023 2024 2025

ISS and other vehicles

Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue Resulting
from Sleep Loss, Circadian Desynchronization,
Extended Wakefulness, and Work Overload

Sleep5: How can light be used to prevent and mitigate
health, performance, and safety problems due to
circadian, neuroendocrine, and neurobehavioral
disruption, for flight, surface and ground crews?

Feasibility Pilot Study on Acute Biological and
Behavioral Responses to the Solid State Lighting
Modules for the International Space Station (Brainard)

SSLM Flight Study (NRA/TBD)
Lighting Workshop
Integrate Lighting Studies (BHP - In-House)

The ISS Dynamic Lighting Schedule: An in-flight
lighting countermeasure to facilitate circadian
adaptation, improve sleep and enhance alertness and
performance on the International Space Station (NSBRI
- Lockley)

Ultra-Short Light Pulses as Efficient Countermeasures
for Circadian Misalignment and Objective Performance
and Subjective Alertness Decrements (NSBRI -
Klerman)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
\2|3\4|1\2|3|4|1|2\3|4|1|2|3|4|1|2\3|4|1|2\3|4|1|2|3|4|1|2\3|4|1|2\3|4|1|2|3|4|1|2|3\4|1|2|3|4|1|2|3|4|1|2|3\4|1\2|3\4|1|2|3\4|1\2|3\4|
A Ao \PJ

a : b : ¢ do e f: g

Aa:'6 Crew Capability; A b: Shuttle Retired; Ac: EFT1; Ad: MPCV CDR; Ae: EM1; Af: EM2; Ag: End of US Commitment:to 1SS

ISS as Mars analog

. G i . |
&—ﬁA Final Report

FP

.

Flight Study Report

;

G: Wo‘rkshop

d Intenm Report

NSBRI G
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Summary report

Report on result;

NSBRI: G

Report on result:

]
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HRP Integrated Research Plan (IRP) - Revision D
Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue Resulting from Sleep Loss, Circadian Desynchronization, Extended Wakefulness, and Work Overload

S

Task Name

ISS and other vehicles

Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue Resulting
from Sleep Loss, Circadian Desynchronization,
Extended Wakefulness, and Work Overload

Sleep6: How can individual crew members most
effectively and safely use sleep and alertness
medications prior to and during spaceflight?

Develop and Implement Operational Ground Testing
Protocols to Individualize Astronaut Sleep Medication
Efficacy and Individual Effects (Directed/Med Ops
-Johnston)

Operational Ground Testing Protocols to Individualize
Astronaut Sleep Medication Efficacy and Individual
Effects Phase Il Study (Directed/Med Ops -Johnston)

Pharmacology Database - Task Findings Shared
with HHC-M Pharm 01 and BMed6

Sleep7: Does sleep loss, circadian desynchronization,
work overload and extended wakefulness as it is
experienced on long duration missions, affect
well-being, crew interaction and performance?

The Role of Sleep and Circadian Phase on Crew Safety,
Performance and Psychological Health during Long-term
Analog Space Missions (Roses Study -Directed/Lockley)

ISS as Mars analog

2009 \ 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 | 2025
1|2|3|4|1|2|3|4|1|2\3\4|1|2|3|4|1\2|3|4|1\2|3|4|1|2\3\4|1|2|3|4|1|2|3|4|1\2|3|4|1|2|3|4|1|2|3|4|1|2|3|4|1\2|3|4|1|2|3|4|1|2|3|4|1|2|3|4|
A /\ \PJ

a Lb ¢ d . : e f: g

Aa: 6 Crew Capability; ‘Ab: Shuttle Retired; Ac: EFT1; Ad: MPCV CDR; Ae: EM1; Af: EM2; Ag: End of US Commitment to ISS:

G

(ﬁ Summary Report

Addmonal Investlgatlon Requnred’?
ﬁ 7 Protocol

G . No — Stop

G: Antarctica Charact Report.
L‘ , . ]- . Additional Investlgatlon ReqU|red’7

No — Stop
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HRP Integrated Research Plan (IRP) - Revision D
Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue Resulting from Sleep Loss, Circadian Desynchronization, Extended Wakefulness, and Work Overload

Task Name

2021

2022

2023 | 2024 | 2025

ISS and other vehicles

Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue
Resulting from Sleep Loss, Circadian
Desynchronization, Extended Wakefulness, and
Work Overload

Sleep8: How can predictions of the effects of chronic
work-rest schedules on performance be used to
prevent work overload and mitigate risk?

Designing Individual Countermeasures to Reduce
Sleep Disruption and Improve Performance and
Alertness in Space (NSBRI - Klerman)

Physiologically-Based Modeling of Sleep-Wake
Scheduling and the Effects of Pharmaceuticals
(NSBRI -Phillips)

Countermeasures for Performance Deficits from Sleep
Loss and Workload in Space Flight (NSBRI -Dinges)

Individualized Fatigue Meter for Space Exploration
(SBIR - Pulsar) Phase |

Individualized Fatigue Meter for Space Exploration
(SBIR - Pulsar) Phase Il

ISS as Mars analog

NSBR@: G Del|ver Schedullng Software

) > Addltlonai Investlgatlon ReqU|red’7

No — Stop

NSBRI: G !

C : - - ;@ Repoﬁ
| | ! 2 |

NSBRI: G

]A Charact Report

Final Report | . .
G A\ Additional Investlgatlon Requlred’) 1
No — Stop ' '

i ' G . Infusion Decision
| (:Jﬁ

15: Delivery of Prototype or technology
5 | . . .

Aa: 6 Crew Capability; Ab: Shuttle Retired; Ac: EFT1; Ad: MPCV CDR;' Ae: EM1; Af: EM2; Ag: End of US Commitment to 1SS

2010 [ 2011 [ 2012 [ 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
1|2\3|4|1|2\3|4|1|2|3|4|1|2\3|4|1|2|3|4|1|2|3|4|1|2|3|4|1\2|3|4|1|2|3|4l1\2|3\4|1|2|3|4|1|2|3\4|1\2|3\4l1|2\3|4|1|2\3|4|1|2|3|4|1|2\3|4|1
! ) \
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é Risk of Performance Errors Due to Fatigue Resulting from Sleep Loss, Circadian Desynchronization, Extended Wakefulness and Work Overload

HRP Integrated Research Plan (IRP) - Revision D
Behavioral Health & Performance (BHP)

Task Name

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

1|2\3|4|1|2\3|4|1 |2|3|4|1 |2\3|4|1 |2|3|4|1 |2|3|4|1 |2|3|4l1 \2|3|4|1 |2|3|4l1 \2|3\4l1|2|3|4l1|2|3\4|1 \2|3\4|1|2\3|4|1|2\3|4|1|2|3|4|1|2\3|4|1

ISS and other vehicles

Behavioral Health & Performance (BHP)

Risk of Performance Errors Due to Fatigue
Resulting from Sleep Loss, Circadian
Desynchronization, Extended Wakefulness, and
Work Overload

Sleep9: What are the countermeasures needed to
treat/recover from chronic partial sleep loss, work
overload, and/or slam sleep shifting?

Sleep Dose Recovery (Dinges)

Assess Findings from other Agencies (In-house)

N S Sy S S

a b : e d : : e . f; g

Aa: 6 Crew Capability; Ab: Shuttle Retired; Ac: EFT1; Ad: MPCV CDR;' Ae: EM1; Af: EM2; Ag: End of US Commitment to 1SS

ISS as Mars analog

@ Deliver to NASA Ops

1 |

Planned/unfunded G
) " Additional Investlgatlon Requnred’?

| No — Stop
Sleep10: What flight rules and requirements improve }
sleep, circadian desynchronization, fatigue and work }
overload, to reduce performance errors? 1
Survey of on-Orbit Sleep Quality (Sleep Quality G
Questionnaire SQQ - Shuttle) (Directed - Locke) AR SS S
. Report
Mars Phoenix Scout Lander CM (Directed - Barger) G ! Final Reporl '
e A Additional Investlgatlon Requnred'? :
. No — Stop .
A Comprehensive Fatigue Management Program and NI CM to thht Controlers ‘ :
an Evaluation of A Photic Countermeasure for Mission [ ‘ )  Additional Investigation Req“'fed"
Controllers (Directed-Czeisler/Barger) 111: Deliver to Ms ( 11 No — Stop
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