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    Good evening, everyone! 

Henry Emurian
Sticky Note
Not all links are active.
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      Are you ready? 
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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 (Mars Direct Plan) 
– 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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First PERC Presentation 
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• fdfsd • fdfsd 
Bigelow, G.E., Emurian, H.H., and Brady, J.V. A Programmed 
Environment for the Experimental Analysis of Individual and Small 
Group Behavior, Symposium: Controlled Environment Research and Its 
Potential Relevance to the Study of Behavioral Economics and Social 
Policy. Addiction Research Foundation, Toronto, Canada, 1973. 
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Programmed Environment Management of 
Confined Microsocieties: Mission to Mars 

 
Henry H. Emurian 

College of Engineering and Information Technology 
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& 
Joseph V. Brady 

The Johns Hopkins University School of Medicine 
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39th International Conference On Environmental Systems, 2009 13 



Behavior Analysis of Team Performance: 
A Case Study of Membership Replacement 

 
 

Henry H. Emurian & Kip Canfield 
UMBC 

& 
Joseph V. Brady 

Behavioral Biology Research Center 
Johns Hopkins University School of Medicine 

 

14 Association of Behavior Analysis International, 2011 
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Précis 

• Anticipate extended 
stays in space 

• Management of crew 
behavioral health 
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Two Influential Reports 
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Safe Passage: 
Astronaut Care for Exploration-Missions (2001) 

Institute of Medicine (US) Committee on Creating a Vision for Space Medicine During Travel Beyond Earth 
Orbit; Ball, JR & Evans, CH Jr. (Eds.), Washington (DC): National Academies Press (US); 2001.2001. 

 

http://www.nap.edu/
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Safe Passage: 
Astronaut Care for Exploration-Missions (2001) 

• Not enough is yet known about 
the risks. 

• Everything reasonable should be 
done to understand and mitigate 
those risks. 
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Conclusion? 



A Mars Mission Will Not Be Easy! 
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Sex in Space? 
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http://www.spacesafetymagazine.com/space-exploration/analog/sex-romance-mars 



The Carrollton, 2017 23 

    http://www.huffingtonpost.com/2010/06/28/international-space-stati_1_n_627447.html 
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27 Zubrin, R. (2000). The Mars direct plan. Scientific American, 282, 34-37. 
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                             American Institute of Aeronautics and Astronautics (AIAA)) 
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Record Duration: Space Station Mir 

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

 http://www.space.com/11337-human-spaceflight-records-50th-anniversary.html 
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Why a Mars Mission Is Different 

• Distance of travel 
• Automated life-support systems 
• Degree of isolation and confinement 
• No rescue 

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

– Crew screening, selection, and training 
– Overcoming effects of radiation and 

microgravity 
– Work and habitat design 

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 

http://bioastroroadmap.nasa.gov/User/risk.jsp
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Countermeasures 
• Reactive 

– Medical emergencies 
– Depression and related emotional problems 
– Circadian desynchronization 
– Crew autonomy from mission control 

(“Groupthink”) 
– Group fragmentation and interpersonal 

hostility 
– Loss of skilled performance 
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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, D. (2004). Human missions to Mars: new psychological challenges 
and research issues. Acta Astronautica, 55, 781-790. 
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Rationale for a New Approach 

• The most severe stressors 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, D. (2004). Human missions to Mars: new psychological challenges 

and research issues. Acta Astronautica, 55, 781-790. 
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Rationale for a New Approach 

• Data from space analogue settings and 
from long-duration mission spaceflight 
suggest that neither astronaut selection 
nor crewmember professionalism will 
prevent all problems due to the 
psychosocial stressors that will arise in 
space crews. (Recent “biomarker” research) 

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). 
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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Current Approach to Spacelife Management 

Living in 
Space 

http://spaceflight.nasa.gov/home/index.html
http://spaceflight.nasa.gov/home/index.html
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“Behavioral Program” 

51 
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                  https://www.nasa.gov/pdf/613794main_010112_tl.pdf 



Background to a New Approach 

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. 

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

Holloman Aerospace Medical Center, 
located at Holloman Air Force Base in New 
Mexico. 

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
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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 

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
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Some Effects of Short-Duration Spaceflight: 
Salutogenic Consequences 

• Image Name: 
Chimpanzee Ham after the 
successful 17-min 
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.  

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

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

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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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. 
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Extending the Technology to Groups: Systematic Replication 
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    TPT 2010 
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Systematic Replication 
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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. 
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Why Programmed Environments?  

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

• Manages scarce environmental 
resources 

• Motivational “force” is intrinsic to the 
programmatic design 

• Comprehensive status-assessment 
• Spacelife systems integration 
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Research Approach 

• Designed-based research 
• Accept demonstrably effective 

interventions 
• Systematic replication 
• Spacelife engineering solutions 
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Augmented Stages for a Mission to Mars 

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) 
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Which Approach? 
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Both approaches have value at different 
occasions in a mission to Mars. 
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                                March 4, 2017: https://ntrs.nasa.gov/search.jsp?R=20170002006 
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Timeline control   à   Behavioral program   à   Timeline control 
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Recommendations 

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

 
• Warrants evaluation in 

ground-based simulations. 
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John Bosley, Ph.D., was lead for Mars Mission Human Support System 
Planning at Booz Allen.. 
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Challenge 
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Thank You! 
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I retired from UMBC at the end of the Spring 2015 semester. I was truly 
blessed to know and work with so many outstanding students and 
colleagues over the years. 
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