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Today’s News

washingtonpost.com > Columns

Time to Boldly Go Once More

By Buzz Aldrin
Thursday, July 16, 2009

Much has been said recently about the Vision for Space Exploration and the
future of the international space station. As we all reflect upon our historic lunar
journey and the future of the space program, | challenge America's leaders to
think boldly and look beyond the moon. Yes, my vision of "Mars for America"
requires bold thinking. But as my friend and Gemini crewmate Jim Lovell has
noted, our Apollo days were a time when we did bold things in space to achieve
leadership. It is time we were bold again in space.
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http://www.washingtonpost.com/
http://www.washingtonpost.com/wp-dyn/content/opinion/columns/index.html

Précis

* Extended stays by human groups in
extraterrestrial vehicles and habitats will
be common in this century.

* Ensuring participants’ behavioral health
requires consideration of innovative
approaches to microsociety management.
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Safe Passage: Astronaut Care for Exploration-Missions (2001)

http://books.nap.edu/html/safe passage/reportbrief.pdf
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Life in Space Will Not Be Easy
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BEHAVIORAL HEALTH REQUIREMENTS—BRADY

Fig. 4. Chimpanzee training device for animal pretest flights of
Project Mercury. Personal collection of the author.

Red light
(continuous avoidance)
o W haadile.

http://Isda.jsc

.nasa.gov/scripts/photoGallery/detail result.cfm?image id=1804
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RG 0430u

Form 24 for 06/06/09

Crew Rest € 1 4
wReL oo Behavioral Program
06:00-06:10 EDF'E_FSE'LFE' Moming inspection
06:00-06:05 |FE-5 SLEEP - data logging FE5
06:00-06:05 |FE-4 SLEEP - data logging FE4
06:05-06:35 |FE-4,FE-5 Post-sleep 15:30-16:30 |CDR Orlan water tank refill
06:10-06-40 (23DR,FE—1,FE— Post-sleep 15:30-15:35 [FE-6 Mutrition — installing urine sample into MELFI
16:00-17:15 |FE-2 FE ARED
06:10-06:20 |FE-3 MQ-8. Test config 16:30-16:45 |FE-1 Post EVA PMC (S-band)
06:20-06:35 |FE-3 Body mass measurement 16.30-17.00 |CDR EVA photos downlink
06535—06550 FE-4 Body mass measurement 1645-17.00 FFE-1 Food questionnaire
ggig:g_s{ig E: E::‘:ifl"’:e‘p 17:00-18:00 |CDR FE ARED
. . CORFEIFE 17:00-18:00 FE-1 FE CEVIS
06:40-07:30 5 ’ Breakfast 17:20-18:20 |FE-3 FE 3CNAHOEP -1
06-50-07-30 |FE-4 Breakfast 17:40-19:30 |FE-2 3 min long video of science experiment
06:50-07:05 |FE-5 Body mass measurement 17:40-17:55 |FE-4 PFC (S+Ku-band)
07-05-07:15 |FE-3 MO-6. Concluding steps 18:00-19:30 FE-1 FE ARED
07:05-07:30 |FE-5 Breakfast 18:20-18:50 |FE-3 Hygiene
07-15-08-05 |FE-3 Breakfast 18:40-19:00 |FE-5 Nutrition — urine sample collection
07:30-07:50 |FE-4 Nutrition and Repository — urine sample collection 18-50-19-30 |FE-3 COX maimgenance .
07:50-07:55 FE-2 Ham radio HW prep A — EMtnﬁfa” 9”{"':3'93”.'1:';9 _ —
o Po—— - - F -50-19: utrition and Repository — urine sample collection
07:50-08:00 |FE-4 ﬁ.“éﬂ?ﬁ’"  Repository —nstalling first urine samples into 19:00-19:05 |FE5 Nutrition — installing urine sample into MELF|
07:55-08:00 |FE-5 Nutrition u Repository. Photographing 19:10-19:15 |FE-4 Mutrition 1 Repository - installing urine sample into MELFI
07:55-08:05 |FE-2 Ham radio session 19:15-19:20 |FEA4 TVIS CEVIS HRM data transfer to MEC
08:00-08:20 [FE-4 Nutrition u Repository — blood sample collection 19:20-19:25 |FE-4 OCA S5C router reboot
08:00-08:15 |FE-5 Nutrition 1 Repository — blood sampling operator 19:25-19:30 |[FE-4 OCA 55C server reboot
05:00-08:05 [FE-1 Mutrition u Repository. Photographing 19:30-21:30 | Pre-sleep (supper, daily food ration, pre-sleep)
\Verifying absence of cooling agent on housing of half- -30-06:
08:05-08:15 [FE-3 i A Koy o0t 29 9 310-?35?‘5-““ : Sleep
08:15-09:15 [FE-3 FE BENO - 4 1 Window 9 cover opening — crew discretion, Report to MCC
08:20-08:30 |CDR,FE-1 Remove Oxygen Unit BK-3 and BPTA battery / ODF 2. Missing links to US ops — see OSTP
08:20-08-30 |FE-4 E::gln[:: :t Repository — assembling cooling centrifuge
08:20-08:40 |FE-5 Nutrition — urine sample collection

http://www.nasa.gov/mission pages/station/timelines/06 2009 tl.html
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http://www.nasa.gov/mission_pages/station/timelines/06_2009_tl.html

MAIN CONTROL PANEL
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Figure 1. Main control panel containing push buttons that could be iHuminated
red or green. Each button is labeled with the abbreviations of the activity repre-
sented. “Wake Trips” and “Sleep Trips” ore indicated by arrows.

Behavioral program supporting a single resident of a programmed
environment for 152 days. The multi-operant features are determined
by activity alternatives at the transition points.
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Fig 1. Ciagrom of experimentl chamber showing furnishings and facilities in

each reom,

Findley, J.D., Migler, B.M., & Brady, J.V. (1963). A long-term study of human performance
in a continuously programmed experimental environment. Technical Report NASA. p. 12.
http://ntrs.nasa.qov/archive/nasal/casi.ntrs.nasa.qgov/19640001916 1964001916.pdf
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Extending the Technology to Groups: Systematic Replication

1975

WORKSHOP (WK 3) PRIVATE ROOM

RECREATION {FD3)

PRIVATE ROOM PRIVATE ROOM

Fig. 1. A schematic diagram of the programmed environment.
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2009: MARS 500
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http://www.space.gs/news/?p=1840
http://www.en.rian.ru/photolents/20071224/93904736.html
http://content.techrepublic.com.com/2346-1035_11-290310-1.html

NEWES

 To Members of the NSBRI Board of Directors, External Advisory
Council, Board of Scientific Counselors, User Panel, Industry Forum
and Investigator Community:

« 105-Day Mars Simulation: U.S. studies focus on improving work
performance

« Release available at:;
http://www.nsbri.org/NewsPublicOut/Release.epl?r=123

« HOUSTON — (July 13, 2009) — From March 31 to July 14, a six-
man international crew called an isolation chamber in Moscow their
home. The crew, composed of four Russians and two Europeans,
simulated a 105-day Mars mission full of experiments and realistic
mission scenarios, including emergency situations and 20-minute
communications delays.
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http://www.nsbri.org/NewsPublicOut/Release.epl?r=123

MAIN CONTROL PANEL
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Figure 1. Main control panel containing push buttons that could be ifluminated
red or green. Each button is labeled with the abbreviations of the activity repre-
sented. “Wake Trips” and “Sleep Trips” are indicated by arrows.

Systematic Replication
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BEHAVIORAL PROGRAM
WORK TRIPS
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INVENTORY OF ACTIVITIES
TATION  FULL NAME BRIEF DESCRIPTION

FAF Hl'l'll't I.M'hlﬂhc 150 CORMRECT SOLUTIONS OF ARMTHMETSC PROBLEMS
FROBLEW

WK1 ﬂll 000 LEVER OPERATIONS

P HMETIC FROBLEMS 50 CORRECT SOLUTIONS OF ARITHMETIC PROBLEMS

FE EXERCISE 90 COMRECT PAESSES ON AUTOMATED TASK

wTFE MULTPLE TALK mcm1 RESPOMSES
PERFORMANCE BATTERY llt MO RATHD

Hy HEALTH CHECKE TEMFERA PULSE, WEMIHT, STATUS REPDRT

mw TOWLET OPERATIONS USE OF PRIVATE BATHROOM AMD COMTEMTS DF

DRAWER CONTAIMING TOWETRIES

L1 ] AUTOGENMIC BEHAVIOR RELANATHON FXERCISES ON CASSETTE TAPE

FO1 FOOD OME TWO SELECTIOMS FROM A LIST OF FOODS

SLP SLEEP U'SE OF BED AND PRIVACY CUNTAM

RO READING ACCESS TO BOOK

WK WORK TWO FROBLEMS, EXPERIMENTS, ASSEMBLY PROJECTS

P& PUITLE ASSEMDLY ASSEMWBLE & PUIILE

MB MANUAL BEHAVIOR ACCESS TO ART MATERIALS

REQ REQUIITION EARM DELAYED Lllllﬂ'l' ﬂl TREATS

w1 WORE THRLE ACCESS TO WORKSHD

FDa FOOD Tw PRIVATE MAJOR ﬂtll.

FD3 FOOD THREE MAJOR MEAL N RECREATHON ROOM, GAMES

o Ew R A s

:ﬂ :l..lil:l*f'. S RECETY! A Fm;{cﬂmi FOR ALL SUBJECTS
COMMUNICATION ACCE! ]

g;;- LIMITED TOILET ACCESS TO ESSERTIAL TOILFT FACILITIES
CFERATIONS

Emurian, H.H. (1988). Pro
management of confined

grammed environment
microsocieties. Aviation,

Space, and Environmental Medicine, 59(10), 976-980.
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BEHAVIORAL PROGRAM
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PAIRING CONTINGENCY EFFECTS ON BEHAVIOR 328
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Fig. 2. Social activity durations across successive days of the experiment for all groups. Because no group en-
gaged in more than one social episode per day, the figure bars represent durations of individual episodes. The
numbers above dyadic durations identify the two subjects who engaged in the episode. T = triadic condition,
D = dyadic condition.

Emurian, H.H., Emurian, C.S., & Brady, J.V. Effects of a pairing contingency on behavior in a three-person
programmed environment. Journal of the Experimental Analysis of Behavior, 1978, 29, 319-329.
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Fig. 10. Total work trips for Groups 1 to 3 and to-
tal MTPB points for G4 for all subjects across succes-
sive days of the experiment.

2 4 6 81012

Emurian, H.H., Emurian, C.S., & Brady, J.V. Positive and negative reinforcement effects on behavior in a three-
person programmed environment. Journal of the Experimental Analysis of Behavior, 1985, 44, 157-174.
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Subject | Subject 2 Subject 3
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Fig. 5. Mean interpersonal ratings for all subject pairs in each group across successive days of the experi-
ment. 1 = not at all bothered by a subject, and 4 = extremely bothered. AP = appetitive condition, and AV =
avoidance condition.
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B Appetitive
[J Avoidance

Subject | Subject 2 Subject 3
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Fig. 4. Maean ratings of the experimenters for all subjects in each group across successive days of the experi-
ment. 1 = not at all bothered by the experimenters, and 4 = extremely bothered.
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Planetary Exploration Simulation Task (PES)

Terrain Map
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PES

§& NSBRI

Mission Control COM PANEL
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Salivary Cortisol

(mean + SEM % of Pre-Session Baseline)
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Team Performance Task (TPT)

|
%5 TPT Main - Mozilla Firefox =1 B3
Fle Edit Miew Higtory Bookmarks Tools Help

Resource - Resource

You are Team Member2 Send a request to reveal a barrier.
Barrier Reveal Requirement = 250 Request |

Team Memberl Score =0
Team Member2 Score =0
Team Member3 Score =0

Team Score =0

27 2009-01-2423



Tools  Help He E Tools  Help
Resource - Resource Resource - Resource
You hit Barrierl Team Memberl has requested that you reveal your Barriers.
Barrierd Barrier®
Target score=1 Target score=2
You are Team Member3 Send a request to reveal a barrier. You are Team Member3 Send a request to reveal a barrier.
Barrier Reveal Requirement = 4000 M‘ Barrier Reveal Requirement = 1000 M‘
Team Memberl Score =2 Team Memberl Score =2
Team Member2 Score = -6 Team Member2 Score = -6
Team Member3 Score =1 Team Member3 Score =2
Team Score =-3 Team Score =-2
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Points Earned

I0S1 052 ms3 |

150
100 -
50 -

150
100 -
50 1-

150 rmmmr e
100 ==mmmzs e n oo

-50

L e i

100 --mmromzesemnn s

150 -
100 +-
50 -

250

500 1000 2000 4000 250
Barrier Reveal Delay (msec) Across Sessions

Total

90
80
70
60
50
40
30
20
10

Group 4: Actions to Make Barriers Visible
O0S10S2 mS3

250 500 1000 2000 4000 250

Barrier Reveal Delay (msec) Across Sessions

©

29

2009-01-2423




Research Question #1

 What are the effects on individual and
crew performances and adjustment of
social contingencies on high-value
activities such as meals and recreation?
— This question addresses such risks to long-

duration spaceflight as human performance
failure due to poor psychosocial adaptation.

@ 30 2009-01-2423



Research Question #2

 What are the interactive BP, PES, and
TPT markers of impending degradation
and loss of mission-critical individual and
crew skilled performances, and what
interventions will reverse such changes

and restore acceptable behavioral
health”?

— This question addresses such risks as
mismatch between crew cognitive
capabilities and task demands.
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Research Question #3

* In what ways may the behavioral
program implement alternative work and
rest routines to overcome loss of
motivation, social disruption, and
degradation in skilled performance?

— What are the differential effects of
autonomous and rule-governed access to

activity units?
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Research Question #4

* In what ways may team-oriented tasks
such as the TPT as diagnostic markers
of the status of a crew?

— Can such tools be adopted to affirm and
maintain social cohesion and role
differentiation and identification among crew
members and between crew members and
mission control?

@ 33 2009-01-2423



Applications: Which Approach?

BEHAVIORAL PROGRAM
WORK TRIPS

r ]
or063: pr]—foc]-f}-{re}-{x4
Rg 0451u Form 24 for 06/08/09

Prepping Qrlans for EVA

Time Crew Ops G2 |MTPB _.lPE
06:00-06:10 |CDR,FE-3,FE-5 Morning inspection '

06:00-06:05 |FE4 Taking biophosphanat pills

06:00-06:05 |FE-1 SLEEP - data logging G4

06:00-06:05 |FE2 SLEEP - data logging m

06:05-06:10  |FE-1.,FE-4 Morning inspection . .

06:05-06:10 |FE-2 Taking biophosphanat pills

0600540 |CORFELFE3,  [Postsiesp "" @, @ }'
FE-4,FE-5

06:10-06:35 |FE2 Post-sleep IE’

06:35-07:10 |FE-2 Breakfast :

1

1

|

1 |

I |

0640-07:30 |CDRFE-1FE-3,  [Breakfast : b . :
3 1

3 1

-

FE-4,FE-5
07:10-07:25 |FE-2 Private Psych Conference (KutS-band)
07:25-07:30 |FE-2 Breakfast Ll i i i T e
07:30-07:40 |FE-4 PHS hiw installation INVENTORY OF ACTIVITIES
. . CDR,FE-1,FE-2,
07:30-0740 | F e s Work prep TATION _FULL NAME BRIEF DESCRIPTION
07:40-08:05 | DPC (S-band) PAP PRIVATE ARITHMETIC 150 CORRECT SOLUTIONS OF ARITHMETIC PROBLEMS
: : CORFE1. 5000 LEVER OPERATIONS
08050815 e yres Work prep - WRITHMETIC PROBLEMS 50 CORRECT SOLUTIONS OF AAITHMETIC PROBLEMS
i i n PE PHYSICAL EXERCISE 500 CORRECT PRESSES OM AUTOMATED TASK
08:05-08:45 |FE-3 Taking photos of docking probe traces on docking cone (ACM-B) of FGB WTBE MULTIPLE TASK BI- BOD lmll!_cl' RESPOMSES
0800920 =2 PE CEVIS Hy WEALTH CHECK TenY :mmmnt. PULSE, WEIGHT, STATUS REPORT
FE-4 T TOILET OPERATIONS E OF PRIVATE BATHRAOOM AMD COMTENTS OF
08:15-08:45 FE-Si--Mo b) Periodic health check mu. ER COMTAIMING TOILETRIES
= AR AUTOGENIC BEHAVIDOR RELIXA‘I'IQN EXERCISES OM CASSETTE TAPE
FD1 FOOD ONE TWO SELECTIOMNS FROM A LIST OF FOODS
5LP SLEEP USE OF BED AMD PRIVACY CURTAIN
RO READING ACCESS TO BOOK
WIKT WORK TWO PIKIII.EIS. EIPEIIHEHTS. ASSEMBLY PROJECTS
PA PUZZLE ASSEMBLY ASSEMBLE A PUIILE
MB MANUAL BEHAVIOR - ACCESS TO ART MATERIALS
REQ REQUISITION EARM DELAYED DELIVERY OF TREATS
Wil WORK THREE ACCESS TO WORKSHOP
FDZ FOOD TWO PRIVATE MAJOR WEAL
FD3 FOOD THREE MAJOR MEAL iN n[cnu.nou ROOM, GAMES
] R AL AT e
:ﬂ :.:gfg - RECEIVE vmlut scﬂnﬂ- FOR ALL SUBJECTS
WML ACCESS TO INTERCOM
flqcr E&."'nﬂég‘l.}?ﬂ hEEES.S T ESSEHTU-L TOHLET FACILITIES
OPERATIONS

34 2009-01-2423



Both approaches have value at different occasions in a mission to Mars.

BEHAVIORAL PROGRAM
WORK TRIPS

r ]
or063: pr]—foc]-f}-{re}-{x4
Rg 0451u Form 24 for 06/08/09

Prepping Qrlans for EVA

Time Crew Ops G2 |MTPB _.lPE
06:00-06:10 |CDR,FE-3,FE-5 Morning inspection '

06:00-06:05 |FE4 Taking biophosphanat pills

06:00-06:05 |FE-1 SLEEP - data logging G4

06:00-06:05 |FE2 SLEEP - data logging m

06:05-06:10  |FE-1.,FE-4 Morning inspection . .

06:05-06:10 |FE-2 Taking biophosphanat pills

0600540 |CORFELFE3,  [Postsiesp "" @, @ }'
FE-4,FE-5

06:10-06:35 |FE2 Post-sleep IE’

06:35-07:10 |FE-2 Breakfast :

1

1

|

1 |

I |

0640-07:30 |CDRFE-1FE-3,  [Breakfast : b . :
3 1

3 1

-

FE-4,FE-5
07:10-07:25 |FE-2 Private Psych Conference (KutS-band)
07:25-07:30 |FE-2 Breakfast Ll i i i T e
07:30-07:40 |FE-4 PHS hiw installation INVENTORY OF ACTIVITIES
. . CDR,FE-1,FE-2,
07:30-0740 | F e s Work prep TATION _FULL NAME BRIEF DESCRIPTION
07:40-08:05 | DPC (S-band) PAP PRIVATE ARITHMETIC 150 CORRECT SOLUTIONS OF ARITHMETIC PROBLEMS
: : CORFE1. 5000 LEVER OPERATIONS
08050815 e yres Work prep - WRITHMETIC PROBLEMS 50 CORRECT SOLUTIONS OF AAITHMETIC PROBLEMS
i i n PE PHYSICAL EXERCISE 500 CORRECT PRESSES OM AUTOMATED TASK
08:05-08:45 |FE-3 Taking photos of docking probe traces on docking cone (ACM-B) of FGB WTBE MULTIPLE TASK BI- BOD lmll!_cl' RESPOMSES
0800920 =2 PE CEVIS Hy WEALTH CHECK TenY :mmmnt. PULSE, WEIGHT, STATUS REPORT
FE-4 T TOILET OPERATIONS E OF PRIVATE BATHRAOOM AMD COMTENTS OF
08:15-08:45 FE-Si--Mo b) Periodic health check mu. ER COMTAIMING TOILETRIES
= AR AUTOGENIC BEHAVIDOR RELIXA‘I'IQN EXERCISES OM CASSETTE TAPE
FD1 FOOD ONE TWO SELECTIOMNS FROM A LIST OF FOODS
5LP SLEEP USE OF BED AMD PRIVACY CURTAIN
RO READING ACCESS TO BOOK
WIKT WORK TWO PIKIII.EIS. EIPEIIHEHTS. ASSEMBLY PROJECTS
PA PUZZLE ASSEMBLY ASSEMBLE A PUIILE
MB MANUAL BEHAVIOR - ACCESS TO ART MATERIALS
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Conclusions

* Develop evidenced-based principles.
* Behavioral systems management.

* Long-duration simulations and evaluations
of this approach are indicated.
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The End Result

* The end result, as stated within NASA's
Behavioral Health & Performance
Element, is to optimize the adaptation of
the individual and crew to the space
environment and maintain motivation,
morale, productivity, cohesion, and
communication.

http://humanresearch.jsc.nasa.gov/elements/bhp.asp
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http://humanresearch.jsc.nasa.gov/elements/bhp.asp

Thank you!
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