Good evening, everyone!
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Henry Emurian
Sticky Note
Not all links are active.


Are you ready?






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

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
UMBC

&

Joseph V. Brady
The Johns Hopkins University School of Medicine

Eastern Psychological Association, 2007 11



At Dinner in Philadelphia
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Henry H. Emurian & Kip Canfield
UMBC

Institutes for Behavior Resources

UMBC [BB) 111

AN WHONOEE UEIVIEERRITY I8 MARYLAND

Behavioral Systems Management of Confined Microsocieties:

An Agenda for Research and Applications

Peter G. Roma, Eric D. Gasior, & Zabecca S. Brinson

Robert D. Hienz, Steven R. Hursh, & Joseph V. Brady

Johns Hopkins University School of Medicine

&

lllllll

& :

2008-01-2423

39th International Conference On Environmental Systems, 2009
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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

UMBC &

AN HONORS UNIVERSITY IN MARYLAND
EEEEEEE

Association of Behavior Analysis International, 2011 14



Précis

 Anticipate extended
stays In space

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

AFE PASSAG

Astronaut Care for Exploration Missions

IMSTITUTE OF MEDICINE

L
2017 Institute of Medicine (US) Committee on Creating a Vision for Space Medicine During Travel Beyond Earth 17
Orbit; Ball, JR & Evans, CH Jr. (Eds.), Washington (DC): National Academies Press (US); 2001.



http://www.nap.edu/

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.

The Carrollton, 2017 18



Behavioral Health and Performance

Approved for Public Release: April 11, 2016

National Aeronautics and Space Administration
Lyndon B. Johnson Space Center
Houston, Texas

A. Risk statement

Taken verbatim from the Human Research Program Roadmap, the 11sk statement for Adverse
Cognitive or Behavioral Conditions and Psychiatric Disorders (“Risk”, 2015) states:

Given the extended duration of current and future missions and the i1solated. confined and
extreme environments, there 1s a possibility that (a) adverse cognitive or behavioral
conditions will occur affecting crew health and performance:; and (b) mental disorders
could develop should adverse behavioral conditions be undetected and unmitigated.

The Carrollton, 2017 19



Behavioral Health and Performance

Approved for Public Release: April 11, 2016

National Aeronautics and Space Administration
Lyndon B. Johnson Space Center
Houston, Texas

AFE PASSAG

Astroeai Care lor Exploration Masiom

The Carrollton, 2017 20



A Mars Mission Will Not Be Easy!

The Carrollton, 2017 21



Sex In Space?

ASTRONAUTS IN SPACE LIVE IN EXTREMELY CLOSE QUARTERS. A LONG TERM DEEP SPACE MISSION WOULD

PRESENT THE ISSUE OF ROMANTIC AND SEXUAL RELATIONSHIPS BETWEEN CREWMATES. - CREDITS: NASA

http://www.spacesafetymagazine.com/space-exploration/analog/sex-romance-mars

The Carrollton, 2017 22



TECH 08/28/2010 0512 am ET | Updated Feb 02, 2015

Sex Banned Aboard International Space
Station: NASA Commander

You can forget joining the 200-mile high club.

NASA commander Alan Poindexter told a reporter who asked about
“the consequences if astronauts boldly went where probably no others
have been” that sexual intercourse is not permitted aboard the

International Space Station.
“We are professionals,” Poindexter said.

“We treat each other with respect and we have a great working
relationship. Personal relationships are not [...] an issue,” he explained.

“We don’t have them and we won't.”

http://www.huffingtonpost.com/2010/06/28/international-space-stati 1 n_627447.html
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If you want to get a few guys to Mars and back,

you'll have to talk to us about human engineering.

My off-the-cuff comment to a reporter in 1983 still stands. (Psychology Today, 1983)

The Carrollton, 2017 24
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«Mars-500» project

Simuiation of a manned Mght to Mars

14-day molabon | 105 -day isolation | $20-day isalation

t | Satellite enperments

520-day isolation completed November 4, 2011 at 14:00 (GMT)

Blogger Livejournal

About “Mars-500" project

Mars-500° project 15 being conducted by the Sitabe sclentific
cednler of the Russian Federgion — nsllife lof Bio-Medical
Froblems of RAS under Mé aegis of Roscosmos and Russian
Academy of Sciences, 1 incudes a series of expermeants
simulating these or those aspects of an inlerplanetary manned
Might The main par iz a8 seres of sxperiments on long-term
isplation of the crew in conditions of the spedally built
ground-based expardment fadlity This pard indudas
14.day isolation (it was compleled in November 2007)
105-day isolation (it was complatad in July 2009)
Sa0-day isolation (it was completed in Bovember 2011)

Virtual tour of the Mars500

Youtube Twitter

News

20.05.2012

The slecronic version of abstracts book of infemnational
symposheam on e resulis of the esxparimenis simulaling
manned mission o Mars (Mars-500) - MarsS00 sympasiim
=ABSIFACTS DOk (M0 01001

0a.1.20M

Mew press-kil— "Finighing of 52

04912011

End of 5208y s olslian Pictyie S0y
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2009: MARS 500
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A leading advocate DIRF( : I EI ., II
Of manned Mmissions

to Mars, Robert Zubrin, outlines his relatively inexpensive

plan to send astronauts to the Red Planet within a decade

EXERCISE SLEEFING QUARTERS
[

AL

LOUNGE
AND
LIBRARY

IANWORPOLE

LABORATORY

HOME SWEET HOME in interplanetary space and on Mars might look like this. The
upper deck of the habitat, shown here, would have sleeping quarters for four people as
well as a laboratory, library, galley and gym. A solar-flare storm shelter would be locat-
ed in the center. The lower deck (#ot shown) would serve as a garage, workshop and
storage area. During the trip to Mars, a tether system could produce artificial gravity.

Zubrin, R. (2000). The Mars direct plan. Scientific American, 282, 34-37.
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=, THE MARS SOCIETY

\Jf.j;/

THE TIME HAS COME -G O=TO MARS

The sxploration and settiement of Mars isone of t
We're ready. Join today, get invalve

Learn More

Mars Desart Research Station
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Upper Deck Sleeping Area Cut Away  Head Room

Upper Bunk Rooms Have A 14" Raised Deck Starting 6 Feet ;;m;t
Inside Door To Form Their Storage Space 39" Lower

MDRS Habitat Floor Plan

Diameter: 8 meters or 26 feet

7
sL:Tm Biology and Geology
Laboratory

Battery Charging
& Work Table

Engineering Work
Shop

Air Lock is used
for “out of sim” events Spaceflight Historian
such as refuelingsGenerators or ATVs, MDRS Document Editor

The Carrollton, 2017 29



& Joumeyto Mars Overview | NA. X

o vVa nasa gov = | v Ba @ 4+ # —

NASA ' ' 5 NASA TV

Journey to Mars

lourney to Mars Overyiew  Images Videos Media Resources

Journey to Mars Overview

NASA is on a jpumey to Mars, with a goal of sending humans to the Red Flanet m the 2030s. That journey is already well under way

For decades, the agency and ils partners have sent orbi ng WG 1OV dramatically increasing our knowledge about the
Red Planet and paving the way for fulure human explorers. The it er has gathered radiation data to help us protect future
astronauls, and the upcoming Ma ) wer will study the availabeity of Martian resources, including oxygen

There is more to leam as we expand humanity's presence into the solar system: Was Mars once home to microbial Ife or is i today?
Can it be a safe home for humans? What can the Red Planet teach us about our awn planet’s past, present and future?

Building on the robotic legacy, the human exploration of Mars crosses three thresheolds, each with increasing challenges as humans

move farther from Earth: Earth Refiant, the Proving Ground, and Earth independent

The Carrollton, 2017 30



Hawaii Space Exploration Analog and Simulation

Long duration Mars analog simulations operated by the University of Hawai'l at Manoa

Hawai'i Space Exploration Analog and Simulation

UH PEESS RELEASE: Miztion ¥

The HI-SEAS Matatat

Hi-SEAS (Hawal'i Space Exploration Analog and Simulation) is @ Habitst oo an ksolated Mar-Lke site Team Proceises and Team Effectivensss
on the Maunz Loa side of the saddie arez on the Big Island of Hawall st approscimately 8200 feet above saa Level
Hi-SEAS i3 unique, in addition m i3 SETing In 2 disingtive Bnalog environment, a3 Self-Guided Suess Management and Aetilience Trining

| We SEl@CT ThE Craw [0 MEeE aur fesearch needs (In Serendipmows analogs, such #5 ANTATCTE STATIONS, Crew MENTALILOCK

selection critena are not controlied by restanchers),
Effectwmnesa of g Shered Sooial Berevngrel Task a3 & Teem-
Building Exercize in lsoletad, Confined, and Extreme
retary explosstion mission Eicenabidy

axpiicitly designed to be simiar (o thasa ofa

=

the conditions (Habrst, mizsien, communications, etc.
pilar
5oune st i5 accessible year round, and has very lithe vanation in weather, allewing longer-duration

tsalated and confired emvironment studies than &t other Locations, new. Commuracation in Deboets
4 the Mars-like eminonmant provides for nigh-fdelity #nalog =545, SUCH 25 gE‘l}'.E;:EE. field work Camied

Gut by human explorers and/or robots. Aunomous Benwaonsd Countarmeasures for Spaceflicht
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Effectiveness of a Shared Social Behavioral Taskasa Il
Team-Building Exercise in Isolated, Confined, and P e
Extreme Environments s

leaam Procettet and Tasm Effactneeness

Sl ftuicked STress Managemens and Resilience Tamning
FHTALELDD

Effectiveness of a Shared Social Behavioral Task as a Team-Bullding Exercise in isolated, it i

Confined, and Extreme Environments

34 of a Shared Socisd Befavional Trkasa Tearm-
eise in [soleted, Confined, and Extrems

Long-ouration missigns in £olated, confined, and Ervirgnments
extreme (ICE] emironments can lead 1o 5o0al
withorawal and reduoed 1 Con@sion, porenTially Crew Commusizston in Desriefs

INCreasing risks o al and teET DERdviaral hed.th

and mission parfor

Autonomeus Betavionl Covntermeatures for Spaceflight
B0CE. AL With phyShial eckrcize and
indradusl mustla, bone, and cardipvasiular haalh

regular "social” exertisa in ICE anvirgnments may help

build and mairtain some processes that

underie eam and mesion success, Tothis 2nd, we
recentty developed a behadorzl software tool catled
COMESION (C ic
Social Interachions in Organizations and Natworks

COHESION i3 built on 3 conceptudl, methodelogical, and

anaiytical foundat

5. S

objectivaly mescures CoOpanTan, praductivity, faimess,

and oirer Oynamis sodial | Qroups. Uinlike simuitanadis aCthikes TRat are only pass

feg., execke, meals, TV)

g of inherently social actvities that require competition (g.g., video,bo2rd/tard games)
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Topics Missions Gaberies ~ NASO TV Fodione NASA Downilnads Abour | © MASA Audiences

NEEMO

NEEMO Overview |Images \Videos Media Resources

Folkow

About NEEMO (NASA Extreme Environment

Related Topics Mission Operations)

NEEMO - the NASA Extreme Environment Mission
Asteroid Redirect Mission Operations project - is a NASA analog mission that

sends groups of astronauts, engineers and scientists
Space Station to lve in Aquarius, the world's only undersea research

station, fo at a time. Operated by

ey to M & .
Journey to Mars Florida International University (FILY), Agquarius is

located kilometers (3.5 miles) off Key Largo in the

iy
Living in Space Flarida K jary. | eployed

Technology

All Topics A-Z

convincing analog for space exploration. Much ke
space, the undersea world is a hostile, alien place for

The Carrollton, 2017




The Carrollton, 2017




AJAA 2006-7445

Spaceship Discovery —Vehicle Architecture for
Human Exploratlon of Moon, Mars, and Beyond

- Matk G, Bemun, Sr.” -
Baemg Space und Intelligence Svstems, Los Angeles, CA 910009—29} g

American Institute of Aeronautics and Astronautics (AIAA)
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J i b /
CT (1 of4)

+  FIGURE 2. Side View — Spaceship Discovery “Main Ship”: EM, 4 CTs, $M, and CM.
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D&t 12.20M6

The Next Generation of NASA's Space Launch System

£ Backto Gallery

Tne next generaton of NASA's Soace Lauach System wil 0o 354 fest tall in the créw configuraton, wil Sefver a 105-matric-tan (115-56n) &% capacly and faature
o paweriul mxploratan upper stage. On SLE's second fight with Oren, the newer rocked will camy up to four astronauts on a mission arcund the maen, in the
desp-space proving ground for the lechnoiogies and capabiiies needed on HASA's Jowrney to Mars.
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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.htmil

The Carrollton, 2017 40




Why a Mars Mission Is Different

e Distance of travel

« Automated life-support systems
 Degree of isolation and confinement
e 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 Il, B1-B2.

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

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

The Carrollton, 2017 44



Rationale for a New Approach

e 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
soclal 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

e 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 Il, 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).
Behavioral stress reactions (12+ weeks).
4. End-of-mission euphoria

W

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

JHSF > Living In Space

File

Edit

“Wiew Go  Bookmarks Tools Help

QZI - E:> - @ O @ ||_| http:ffspaceflight nasa. govlivingdindes himl

=] © co |Gl

NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

+SHUTTLE  +STATION  + REAL DATA EWS +GALLERY  + QUESTIONS +HISTORY +INFD  + SITEMAP

k&l % space Food

"

2k

Breakfast Lunch Dinner

Eating and Drinking: How do you
cook, prepare and store food in
space?

Space Water: Where do astronauts in space get
water?

Space Breathing: How do astronauts breathe in

space?

Space Training: Preparing for a mission is a lot of
hard work for astronauts and their trainers. (fact

sheet)

Space Sleep: YWhat is it like to sleep on the shuttle
and on the International Space Station? (more)
Virtual Astronaut: An interactive, 3-0 suite of
instructional materials that demonstrate the
activities of astronauts on board the International
Space Station, including MASA?s scientific research,
Wheels in the Sky: The pioneering space station
concepts of the mid-1950's don't look much like the
erector-set habitat in orbit today.

[
HUMANSPACEFLIGHT

Space Wear

Doing Laundry

Space Suits

Hygiene: How do you take a
shower and use the restroom in
space? (Microbes)

= Ask the Crew/MCC Questions
= Classroom of the Future

= Cool Sites for Kids

= Eating Right in Space

= 155 Sighting Opportunities

= WASA Educational TV

= Science at MASH

= Space Biology

= Teaching Materials

= Shoes, Shirts & Pants

The Carrollton, 2017
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http://spaceflight.nasa.gov/home/index.html
http://spaceflight.nasa.gov/home/index.html

¥IHSF > Living In Space - Mozilla Firefox

File Edit “iew Go Bookmarks Tools Help

<413 - E:> - @‘] @ ||_| hitpffspaceflight nasa.govlivingdindex himl j @ Go I@-

Thiz iz a timeline for a space station crew member,

more information v

USACHEY FOGTSLEER | = POSTSLEEF  (PREF=-WIRKY OPC

HED-MJ-11 ] EXERCISE HIDDAY=-HEAL

Check out a shutte astronaut imeline,

finish timeline =

The above interactive requires Elash Player, &lso, check out the latest Expedition crew

tirmelines.

Construction: How rmany
astronauts does it take to build a
space station? Hint: More than it
takes to change a light bulk!

Space Work

Experiments Housekeeping

Talking to friends and family:
Astronauts use ham radio and
private channels to talk to Mission
Control, and a Softphone to call
directly home!

Space Fun

Waorking Cut kid Stuff

Curator: Kim Dismukes | Responsible NASA Official: John [ra Petty | Updated: 0572172004
‘Web Accessihility and Policy Motices

The Carrollton, 2017
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“Behavioral Program”

Radiogram No. 8077u

CREW OFF DUTY

GMT
06:00-06:10
06:00-06:05
06:00-06:05
06:05-06:10
06:05-06:10
06:10-06:40

06:10-06:30
06:30-06:50

06:40-07:30

06:40-07:30

06:50-06:55
06:55-07-05
07:05-08:05
09:00-10:30
09:30-11:00
09:30-10:30
10:30-10:35
10:30-12:00
10:35-10°55
10:35-11:35
10:55-11:00

CREW

CDRFE-1,
FE-2 FE-5

FE6
FE4
FE4
FE6

CDR FE-1FE-

2,
FE4 FE-6

FE5
FE5
CDR FE-2,
FE4 FE-6
FE-1

FE-5
FE-5
FE-5
FE-5
FE4
CDR
FE6
CDR
FE5
FE-6
FE5

Form 24 for 01/01/2012

ACTIVITY

Moming Inspection

Unne Spot Test

PLAZMENNYIKRISTALL. Pressure Check
Moming Inspection

ICV-MAKITA Ba tt:ery R'ap'l'ac ement

Post-sleep

Post-sleep

HRF Unne Sample Collection Subject

BREAKFAST

BREAKFAST. SMCC [Caution & Waming Panel] Test (affer
breakfast)

Unne Spot Test

HRF Unne Sample Insertion Into MELFI

BREAKFAST

Physical Exercise (ARED)

Physical Exercise (TVIS), Day 4
Physical Exercise (CEVIS)
ICV-MAKITA Battery Replacement
Physical Exercise (ARED)

HRF Unine Sample Collection Subject
Physical Exercise (CEVIS)

MELFI Unne Sample Insertion
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17:10-18:40 FE6 Physical Exercise (ARED)

17:40-18:40 FE4 Physical Exercise (VELO), Day 4
17:45-18:45 FE-5 Physical Exercise (CEVIS)

18:45-18:55 FE-5 HRF Blood Collection Hardware Setup
19:30-21:25 FE4 Pre-sleep

19:30-20:10 CDR Pre-sleep

193021:30  [ERTED  Pre-sleep

20:10-20:25 CDR Pnvate Family Conference

20:25-21:30 CDR Pre-sleep

21:25-21:30 FE4 PLAZMENNYIKRISTALL. Pressure Check

21:30-06:00 ; SLEEP
| Preparation of reports for Roskosmos site
FE-1 FE-2, URAGAN. Observations and Photography
FE4 SEINER Ocean Observations

ECON. Observations and Photography

Task List

Notes:

1. SM Window #9 shutter opening is at crew discretion with Report to MCC
2. See OSTP for references to US activities.

3. Presleep ops: dinner, daily food prep, evening toilet

End of Radiogram

https://www.nasa.gov/pdf/613794main_010112_tl.pdf
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Background to a New Approach

BEHAVIORAL HEALTH REQUIREMENTS—BRADY

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

Brady, J.V. (2005). Behavioral health: the propaedeutic
requirement. Aviation, Space, and Environmental

AN EXPERIMENTAL OUTLINE

FOR BUILDING AND EXPLORING

MULTI-OPERANT BEHAVIOR REPERTOIRES

Jacx D.

LABORATORY OF PSYCHOPHARMACOLOGY

UNIVERSITY

Although theotists may be found in frequent con-

troversy, experimenters differ in their approach to
behavior, and data are sometimes ambiguous or sub-

FinpLEYL 2
AND INSTITUTE FOR BEHAVIORAL RESEARCH
OF MARVLAND

control are substantial and when the interaction be-
tween l.he experimenter and his organism does not

ject 1o debate, the cxpenmemal organism is always
right. His behavior is real, lawful, and always appro-
priate to the instantaneous conditions of his internal
and external environments. It is basically the exper-
imenter’s job to gain control over thase environmen-
tal conditions.

In the laboratory, the experimenter emits a variety
of behavior and then atlerpis to relate changes in his
behavior with changes in the behavior of the organ-
ism under study. The ideal result of such interactions
is the statement of definitive relationships which ulti-
mately give rise to what is called “understanding of
behavior." Unfortunately, however, we do not have
definitive statements or relationships giving us an
understanding of what behavior on the part of the
experimenter most effectively generates relationships
acceptable 1o the body of behavioral science. Al
though they are not observed under controlled condi-
tions, variations in behavior from one experimenter
to another, or within a given experimenter, suggest
that he can state definitive relationships between him-
sell and his organism only insolar as he is able 10
control and manipulate the reievant envi

ly result in definitive relatmmhup:, bue
only suggests feasible ones in terms inadequate for
conventional language and conceptual analysis. In
- spite of the occasional punishment for efforts prima-
rily directed at bringing more of an organism’s be-
havior under experimental control and subject to
manipulation, we know thac such efforts always set the
occasion for the obtaining of definitive relationships;
and, moreover, that somehow this behavior is main-
tained.

The material to follow represents, in part, the re-
suits of several years ol laboratory effort in which the
pursuit of behavioral central progressively took pre-
cedence over the statement of problems and answers,
and in which it was often pursued in their absence.
The major result of this effort has been a demonstra-
tion that it is feasible to build, describe, and manip-
ulate complex samples of behavior under controlled
conditions, on a scale limited only by our individual
laboratory behavior. It has been the argument of this
section that to do so0 is in many ways basic to the
building of a science of behavior. The following
seclions are concerned with: first, the nature of multi-

conditions. Yet, only occasionally is the experimen-
ter's primary effort to gain control and to manipulate.
To do so, in fact, is often punished by other experi-
menters and theorisis. The occasion for punishment
would seem particularly sirong when the gains in

and general problems of its estab-
Iuhrnem and analysis; second, the conceptual and
notational desription of multi-operant behavior;
and, finally, the reporting of the laboratery story
which largely generated the notions and points of
view presented below.

PART I: THE NATURE OF MULTI-OPERANT BEHAVIOR AND
PROBLEMS OF ITS ESTABLISHMENT AND ANALYSIS

The continuous nature of an organism’s behavior
has long been recognized; yet, equally well acknowl-

each segment giving rise to the.special conditions con-
trolling the next. A more specific picture of the over-

edged is the argument that behavior can not be all behavioral process is, for the most part, unavail-

studied experimentally in its entirety, but must be
broken into units of special artention. These analyt-
ical activities are ultimately justified in that the
process occasionally results in useful suggestions rel:
evant to the control of particular behaviors, and, also,
that it aids in the formulation of a more sophisticated
picture of the entire behavioral process.

Current experimencal analyses of operant behavior
suggest a view of the behavior process in which spe-
cific operants under the control of numerous classes
of variables are emitted one after another. Thus, one
sort of behavior is followed by another in a contin-
uous and flowing manner due to the consequences of

able. This "conceptual vacuum®™ is perhaps most readily
accounted for by our failure to establish larger sam-
ples of behavior in the laboratory under well-
controlled conditions. Thus, our history of behavioral
science reflects, on the one hand, rather casual obser-
vation of extensive and naturalistic samples of be-
havior, and, on the other, the careful experimental
analysis of limited and specific operants. Fortunately,

iSupported in part by Grant MY.1604 from the National
Institote of Mental Health to the University of Maryland.

*The author would like to express his appreciation for
the gencrous enwouragement of Dr, J. V. Brady,
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Medicine, 76(6), Section I, 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.




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

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://Isda.|sc.nasa.qov/scripts/photoGallery/detail result.cfm?image 1d=1813
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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://Isda.|sc.nasa.qov/scripts/photoGallery/detail result.cfm?image 1d=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://Isda.jsc.nasa.gov/scripts/photoGallery/detail result.cfm?image 1d=1804
The Carrollton, 2017 56
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Rohles Trained the Chimps
For Historic Space Flights

Editor’s note As we were going (0 press, The Topeko Copital-fournal
published an articke about our author's coresr. We dedded we should
share it with ASHRAE |oormol eoders

By Jan Blies, Tha Tapaa Capital-joumal

MANHATTAN, Kan.—In Fred Rohles®studyin his Manhatan home
hangs a large portrai of Ham, the chimpanzes who was strapped
into & Marcury space capsule and tunched Inm space on fan, 31,
194 |, four months before astronaut Al n Shepard made his historic
space fight on May S, 1961

Rohles, A5, an emerios professor at Kansas Sae Unkvers Ky, was
among the man who trained Ham atthe Asromed ical Research Labora -
mry at Holloman Alr Force Basa in hNew Maion prior o his fight.

"The Russians had put up a dog,” he said,
referfng to Lalka, who orbited the Earth
aboard Sputnik Il on Nov, 3, 1957. *I had
workid with monkays but nover chimps. Ham
wis in 2 mallistc shot — up and down - that
was weightiess fora very short time.”

Fohles also trained Enos, a chimp who was
bunc hed intospace in a Mercury capsule on
Sept. 13, 1941, to makeo the first LS. orbital
animal flight. Enos was supposed o maka
three arbitsaround tha Earth but was brought
back after the second orbit becauss the spacae-
craft was getting ovarheated, ha said.

Enos’ trip was the precursorof the first US. manned orbital ms-
sion, whic h sant astronaut john Glann into space on Fab, 20, 1963,
o successfully make three orbit arcund the Earth.

AL that oma, the Linitod States was antranchad in the “space race”
o land a manon the moon, as directed by Prasident Kennedy, who
Rohiks met during 2 briefing in Juna 1963 at Holloman. AEo at the
brigfing was Vice Fresident Lyndon johnson.

*WWe opened up areas that had rever baen done before,” Rohles
said of tha research ho and othars did in the oary days of the spaca
program.

Rohks, who was bom in Chicago and grow up in nearby Evan-
ston, (N, eamad a degroe In parsonnal managamant in 1942 from
Rocsevek University in Chicago. He enlisted in the US, Air Force
that year and spant the next 22 years as an Ar Force officar and
pycholog st daing research inaviation, engineering psyc hology and
aemspace medcing at majpr asromedical research laboratoros
th reughaut the UnZed Sttes, including the School of Asrospace
Medicing at Randolph Alr Force Base near San Antonio and the
Arctic Aaromedical Laboramry in Fairbanks, Alska.

He earned a masier's degren in exparimantal psychology
and a Ph.D. In expenmental psychology from the Unhvarsity
of Texas in 1950 and 954, respactively Ha returned o the
School of Aerospace Medicine 1o kead (s expeimental psychol-
ogy dapartmaent and than was transferred o the LS. Air Force

Agromadical Labomtory at Wright-Patterson Air Force Base in
Dayton, Ohio.

“This ks where | pot in the space business. | headed the unusual
envirenment departmant,” he said, explaining how he and his col -
Baguss devaloped a modal and e uipment for maasunng bahavior
of mice during s pace flight while than.

He was appointed i the joint Armed Services Blosatelie Coor-
dinatian Comminee, and whik with ths group présentad a papar
in 1958 at the annual American Astronautical Society meeting that
stressad both bahavioral and physiological measuramaents nesded
o be docementad whan animals were sent into space © obin a
complets assessmant of the effocs of the space anvironment.

Shorthy after this, he and his antire secron warne tamkmed m
Holloman Air Force Base in New Mexico to
st Up a facikty for measuring animal parfor-
mance during space flight. The base had a
sizable colony of chimpanzess.

Ha and his tam developed parformance
programs and restramt systems for the ani-
mak, inc luding fasdars and watering devices
thatcould be opermted in we ghtessnes. Ha
aiso compiked a much-noeded topical bibliog-
i phy o all a5 pects of the chimpa mee.

Rohles said ha retired as a leutenant

Robles holils a photograph of Haw, o P Ot 31 1983 e
dvimpirzee he helped train for NASA CODNG. N CRCL 4, . and tha neot day

started working at K-5mte's Instinute for En-
vimnmantal Research with a joint Bculty appointment in psycholegy
and mechanical @nginearing. In 1973, ha was namad director for the
Irstitute for Envimnmantal Reseanch at K-Smte.

“Wa had chimps hera for a couple of years,” he said. "W had
two chimps here on loan from the Deka Regional Primate Canter
in Mew Orleans.”

His ressarch, ha said, centerad on the concept of “middkness”
and whatherchimps could determing what tem was in the midd e
of asanes of objpcts. Ono of his studies was filmod and & ondoposic
at the Psychobgcal Film Instiute at Pannsylvani State University.

“Then | gotout of tha monkey business because | didn't fogd we
could adequataly mie cam of tham,” he sald. “And | got into the
people business.”

The Amarican Societyof Heating, Rafrigeating and Arr Condition-
Ing had donated an environmental chambar 1o the unhwrsicy, which
bacama the heart of the Instituts for Environmantal Ressarch.

“Wa workad to devalop astandard for human thermal comiort,”
he said, ncding that he alse worked with the Ford Motor Co. o
evaluats Its automotive air conditioning systam and did rassarch on
Mo nmental argonomics.

Fohles, who rotired firom K-Statein 1986, has autho red mom than
IS0 technical papars and & the reciplntof tha Raymand F Longacre
Award for psychological and psychiatric aspects of avintion medicine
and ASHRAE's Hofaday Dstinguishad Fellow Award.
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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.

- OPAL SLASS

- :

WITCH

cHam MASATIME
-
L]

u BAR

waren FOOD TRAY

b 0 et 4 7 v ——

Fig. 1. Experimental chamber used with t'wo-operam
chaining procedure.

Sidman, M. (1960). Tactics of Scientific Research.
New York: Basic Books.

MEULTIOPERANT REFERTUOIRES 125

for 1 (a). The [ailure of the organism to select the
operant in cach option whith matdics the stimujua
propertics of the operant producing the option lcads
to a timedwout condition and refostaternemt of that
part of the grove.

Grove (B) is composed of several trees and provides
for the production of four diferemt reinforcement
condirions, The delivery of each reinforcement is
followed by reinstatement of the conditions for oper-
ant 1. Numerous possibilitles exist for different se-
quences by alteration of the reinforcement condi-
rioms, For example, if both operanta 4 and 5 pro-
duced fuod, operant 4+ cowld Le arvanged o rein-
state operant 2 and operant 3 10 reinstate operant 1.
Such an arrangement could be wsed 10 compari-
mentalize the behavior amocizeed with reinforoeo
of a given typt and thus cizgumyvent the necemity of
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going through the entre sequence for each primary

reinforcement.

Brhavior grove (%) is composed of trees in which
one gperant iy common both to the preceding option
and the mbsequent wee. Thuy, in this gruve, oper.
ant 1 produces [ood and reinstatey only itself. Oper-
ant 2 is concurrenily in effect with operant 1. but
it only Iunction is the production of the wmbee
yuent option Although this 1ype of grove suggests
sarne simflarivies with a mulipleschedule procedure,
the translation of conditions from one reinforced
operant to the next is under the crgapisms conirgl
via the speciic operants 2, 4, and & It i3 also similar
in some respeces to the grove in example (53, but it
allows the progressfon of operanis e How in only onc
direction.

In most of the illustrations of the present system
presented above, emphasis hag been placed upan the
tmore or less detailed descriprion of behavior samples.
The example grove (103 is included to illustrate an
extension of the system 1o atill larger repertoites of be-
havior. In Lhis cage, the meaning of the symbaliration
i3 more gemeral. Capital letters designate nol oper-
anis, i behaviors which might be composed of many
operants and described in deail separately. Special
reinforcement and reinstatement .conditions are de-
scribed with wonds or with lenen and enclosed in
boxes.

In this example, the hehavior A s considered to
be restricted to a special chamber where the arganism
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A LOMG-TERM STUDY COF HUMAN PERFORMAMCE
I A COMTIMNUQUELY PROGRAMMED
EXPERIMEMTAL EMWVIRO MMENT

Jock D, Findley, Bamard M. Migler, and Joseph V. Brady

_.——F""f
rr':_mpnbur. 1963 fuﬁ-u’

University of Marylend
Institute for Behowior| Rosearch
o

‘Walter Read Amy lnstitube of Ressarch

http://ntrs.nasa.qov/archive/nasal/casi.ntrs.nasa.gov/19640001916 1964001916.pdf
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Programmed Environments for
the Experimental Analysis
of Human Behavior

Jack D. Findley

INTRODUCTION AND RATIONALE

Although a behavioral determinism would seem to be widely accepted
in principle, its full expression is not readily found in laboratory research
with humans. Indeed, experimental work with humans aimed at a basic
behavioral analysis has long been constrained. Unfortunately, determinism
as a system, and its resultant body of information, is severely limited with-
out the support of good laboratory operations. Furthermore, a laboratory
in which known relevant variables cannot be freely manipulated is not very
likely to yield powerful information or uncover important new principles.
All such constraints unduly impede the progress of a behavioral science. I
would like to suggest that there is currently only a very limited experimental
analysis of basic human behavior, and, furthermore, that its progress is
unduly slow in view of the knowledge and technology at hand. Although the
slow pace is no doubt due to several factors, I think they reduce in large
measure to a new kind of entrenched secularism which overemphasizes an
understanding of man in the world as we now know it. For example, in
studying sleep behavior, it is usually assumed implicitly that man must
function in an environment with 24-hour days. Not only is such an assump-
tion erroneous, but it is not even drawn from information suggesting 24-
hour days to be most desirable. In studying motivations, as another exam-
ple, the concern is usually with the existing and familiar, rather than with
an effort to devise experimental conditions which would establish new and
quite different motivations for orderly dissection. Likewise, in studying mari-
tal relations, economic behaviors, and social interaction, the orientation is
always toward the existing system and never toward an experimental one.

827

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.
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Fig 1. Ciogrom of experimental chamber showing fumishings and facilities in
each room.

Findley, J.D., Migler, B.M., & Brady, J.V. (1963). A long-term study of human performance
2017 in a continuously programmed experimental environment. Technical Report NASA. p. 12.
http://ntrs.nasa.gov/archive/nasal/casi.ntrs.nasa.gov/19640001916 1964001916.pdf
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MAIN CONTROL PANEL

Behavioral program supporting a single
resident of a programmed environment for
152 days. The multi-operant features are
determined by activity alternatives at the Fe
transition points.
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| J
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Figure 1. Main contral panel containing push buttons that could be illuminated
red or green. Each button is labeled with the abbreviations of the activity repre-
sented. “"Wake Trips”” and “Sleep Trips” ore indicated by arrows.
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The first resident of a programmed environment was Whilden P. Breen, Jr. That happened over 50 years ago. His experience was
reported here in a 1963 issue of Life Magazine.
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Extending the Technology to Groups: Systematic Replication

H Workshop
Interconnecting Hallway

Private Room #2 Private Room #3

Private Room #1

Recreation Room
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FIGURE 3. Diagrammatic representation of the overall floor plan of the
laboratory and its arrangement within the external building shell.

The Carrollton, 2017
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A Diagram of the Private Chamber
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A Diagram of the Private Chamber
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Private Chamber Work Station
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Private Chamber
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Social Recreation Area

The Carrollton, 2017 70



Control Station
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The Alluisi Multiple Task Performance Battery (MTPB)

12



The Alluisi Team Performance Task (TPT) Circa 1982
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(& TPT Main

L c Ozaad.umbc.edu:8888.-".-"tptEthb.-"tpthEJ.php'?var=var‘t.1CICIjs ﬂf X,

Resource - Resource

TPT 2010

You are Userl Send a request to reveal a barrier.
Barrier= 1000 Points= 60 for Team Request

Userl Score =10

User2 Score=10

User3 Score =10

Total Score =0

The Carrollton, 2017
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Networked Team Performance Task (N-TPT)

Cenerul Layoul

Second View
Cursor i the square makes the patiern visible

Mudel

First View
h -

Resource Tray

. Third View Fourth View
PTESE‘IIIE{I h'E‘[E‘ 15 ['hE‘ Coordinated movements Into the warkspace.

General Layout of one
operator’s console. The
sIX views show the
display as one operator
engages the task from

illuminating the model
pattern (Second View)
to three correct deposits
1 the Workspace by all

three team members
(Sixth View).

Nlpuse down on Red. Red iile highbighood.
Heady for dragging mancaver.
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Fifth View Sixth View

Tiles in motion in 1 Tiles dropped
the Workspace. accurately by
. . mouse release,

The Carrollton, 2017 77



The Carrollton, 2017

Monitors Deluxe! They All Made It Happen!
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Abaove: The layout of
the space lab. Right:
Observers monitor par-
ticipants via closed-cir-
cuit television. Far
right: To perform suc-
cessfully on the com-
puterized exereise de-
viee, subjects must
quickly reach to press
flashing lights.
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I JOHNS HOPKINS
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HOMEWOOD CAMPUS

Duen Hsi Yen
Project Engineer
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Above: In their private
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R T tion while the replacement ococurmed;
controL” Left: Dur- S0 fially three days of group perfor-
ing their “free time,” mance with the novitiate. In some ex-
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In recent years, the Johns Hopkins
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Joe was an outstanding mentor to other faculty.
{Joe with Richard W. Foltin, Ph.D. PERC 1983-1992; photoshopped by Drew Gardner)
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Look at that! Henry landed on Mars!
Eric Gasior, Joe Brady, & Kevin Spence
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MAIN CONTROL PANEL
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Figure 1. Main contral panel containing push buttons that could be iHuminated
red or green. Each button is [abeled with the abbreviations of the activity repre-
sented. “Wake Trips”* and “Sleep Trips” are indicated by arrows.
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Why Programmed Environments?

e 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
iInherently unfamiliar setting.
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Why a Behavioral Program?

« Manages scarce environmental
resources

e Motivational “force” Is intrinsic to the
programmatic design

e Comprehensive status-assessment
o Spacelife systems integration
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Research Approach

 Desighed-based research

 Accept demonstrably effective
Interventions

e Systematic replication
o 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)  ——mes :

ora: pod—f (o}l
ee: irrs)-fre] {7
‘141

Rl et E o

o QCE"(@ (@ é i

MoizEE =y

The Carrollton, 2017 90




Which Approach?

Radiogram No. 4441u Form 24 for 01703/07
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Both approaches have value at different

occasions In a mission to Mars.
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Increasing Crew Autonomy for Long Duration
Exploration Missions: Self-Scheduling

Jessica J. Marquez
Steven Hillenius
NASA Ames Research Center
M/S 262-2
Moffett Field, CA 94035
jessica.j.marquez@ nasa.gov
(650) 604-6364
steven.r.hillenius@ nasa.gov
{650) 604-28588

Abstract—Over the last three vears, we have been investigating
the operational concept of crew self-scheduling as a method of
increasing crew autonomy for furure exploration missions.
Through Playbook, a planning and scheduling software tool,
we have incrementally enabled the capability for Earth analog
mission crews to modify their schedules at various levels of
complexity. Plavbook allows the crew to create new activities
from scratch, add activities or groups of activities from a Task
List, and reschedule or reassign flexible activities. The crew is
also able to identify if plan modifications create violarions, i.e.,
plan constraints not being met. This paper summarizes our
observations with qualitative evidence from four NASA
Extreme Environment Mission Operations (NEEMO) analog
missions that supported self-scheduling as a  feasible
operational concept.

Bob Kanefsky
Jimin Zheng
San Jose State Research
Foundartion
MUS 262-4
Moffett Field, CA 94035
bob.kanefsky@nasa.gov
(650) 604-3514
jimin.zheng@nasa.gov
(650) 604-5831

Ivonne Deliz
ASRC Federal
M/S 262-4
Moffett Field, CA 94035
ivy.delizi@ nasa.gov
(650) 604-5616

Marcum Reagan
NASA Johnson Space Center
2101 NASA Parkway, XM
Houston, TX 77058
marcum.lreagan@nasa.gov
(281) 244-7489

in which they may not be able to conunmunicate to ground in
a timely manner. One key factor in allowing astronauts to
work under these conditions is to provide aids that allow
them to dyvnamucally execute assigned tasks without
depending on continual mstruction from Earth. However,
achieving this model requires a complex process. Removing
the assistance that ground teams provide will likely result in
an overwhelmed crew with a higher workload - ground
teams have a vast amount of information and expertise,
essential to working and living in space. which cannot be
neatly codified.

This inevitable shift from the current spaceflight operation
model points to the need to support and enable more

March 4, 2017: https://ntrs.nasa.gov/search.jsp?R=20170002006

The Carrollton, 2017

93






Recommendations
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Gerald Soffen, NASA's current di-
rector of life sciences, admits that in
terms of psychological research on
crew selection, training, and accommo-
dation, “The Soviets are way out in
front of us.” In the United States, un-
til now, says Soffen, “We've poured ev-
erything into success and safety. Now
we can focus on efficiency and perfor-
mance.”” That may mean good news
for the space lab at Johns Hopkins. If
they can come up with enough money,
Brady and Emurian would like to ex-
tend their missions from 10 days to a
month or more. Any volunteers? [}
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l JOHN JOSEPH BOSLEY

1935 -2014 @ Obituary © Condolences

BALTIMORE, Md. - John Joseph Bosley, 77
years, died suddenly on March 13, 2014, in
Baltimore, Md.

Mr. Bosley was born on Armistice Day, Nov.
11, 1935, in New Creek , W.Va,, the fifth of
seven children of Bess Dale (Corey) Bosley and

Thomas Richard Bosley.

John Bosley, Ph.D., was lead for Mars Mission Human Support System
Planning at Booz Allen.
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Final Notes

We must finally rely, as have the older sciences, on replication.
»Cohen, 1994, p. 1002

Cited in Cumming, G. (2008). Replication and p Intervals: p Values Predict
the Future Only Vaguely, but Confidence Intervals Do Much Better.
Psychological Science, 3(4), 286-300.

Keep making responses.
»Brady, 2009

BehvWiki interview with Joseph V. Brady:
http://web3.unt.edu/behvh/wiki/index.php/Joseph V. Brady

ABAI 2011 40

.
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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, 2009).

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 I, B119 - B125.

The Carrollton, 2017 99



Thank You!




| retired from UMBC at the end of the Spring 2015 semester. | was truly
blessed to know and work with so many outstanding students and
colleagues over the years.
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