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Précis

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

• Ensuring participants’ behavioral health
requires microsociety management based 
upon sound scientific principles.
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A Recent Troublesome Event

The tragedy of Lisa Nowak. Editorial. The New York Times, February 8, 2007.

“Captain Nowak’s drama played out in an 
airport parking lot. Imagine a comparable 
scene at a base on the Moon or on a 
spaceship to Mars.”
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Robert Zubrin
President of The Mars Society

“We could be on Mars in 10 years without a doubt.”

U.S. News & World Report, 12/8/2006

http://www.usnews.com/usnews/news/articles/061208/8nasa.htm

Mars Society: http:/www.marssociety.org

EPA 2007 6

http://www.usnews.com/usnews/news/articles/061208/8nasa.htm
www.marssociety.org


Zubrin, R. (2000). The Mars direct plan. Scientific American, 282, 34-37. 7
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NASA 
Vision

http://www.nasa.gov/mission_pages/exploration/main/index.html
http://www.nasa.gov/mission_pages/exploration/main/index.html
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The Garriott-Griffin Report: July 2004

“We believe that human landings on the Moon or on 
Mars can begin about 2020.”

http://www.planetary.org/programs/projects/aim_for_mars/study-report.pdf
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http://www.planetary.org/programs/projects/aim_for_mars/study-report.pdf








How Far Is it?

D1 = 60,000,000 miles D2 = 400,000,000 miles
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How Long Will It Take?

• High energy trajectory
– Outbound flight of 160-250 days
– 60 days on the Martian surface
– Return flight of 160-250 days

• Low energy trajectory
– Outbound flight of 200-300 days
– 400-500 days on the Martian surface
– Return flight of 200-300 days

Manzey, D. (2004). Human missions to Mars: new psychological challenges and 
research issues. Acta Astronautica, 55, 781-790.
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Record Durations: Mir

• Longest Stay: Cosmonaut Valery 
Polyakov holds the record for the longest 
stay in orbit, 438 days, 1994-1995. (n = 1)

• Most Days on Mir: Between his three 
separate missions to Mir, cosmonaut 
Sergei Avdeyev totaled 747 days -- the 
longest total for any human staying in 
space. 

http://liftoff.msfc.nasa.gov/news/2001/news-EndIsMir.asp
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Why a Mars Mission Is Different

• Extremely long distance of travel
– Unprecedented physical and psychological 

demands
• Duration of living under the dependence 

of automated life-support systems
• The degree of isolation, confinement, and 

social monotony
• Impossibility of short-term rescue in case 

of emergencies
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Kanas, N., & Manzey, D. (2003). Space Psychology and Psychiatry. Boston, MA: 
Kluwer Academic Publishers.



Safe Passage:
Astronaut Care for Exploration-Missions (2001)
The basic findings of the committee are these:
1. Not enough is yet known about the risks to 

humans of long-duration missions, such as to 
Mars, or about what can effectively mitigate 
those risks to enable humans to travel and 
work safely in the environment of deep space 

2. Everything reasonable should be done to 
gain the necessary information before humans 
are sent on missions of space exploration.

http://books.nap.edu/html/safe_passage/reportbrief.pdf
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http://books.nap.edu/html/safe_passage/reportbrief.pdf


Conclusion?+
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Life in Space Will Not Be Easy
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Countermeasures
• Proactive

– Crew screening, selection, and training
– Overcoming effects of radiation and microgravity
– Work and habitat design, “as design is a critical strategy in 

ensuring behavioral health during extended-duration space 
missions” (Williams & Davis, 2005).

• Reactive
– Medical emergencies
– Depression and related emotional problems
– Circadian desynchronization
– Crew autonomy from mission control
– Group fragmentation and interpersonal hostility
– Loss of skilled performance

Williams, R.S., & Davis, J.R. (2005). Aviation, Space, and Environmental Medicine, 76(6), Section II, B1-B2.

NASA’s Bioastronautics Roadmap: http://bioastroroadmap.nasa.gov/User/risk.jsp
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http://bioastroroadmap.nasa.gov/User/risk.jsp


Countermeasure Caveat

• Collaborations are easily compromised
among researchers, clinicians and operational 
support personnel, NASA program 
administrators, and the astronauts themselves at 
many levels.

• There is no guarantee that an evidenced-based 
countermeasure will be adopted or even 
considered for adoption.

Palinkas, L.A., Allred, C.A., & Landsverk, J.A. (2005). Models of research-
operational collaboration for behavioral health in space. Aviation, Space, 
and Environmental Medicine, 76(6), Section II, B52-B60.
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Rationale for a New Approach

• “Our current psychological knowledge derived 
from orbital spaceflight and analogue 
environments is not sufficient to assess the 
specific risks of missions into outer space”
(Manzey, 2004, p. 781).

Manzey, D. (2004). Human missions to Mars: new psychological challenges 
and research issues. Acta Astronautica, 55, 781-790.
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Rationale

• “The most severe stressors [after approximate 
12 weeks] involve social monotony and boredom 
related to hypoactivity and hypostimulation, 
isolation of family and friends, and the restricted 
social contacts within a small crew” (Manzey, 
2004, p. 784).

Manzey, D. (2004). Human missions to Mars: new psychological challenges 
and research issues. Acta Astronautica, 55, 781-790.
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Rationale

• “Data from space analogue settings and from 
LDM [long-duration mission] spaceflight suggest 
that neither astronaut selection nor 
crewmember professionalism will prevent all 
problems due to the psychosocial stressor that 
will arise in space crews” (Flynn, 2005, p. B45).

Flynn, C.F. (2005). An operational approach to long-duration mission behavioral 
health and performance factors. Aviation, Space, and Environmental Medicine, 
76(6), Section II, B42-B51.
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Spaceflight Stages

1. Physiological and psychological adaptation to 
microgravity and onboard schedules (4-6 
weeks).

2. Steady-state adaptation (6-12 weeks).
3. Behavioral stress reactions (12+ weeks).

• “Reactive countermeasures”
4. End-of-mission euphoria

Manzey, D. (2004). Human missions to Mars: new psychological challenges 
and research issues. Acta Astronautica, 55, 781-790.
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Spaceflight Stages
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Relevance to a 
Mars Mission



Current Approach
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Living in 
Space

http://spaceflight.nasa.gov/home/index.html
http://spaceflight.nasa.gov/home/index.html
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“Behavioral Program”
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Background to a New Approach

Brady, J.V. (2005). Behavioral health: the propaedeutic 
requirement. Aviation, Space, and Environmental 
Medicine, 76(6), Section II, B13-B24. Findley, J.D. (1962). An experimental outline for building 

and exploring multi-operant behavior repertoires. Journal of 
the Experimental Analysis of Behavior, 5, 113-166.



Ham
• Image Name: Chimpanzee Ham 

in the Flight Couch for the 
Mercury-Redstone 2 (MR-2) flight 
Image 

• Description: Chimpanzee Ham in 
his Flight Couch for the Mercury-
Redstone 2 (MR-2) suborbital test 
flight. 

• On January 31, 1961, a Mercury-
Redstone launch from Cape 
Canaveral carried Ham over 640 
kilometers down range in an 
arching trajectory that reached a 
peak of 254 kilometers above 
Earth. 

• Mission:+ Mercury 2
• Experiment Title:+ Project 

Mercury Ballistic and Orbital 
Chimpanzee Flights (CHIMP)

http://lsda.jsc.nasa.gov/scripts/photoGallery/detail_result.cfm?image_id=1813
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http://lsda.jsc.nasa.gov/scripts/mission/miss.cfm?mis_index=164
http://lsda.jsc.nasa.gov/scripts/photoGallery/detail_result.cfm?image_id=1813


Performance Test Apparatus

• Image Name: Mercury-Redstone 2 
(MR-2) Performance Test 
Apparatus 

• Image Description: Image of the 
Mercury-Redstone 2 (MR-2) 
ballistic flight Performance Test 
Apparatus. 

• Mission: Mercury 2
• Experiment Title: Project Mercury 

Ballistic and Orbital Chimpanzee 
Flights (CHIMP)

• Payload: Mercury 2 (Mercury 2)
• Research Area: Behavior and 

performance
• Keyword: Animals in space

Hardware
• Hardware: Performance Test 

Apparatus

http://lsda.jsc.nasa.gov/scripts/photoGallery/detail_result.cfm?image_id=1817
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http://lsda.jsc.nasa.gov/scripts/mission/miss.cfm?mis_index=164
http://lsda.jsc.nasa.gov/scripts/mission/miss_payload.cfm?pay_index=273&mis_index=164
http://lsda.jsc.nasa.gov/scripts/hardware/hardw.cfm?hardware_id=1029
http://lsda.jsc.nasa.gov/scripts/hardware/hardw.cfm?hardware_id=1029
http://lsda.jsc.nasa.gov/scripts/photoGallery/detail_result.cfm?image_id=1817


Some Effects of Short-Duration Spaceflight: 
Salutogenic Consequences

• Image Name: Chimpanzee 
Ham after the successful 
Mercury-Redstone 2 (MR-2) 
suborbital flight 

• Image Description: Close-up 
view of the chimpanzee Ham, 
the live test subject for 
Mercury-Redstone 2 (MR-2) 
test flight, being fed an apple. 
This photo was taken after his 
successful recovery from the 
Atlantic Ocean. Note that he is 
still strapped into his special 
Flight Couch. 

http://lsda.jsc.nasa.gov/scripts/photoGallery/detail_result.cfm?image_id=1804
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http://lsda.jsc.nasa.gov/scripts/photoGallery/detail_result.cfm?image_id=1804


Behavior analysis provides the context for 
conceptualizing multi-operant performance 
repertoires. The extension, ultimately, to 
space dwelling microsocieties follows the 
method of “systematic replication”
(Sidman, 1960). What is demonstrably 
effective in one setting is applied to 
another as a test of effectiveness and 
generality of process.

Sidman, M. (1960). Tactics of Scientific Research.
New York: Basic Books. 38
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http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19640001916_1964001916.pdf

Findley, J.D. (1966). Programmed environments for the 
experimental analysis of human behavior. In W.K. Honig (Ed.). 
Operant Behavior: Areas of Research and Application (pp. 827-
848). Englewood Cliffs, NJ: Prentice-Hall, Inc.

EPA 2007

http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19640001916_1964001916.pdf
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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.gov/archive/nasa/casi.ntrs.nasa.gov/19640001916_1964001916.pdf

http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19640001916_1964001916.pdf
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Systematic Replication

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.



Brady, J.V. (1992). Continuously programmed environments 
and the experimental analysis of human behavior. Cambridge, 
MA: Cambridge Center for Behavioral Studies.

Brady, J.V. (2005). Behavioral health: the propaedeutic 
requirement. Aviation, Space, and Environmental Medicine, 76(6), 
Section II, B13-B24.



Extending the Technology to Groups: 
Systematic Replication
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Systematic Replication

Emurian, H.H. (1988). Programmed environment 
management of confined microsocieties. Aviation, 
Space, and Environmental Medicine, 59(10), 976-980.



Programmed Environment Management of 
Confined Microsocieties

• Similar to Findley (1966), this approach is 
not offered as a replacement for current or 
planned experimental efforts, but rather as a 
supplementary method that could open 
new ways of looking at the problems and for 
proposing potential solutions
(“countermeasures”).

EPA 2007 46



Why Programmed Environments?

• Journeying in a spacecraft to Mars does 
not constitute an ecological setting into 
which familiar pre-flight routines of living 
are easily applied.

• The setting is a unique ecology requiring 
a technology applied to that inherently 
unfamiliar setting.
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Why a Behavioral Program?

• The behavioral program manages 
performance requirements within the context 
of contingency programmed access to 
scarce environmental resources to 
promote crewmember endurance, 
performance effectiveness, and sustained 
“value” of available resources. 

• Motivational “force” is intrinsic to the 
programmatic design.
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Why a Behavioral Program?

• The behavioral program provides the 
opportunity for a comprehensive status-
assessment of a confined microsociety 
beyond what is available from a fine-
grained and multi-dimensional status-
assessment of the individual crew 
members.
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Why a Behavioral Program?

• When we think about things unforeseen 
taking place 18 months into a Mars 
expeditionary mission, interventions will 
very likely be required at a spacelife 
systems engineering level (e.g., a 
(“countermeasure behavioral program”). 
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Why a Behavioral Program?

• Its structure makes for countermeasure 
interventions at the integrative systems 
level, rather than at the level of an 
individual crew member.
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Research Approach

• Ground-based "effect size" research is not applicable to 
developing a technology of human performance for long-
duration space missions. The methodology should be 
similar to "designed-based research" in the field of 
education. 

• Demonstrably effective interventions are accepted to 
produce an outcome of value without regard to parsing 
out all potential sources of influence and explanation for 
the phenomenon. 

• Improvements in outcome achievement are reached by 
way of empirically driven or theory driven systematic 
replication of alterations to a demonstrably effective 
design.
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Challenge

“The short-term nature of funded research and 
the expectation of producing meaningful 
results in the near-term is a result of the 
culture of experimental scientific research. Such 
an approach, however, does not seem to suit 
such settings as human spaceflight...” (Musson 
& Helmreich, 2005). 

Musson, D.M., & Helmreich, R.L. (2005). Long-term personality data 
collection in support of spaceflight and analogue research. Aviation, 
Space, and Environmental Medicine, 76(6), Section II, B119 – B125.
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Challenge

Recommendation 4.2—Conduct Periodic Assessment of Additional Risks from 
Lack of Resources and Use This to Make Decisions About Microgravity and 
Behavioral Research Support.

“How to support the extensive behavioral research program that 
would be necessary to validate processes or countermeasures such
as select-in–select-out criteria (both for individual crew members 
and for a composite crew), issues related to cultural diversity, crew 
interactions, and isolation or stress-induced hazards. These issues 
may well require long lead times to study adequately.”

A Risk Reduction Strategy for Human Exploration of Space: A Review 
of NASA's Bioastronautics Roadmap, 2006, p. 13. 
http://books.nap.edu/execsumm_pdf/11467.pdf

http://books.nap.edu/execsumm_pdf/11467.pdf


Augmented Stages for a Mission to Mars
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1. Physiological and psychological adaptation to 
microgravity and onboard schedules (4-6 
weeks).

2. Steady-state adaptation (6-12 weeks).
3. Behavioral program “countermeasure” (12+ 

weeks)



Which Approach?
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Both approaches have value at different 
occasions in a mission to Mars.
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Instructional control   Behavioral program   Instructional control
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Recommendations

• Supportive of individual 
and crew performance 
during long-duration 
expeditionary missions. 

• Warrants evaluation in 
ground-based simulations.



Thank You!Thank You!
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