AD=AG99 787 JOHNS HOPKINS UNIV BALTIMORE MD DIV OF BEHAVIORAL BIOLOGY F/6 S/10
BEHAVIORAL AND BIOLOGICAL INTERACTIONS WITH CONFINED MICROSOCIE—<ETC(U)

IAV 81 H H EMURIAN, J V BRADYs» J L MEYERHOFF

UNCLASSIFIED TR=3

END
s
6—8!

oTic

NOODI!‘OD-C-O“?




28 2
|||||=I_Z:9 £ oo

|
M
MICROCOPY RESOLUTION™ TEST CHART

™
= ju
L2 s yie

a e







UNCLASSIFLED

SECURIT e CLASIIFICATION OF Te1S BarE (Whan Date Fniereq)
RiLAD INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORY
' REPORT muMBER 2 COVT ACCESSION NG| 3 RECIPIENT'S CATALGL NuUMdEN
\/ A
__mn Ad59 747
& TITLE cand Subdtitle} / \ ' TYPE OF REPOAT & PERIOD COVERED
) "8 &
- . : T e e e i ———— et ._._..//'\ / T hni 1 - .
.Behavioral and bjological interactions with | echnical Report.
confined microsocieties in’a programmed | =FERFOWMING ORG. WEPORT NuUELR
_environment , - I |
e

. 18 CONTRACT OR GRANT NUMBER'S)
B o L T e — ;
/Y ,

r Henry H. ,Emuriah aa# Joseph V.‘Brady , J{b NB&BM-BB-C;G{QL//} . -
: .. ) A. [M@ N A A uu j_J'L . {:l — ‘:t.] ’LO"KA G.J.::;%RLKEENYT-NPUZOBJEEE;‘ TasK ; ]
AREA & W o

'ﬁ Diviedenr of Behavioral Biology- NR 170-910 :

The Johns Hopkins Univessdey Schoal\ of Medicine
Baltimore, MD 21205 o . 1

" TR G OFFICE NAME AND ADDRESS / g }
CONTROLLIN | / 28 May ®81 3
a 3

Organizational Effectiveness Research Progr T NUWOER OF EACES

Office of Naval Research (Code 452) © 15 i

N eg&:%ggﬁg%zz%v 2042134175 ADORESS (] dilferent from Controlling Office] | 15. SECURITY CLASS. (of this seport) 5

- T :

S e |\ /|7 UNCLASSIFIED ;

g : Ry ) ! emin T DOWNGRADING
N 7N ) R R n
e T H ) 3 3

16. DISTRIBUTION STATEMENT (of thie Repory)

Approved for public release; distribution unlimited.

t7. DISTRIBUTION STATEMENT (of the abetract er . 'ed in Block 20, 1 diftesent irom Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reveree aide i necessary and identity by block numbder)

‘ !
Team turnover; performance effectiveness; programmed environments

l;.L ABSTRACT (Continue on reveree aide il necessery and identily by blech number)

Jv—'rh:ls report presents a summary of the background, objectives, and methodologi-
cal approach of an ongoing research project devoted to the analysis of
individual and team performance effectiveness under conditions of isolation
and confinement during extended residences in a continuously programmed
environment. A more detailed description is provided of the results of a
recent series of experiments designed and conducted to assX\ormonal and

behavioral effects of a change in team membership and size.

ANCILASSIFIED. y 4‘ g

DD ,'janys 1473 ,::','1“ OF 1 MOV 68 13 OB3OLETE




BEHAVIORAL AND BIOLOGICAL INTERACTIONS WITH
CONFINED MICROSOCIETIES
IN A PROGRAMMED ENVIRONMENT

Henry H. Esurian, Ph.D. -

Joseph V. Brady, Ph.D.
The Johns Hopkins University School of Medicine
Baltimore, Maryland 21205 Dist !

Accession For

Unannounced

NTIS GRA&IT
DTIC TAB

r

Justification |

By _

Distribtution/

Special
l l

James L. Meyerhoff, M.D. * !

Edward H. Mougey, M.S.
Walter Reed Army Institute of Research
Washington, D.C.

Abatract

This paper presents a summary of the
background, objectives, and methodological
approach of an ongoing research project
devoted to the analysis of individual and
spall group performance effectiveness under
conditions of 4isolation and confinement
during extended residences in a continuously
prograamed environaent, A more detailed
description 1s provided of the results of &
recent series of experiments designed and

ducted to hormonal and bdehavioral
effects of a change in group membership and
size.

Jotroduction

Where sustajned and effective human
performance is essential to the success of
group missions conducted within the
unfamiliar and stressful circumstances of sea
and/or space habitats, it 1is obviously
necessary to determine the conditions under
which (1) productive individual bdehsvior and
social interactions can be maintained and (2)
performance decrements prevented or
corrected. Accordingly, in response to the
recognition of the practical importance of
developing technological guidelines related
to (1) the impact of the type of mission, (2)
the characteristics of mission participants,
and (3) the skill 1level of a novitiate
participant as they affect the group's
ability to accoasplish mission objectives, a
research project was undertaken to investi-
gate performance effectiveness within the
context of a programmed laboratory environ-
ment in which both interpersonal and work
behaviors can be oontinuously monitored over
extended time periods. A discursive
rationale and preliminary model have been
presented elsewhere for the application of
continuously programmed environments in human
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20012

research on the basis of extended experi-
mental control, objective recording, and the
maintenance of realistic and naturalistic
incentive conditions for the assessment of a
broad range of Aindividual behavioral
proeesaes.‘ A review of the very extensive
literature involving the study of small
groups suggests that research on group
performance effectiveness would be equally
advantaged by the development and application
of an effective methodology for extended-
duration analyses of both the functional and
topographic aspects of social living and work
situations which provide for operational
performance assessment and evaluation. The
present report describes the experimental
pethodology and results derived from studies
of such human individual and social behaviors
conducted at The Johns Hopkins University
School of Medicine under residential labora-
tory conditions in a programmed environment.

Apparatus

All studies were conducted within a
residential programmed laboratory represented
in schematic form in Figure 1. Briefly, this
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prograssed
previously descrided 1in deta.l,3:d s
comaposed of three 2.6 dy 3.4 by 2.8 m private
rooms, a 4,3 by 6.7 by 2.7 = recreation roos,
a 2,6 by 4.1 by 2.7 ®» work station, and a 2.3
by 7.9 by 2.4 = hall Joining the rooms.
Remotely controlled solenoid locks on doors
and storage compartments located throughout
the environsent provide for experimental
programming of access to laboratory resources
according to the rules of a behavioral
prograa to be described below. Electro-
mechanical control devices positioned

environment, which has Dbeen

. throughout the environment are interfaced

- provide for

with computer systems located within
adjoining ladboratory support facilities which
sonitoring, programning,
recording, and data analysis. Audio and
video equipment located, with the awvareness
of participants, within each of the

- residential chambers permits continuous
sonitoring during conduct of an experiment.
Sublects

In response to recruitaent notices on
oollege bulletin bdoards and in local news-
papers, over 100 sale and female sudbjects
have been screened and accepted for partici-
pation in the research on the basis of
psychological evaluation, sducational
background, and availadbllity. Subjects are
familiariged with the operational features of
the laboratory, with the experinental
methodology, and with performance tasks
during several daily sessions preceding the
oxperiment. Informed consent is obtained.

Dehavioral Program
Rigurs 2 presents a diagrammatic
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Figure 2

representation of a Dbehavioral prograc
exesplar governing, in general form, the
sequential and oontingent relationships of
activities employed throughout the series of

experiments.
represents a distinct behavioral unit and
response requiresent. Subjects progress
through the program sequentially from left to
right. This progression involves progran
branches composed of @ fixed activity
sequence and optional activity sequences.
Regardless of the sequence selected, the
diagram indicates that all behavioral units
are scheduled on a contingent basis such that
sccess to a succeeding activity demands
satisfaction of the requirements for the
preceding unit, .

Beginning at the far left, the fixed
activity sequence is composed of all
activities between and including Health Check
(HV) and Food One (FD1), The Health Check
activity requires the subject to determine
his temperature, pulse, and weight, and to
complete several subjective status question-
naires, He then completes the following
activities in the order displayed: Physical
Exercise (PE), requiring 500 correct
responses on an automated exercise task;
Toilet Operations (TO), providing access to
the private room bathroom and drawers
containing towels, toiletries, and a vacuum
cleaner; Autogenic Behavior (AB), in which
the subject follows taped relaxation instruc-
tions; and Food One (FD1), in which the
subject is permitted to select two items from
a presented list of 10 "light" foods such as
coffee, tea, soup, cereal, etc.

When Food One is completed, the subject
is eligidble to select gne of the following
three activities: Reading (RD), providing at
least 30 minutes' access to books contained
within a draver; Work Two (WK2), in which the
subject coapletes in. private various
problems, experisents, or asseadly projects
presented in a draver; and Sleep (SLP),
providing access to the bed for an unlimited
tine period of at least 30 minutes. 1If the
subject selects Sleep, he 13 required to
return to the Health Check activity and the
fixed activity sequence at the completion of
Sleep. This ainimum recycling sequence is
designed to maintain and assess the subject's
health if he were otherwise indisposed to
sngage in the broader selection of
opportunities.

The optional activity sequence bdegins
with the choice of pne of the following two
asctivities: Reading (RD), providing at least
30 minutes' access to books, or Work Two
(WK2), in which the subject completes various
word games, experiments, or sssembly
projects. When the aselected activity 1s
completed, the subject is eligible to select
ane of the following three activities:
Puzzle Assembly (PA), requiring the subject
to assemble a Jigsaw puzzle presented in a
draver; Manual Behavior (MB), providing at
least 30 wminutes' access to art supplies
contained in a drawer; and Requisition (REQ),

Each box within the diagram -
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allowing the subject to press a lever to earn
at least one dut not more than 20 points
exchangeable for treats, such as soft drinks
and pastries. On completion of the selected
activity, the sudbject is eligible to select
ane of the following four activities:
Private Games (PG), allowing at least 30
sinutes' access to an assortment of solitary
games within a draver; Food Two (FD2),
requiring at least 30 minutes and providing
the subject with a major meal to eat within
his private roos; Food Three (FD3), providing
at least 30 minutes in the recreation room by
one, two, or three subjects to eat a major
meal and to play games; and Music (MU),
allowing the subject to press s lever to earn
a cassette tape that can be played at any
time. Once a subject completes his choice
among those four activities, he returns to
Health Check and resumes the fixed activity
sequence, indicated by the dotted line. The
optional sctivity sequence allows the subject
flexidbility in the selection and arrangement
of activities, both individual and social.

At the bottom of the diagram are four
activities with more general rules, The
Limited Toilet Operations (LT0) activity,
which provides access to the bathroom, can de
selected at any time, The Audit (A) activity
can also be selected at any time, and it
provides the subject with all sudbjects® work
productivity during the current day. The
Communication (COM) activity allows access to
the intercom for intersubject communications.
A subject is persitted to use the intercom to
initiate or answer a cosaunication only if he
is between any two progras activities.
Although the Comsunication activity 1is
available between any activities, an actual
conversation requires at least two sudbjects'
sisultaneous presence within the Coassuni-
cation activity. Conversing subjects,
however, wvhether in pairs or all three at
once, can be located at different sequential
positions within the behavioral progras. Por
example, a Comsunication and conversation
might occur when one sudject 1 Ddetween
Autogenic Behavior and Food One, and snother
subject is bLetween Manual Behavior and the
last coluan of activities, and so on. The
Multiple Tesk Perforsance Battery (MTPB)
activity, to be descrided below, provides
access to the work station, and it can bde
selected Detween any two activities in the
behavioral progras.

A sanusl of fnstructions detajiling the
progras and use of environmental resources is
contained in each room Of the enviromment,
An example of a subject's {instructional
sanual, health assessaent Qquestionnaires, and
procedural details aessocisted with the
varifous aotivities has Dbeen previously
described.5

Rerformance Iask

A Multiple Task Perforsance Battery
(MTPB) was used as the major performance
assessaent procedure throughout the research,
Eigure 3 presents a photogrsph of the MIPB

Figure 3

console on which the performance tasks were
presented on a cathode ray tube (CRT) display
tersinal, The battery was ocomposed of the
following five task components which were
presented concurrently to an operator: (1)
blinking , providing a nmeasure of
watchkeeping, (2) warning lighta, providing a
measure of vigilance, (3)

sonitoring, providing a measure of attentive
functions, (8)  garget  identification,
providing a measure of sensory-perceptual
functions, and (5) arithpetic '
providing [ seasure of computational

functions. Accurate responses produced
points which were presented on the screen as
they were accumulated. The parameters

associated with the tasks were chosen 830 that
an opsrator with 5-10 hours of practice could
sccumulate 500-600 points per hour. The
upper limit of performance was approximately
750 points per hour. A comprehensive
description of the performance bdattery has
been published by hurun.(’ and a rationale
for this "synthetic work®™ wmethodology has
been provided by Morgan and Alluisi.?

Backeround Reasarch Findinga

Over the past three yeara, volunteer
subjects have participated in a series of
experimental group sissions involving
continuous residence for varying periods
within the programmed laboratory environment.
Early studies involved simply confinement and
isolation of two-person groups for relatively




brief 28-hour periods to desonstrate the
adequacy of the hardvare and to deteruine
habitability under conditions which required
only wminimal, and Dbasically biological,
activity asequences, g.2., eating, sleeping,
group interactions, etc. The major findings
and oonclusions were that the hardware was
operational and the experimental setting
ocapable of sustaining stress-free living
conditions for at least these brief 24-hour
pericds. The second phase Of the research
involved extending the length of these
studies from one to three, and then to ten
days of continuous residence in the
laboratory and introducing programmatic
sequencing of perforsance activities. The
major findings and conclusions were not only
that such small groups could be maintained
under stress-free living conditions for these
more extended periods in the experimental
environsent, but also that the sequential
eontingency performance progras was
supportive of both 1gdivldu1 and group
behavioral productivity.

Subsequent program paramseter studies

focused upon the tesporal determinants of
group productivity and effectiveneas under

conditions of performance schedule "pacing®,
1.2., imposed delays between activities, and
of mission extensions of up to sixteen days
of continuous residence in the laboratory.
The major findings and conclusions esphasized
the differential importance of selected
components of the progras, g£.2., B8social
activities, 4in maintaining individual and
group perforsance effectiveness and the
sensitivity of the behavioral program to
reversidble experimental manipulations, {.s8.,
corrective countermeasures, in the course of
extended residential missions. More recent
studies have focused upon both differential
progran requirements for social cooperation
in groups of three participants and effects
on selected performance components of the
mission activity schedule, The ®major
findings and conclusions which emerged from a
comparison of reversible cooperation and
non-cooperation conditions emphasized the
potentiating effects of such contingency
sanagement procedures upon group cooperative
perforsance, on the one hand, and the group
fragnentation which developed, f.s2., sudject
pairing and individual social isolation, on
the other. Perhaps wmost importantly, the
results strongly suggested that cooperative
programming ocontingencies can effectively
prevent withdrawal or alienation of a
potential socjal isolate from essential and
productive group activities.’

Group performance ocohesiveness studies
were then undertaken to investigate
variations in the number of group sembers,
1.8., two of three or three of three,
peraitted to interact socially under
different program oconditions. Coaparisons
between these conditions revealed Bmarked

TR

differences in the degree to which progras
synchrony could be ®aintained, with con-
sideradly more drift separating individual
sudbject schedules under dyadic than triadic
conditions. In addition, individual social
distance seasures derived from observations
of triadic episodes were predictive of the
degree to which a given mesmber would become
socially 1solated under dyadic programming
conditions which limited social interactions
to only two meabers of the group. In
general, low group cohesiveness appeared to
increase vulnerability to social fragmen-
tation in the absence of specifically
progranmed triadic cooperation contine-
gencies,

Perforsance prograe "chaining®™ sequence
studies were then initiated to vary the
degree to which the scheduling of activity
components in the performance program was
deternined by the group participants or by a
predetersined chaining sequence. The
outcomes of these studies in terss of
significant departures froz the performance
program and differential distributions of
selected activities (g.g£., social activities)

under non-chaining conditions with limited
sequential interdependencies among perfor-

sance requirements emphasized the importance
of participant - experimenter interactions.
These observations provided the transition to
a series of special aission studies
undertaken to assess the effects of such
interactions on individual and group
performance.

The first of these special aission
studies focused upon the rule oconditions
under which MTPB and other work assignsents
were  consequated.l! Under “positive®
incentive rule conditions, completion of work
assigneents by individual crew participants
produced corresponding increaents to a group
account which deterained resuneration for
participation. Throughout other successive
days of such a maission, completion of
identicsl work assignaents no longer produced
increments to the group account, but were
required to avoid reductions of similar
magnitude. Comparable performances of
identical value to the group were required,
with the difference Ddetween the two
eonditions being the wmotivational valence
(positive or negative) of the performance
consequences imposed by the experimental
program (i.8., "mission control®).

The results showed that a distinguish-
able and stadle pattern of work performances
and social interactions emerged during the
appetitively-programaed days of such
"missions®. Typically, the ocompletion of
several work periods under the positive
condition was followed by a social episode
which wusvally 4included a ocommon ®meal.
Additional brief work periods then generally
occurred interspersed with {individual or




social recreational interluded before sleep.
In contrast, the segments ¢f the "aission”
with work perforsances avefsively maintained
by avoidance of group songtary reduction wvere
charscterized Dy notaple change in the
relatively stable work{rest patterns and by
progressive deteriors)fion of group cohesive-

of Con-
aembers reported dysphoric
ame openly hostile and vehe-

iment conducted in that series, After
initial days under appetitive {incentive
ognditions, the three-person group was
ssigned an MIPE avoidance oriterion of
12,000 pointa to accomplish on each of Days
3-5. Mission wmembers informally agreed to
distribute the criterion evenly among
theaselves. At the oonclusion of Day &,
however, Sudbject 3 fell bdehind in his share
of work, and he caused the criterion to be
missed by 56 points. Unlike a high-
productivity participant's tolerance of
variation 4an work output during the
appetitive condition, one of the other group
members (Subject 1) became openly hostile at
this relatively trivial shortcoming, and he
reprisanded Subject 3 during an intercom
conversstion at the end of Day 4. Signifi-
cantly, Subject 1 also refused to perfors any
further work during.the aversive condition,
and on Day 5 the group lost heavily 1in
potential earnings as a result, at least in
part, of insufficient personnel to operate
the performance battery on a sustained
basis. Of at least squal importance was the
fact that Subject 1's emotional outdurst and
his refusal to work was, in part, paralleled
by Subject 2 who showed a markedly diminished
output of work on Day 5. Neither Sudject 2
nor Subject 3 showed a compensatory increase
in work productivity on Day 5 that say have
othervise satisfied the eriterion which wvas
sissed on that day by 6495 points. When the
appetitive condition was reintroduced on Day
6, however, Sudbjects ' and 2 again contri-
buted to work output, and, indeed, all
subjects showed the greatest daily point
sccusulations on that final day of the
oxperisent .

The behavioral effects observed in this
last experiment were related to horasonal
levels obdtained from analyses of total urine
voluses oollected throughout the course of
the experisent. [Rigurg j, for example, shows
8 strong overall relationship for these three
subjects dDetween individual MTPR productivity
and sesn daily cortisol levels determined by
radicimmuncassay. 12
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A direct relationship is evident between mean
MTPP points per day and mean cortisol per day
with the crev memdber showing the highest
average MIPB productivity (Subject 1,
omitting Day 5) also showing the highest
average cortisol level, Conversely, the crew
semdber showing the lowest average MTPB
productivity (Subject 3) also showed the
lovest average cortiscl level. Signifi-
oantly, Subject 1 was the high-productivity
participant who refused to work on Day 5 of
the mission, and Sudbject 3 wes the low-
productivity participant who failed to reach
the criterion on Day A of the miasion. These
observations together suggest that sustained
high productivity along with prolonged
perforasnce accuracy on a demanding task may
render an individual vulnerable to disruptive
eaotional resctions such as those provoked by
the avoidance phase of the study. Most
importantly perhaps, these results emphasize
the contributions of @ msulti-dizensional
analysis of individusl and group performance
effectiveness, and they clearly demonstrate
the utility of programmed environment methods
and procedures in assessing the broad range
of dependent smeasures which encompass such an
analysis.
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These foregoing investigations clearly
establish social variadbles as fundasental
contridutors to the overall status of a
confined microsociety, and they emphasize the
sensitivity of such variadbles to a range of
experimental sanipulations having operational
significance. Throughout such studies,
mission participants were observed to aseek
social interaction under one set of
conditions (g.g., cooperation contingencies
and appetitive perforsance outcomes) and to
withdraw from such interaction under other
conditions (g.g., pairing contingencies and
avoidance performance outcomes). Thus, the
Joining and leaving of a group by miasion
participants under circumstancea encompassing
more than & single environmental condition
would appear to generate social effects
reflecting isportant dynamic processes
requiring systesatic experimental analysis,

Accordingly, group performance
effectiveness studies were initiated to
assess the effects on individual and group
behavior of a novitiate participant's intro-
duction into and withdrawal from a previously
estadb’ished and stadble two-person social
systen. The objective of the first two such
studies was to focus upon (1) the social
sechanisss and temporal properties associated
with the integration of such a participant
into an estadlished group, and upon (2)
sources of group disruption and/or
cohesiveness fostered by his presence. In
addition, mseasures of horsonal levels based
upon the oollection of total urine volumes
throughout the courss of the atudies focused
upon changes in the androgen testosterons as
an endocrinological index of demonstrated
sensitivity to social interaction effects in
both antmals'3:'® and humans.' Such a
behavioral biclogical analysis was
implemented to provide a more valid and
reliable assessment of the individual and
social ispact generated by introduction and
withdrawal of new members with an established
group.!

Urinary testosterone levels were deter-
mined by radioimsmuncassay. Following a T2-hr
hydrolysis with beta glucuronidase, the
samples were extracted with methylene
chloride. The sethylene chloride layer was
washed with water and dilute sodium chloride
and then evaporated. The extracts were
purified on LH-20 Sephadex columns. Recov-
eries through the procedure were monitored dy
the addition of a smsall amount of titrated
testosterone added to each sample prior to
extraction. The Sephadex column eluates were
evaporated and taken wup in Ria' bduffer.
Aliquots were incubated overnight at NOC with
s testosterone antibody produced in rabdits,
free and antidody=dbound hormones  were
separated using Somogyi reagents. Radio-
sctivity seasurements were sade in a Reckman
18-250 counter. Samples were assayed in dupli-
cate and corrected for recovery,
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In the first two ten-day experiments, an
initial baseline was established by having
two mission participants follov a behavioral
prograe while residing in the programmed
laboratory environment for several successive
days. Reauneration was a function of
performsance productivity on the MIPB.
Accurate individual operation of the MTPE
produced points which were deposited in a
Joint account to be divided evenly between
the two participants at the conclusion of the
experiment. A daily ceiling of ten thousand
accuracy points, representing approximately
12-16 hours of total work, was in effect for
Group 1, whereas no such ceiling was imposed
for Group 2. After three successive days
under such dyadic conditions, the third
(1.2., novitiate) participant was introduced
into the programmed environaent. For Group
1, the third participant was permitted to
contribute to the other participants' MIPB
accumulations, but he was remunerated on a
per diem basis without regard to  his
performance productivity. For Group 2,
hovever, when the third participant was
introduced as & group member, the contingency
protocol stipulated that only tyo of the
three mission members could work on a given
day, and the other (i.e., resting)
participant would be remunerated based upon
the average MIPB productivity of the two
working participants. After four successive
days under such triadic conditions in both
groups, the novitiate participant was
withdrawn from the programmed environment,
and the amission continued for three
additional days with the original two-person
group. .
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In both groups, the novitiate nmember
showed a gradual, rather than an abrupt,
integration into the estadlished work
schedule which was left free to vary
sccording te the participants® dispositions.
As shown in [Figure S, the novitiate
participant (1.g2., Sudbject 3) 4in Group 1
progresaively contributed to the daily
performance celling until his terminal
productivity on Day 7 was equivalent to the
other two mission participants. Similarly,
as shown in Figure 6, the two ten-day members

ll ..l I v
l ;
| I i 1 2345678090

iz

LSS

Urinary Testosterone (Microgroms)

H Successive Days
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l | ; Figure 7

l terone levels of the established two-person

group members dropped when the novitiate

member was introduced, and they recovered to

. baseline levels when he was withdrawn. Signi-

l I | ficantly, the novitiaste member's testosterone
[ ]

levels were consistently elevated in
comparison to his teammates, and he also

showed corresponding elevations on
“Dominance® factors associated with the pre-
! mission screening Dbattery. As shown in

Figure 8, in Group 2 the novitiate teanm

) 2 34 %5 67 80 9 O
SUCCESSIVE DAYS

Figure 6

in Group 2 refused to allow the novitiate
participant to work on Day &, the first
triadic day of the wmission, despite that
participsnt's repeated exhortations to be
granted permission to work, When the
novitiate participant was allowed to work on
Days 5«7, he demonstrated daily work
productivity not notadly different from the
two ten-day participants. Taken together,
these observations show a significant
resistance by an ongoing group to change an
established and proven pattern of work even
when such a change would have provided relief
fros operating a demanding task (i.s., the
MIPB).

iz il

Urinary Testosterone (Micrograms)

YL,
luzizadiid

An analysis of testosterone levels 20
obtained from 24-hour total urine volumes T2 348567890
. ¢ollected during both experiments showed °
striking, though predictably inverse relation- Successive Doys
ships to the experimental manipulation of
changing the sise and composition of a group.
As shown in Figure 1, in Group 1 the testos-

Figure 8

*Samples were missed on Days 1 and 2.
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mesber showed oclinically 1low testosterone
levels, and he also showed the lovest value
on the pre-sission "Dominance”™ scores. These
observations show the influence of personal
history 1.2., individual difference
variables) and role differentiation as
assessed from behavioral, endocrine, and
paychometric perspectives on the potential
personal readjustments and interpersonal
challenges that a group sust Banage
successfully when a change in wembership
oceurs. Finally, the elevated testosterone
observed in the novitiate in Group 1 and the
low testosterone observed in the novitiate in
Group 2 s=may reflect active processes
associated with joining the respective
established groups, but the absence of
baseline levels precludes such an
interpretation.

Groups 3 and M: Movitiate Baseline Control
Levels

The third ten-day experiment vas
designed and ducted to a further the
effects on individual and social behavior of
a third participant’s introduction into and
withdrawal from a previously established and
relatively stable two-person social systes.
This systematic replication of the two
previous missions focused upon the social and
perforaance effects associsted with the
integration of such 8 participant into the
estadblished group and upon sources of group
disruption and/or cohesiveness fostered by
his presence. Particular experimental
attention was also directed to participants'
hormonal (i.g., testosterone) levels in
relationship to the programmed changes in
group membership. The replication involved
procedural innovations intended (1) to extend
the previous analyses to a sosevhat different
set of experimental conditions with novitiate
participants, (2) to potentiate the outgroup
status of the third participant who Jjoined
the ongoing two-person group, (3) to demon-
strate the reliability and generality of
previous results, and sost isportantly, (&)
to provide bdaseline hormonal levels for the
novitiate before and after his participation
as 8 group meuber.

The two-person group resided for ten
successive days within the continuously
prograamed environsent. Partioipants
followed a behavioral program of contingently
scheduled sotivities which detersined
individual and social bdehaviors, the latter
being availadle on a non-cooperative bdasis
throughout the study. Separate from the
behavioral program was access to the work
station econtaining s sultiple task
perforsance battery (MTPB) and a oeerial
learning (SL) task. Accurate operation of
the MTPB and 8L tasks produced "accuracy
points*® which were deposited in a Joint
account to be divided evenly bDetween the two
ten-day participants at the conclusion of the

experimsent and which deterained remuneration
for participation.

After four successive days under such
dyadic conditions, the third participant was
introduced as & mesber of the group. For
three preceding days, this third participant
had resided in a private chambder, bdut his
behavioral program lacked communication,
socisl, and work opportunities. This three-
day period provided a horsonal baseline
againast which to evaluate the effects of
Joining the group. During the next four
three-person group days, the novitiate
participant was required to operate the MTPB
and SL tasks for his individual remuneration,
vhereas he was paid a fixed per diem on
baseline “"alone®" days. At the conclusion of
this four-day period, the third participant
left the group for s final two-day baseline
period within his private chasber while the
established group returned to its status as a
two=person team.

The results showed that the novitiate
participant intruded  hisself into the
established work schedule on the first
triadic day of the mission (i.g., Day 5). As
shown in Figure 9, the novitiate, Subject 3,
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commenced working at 11200 hours on Day S
which warked the change of day, without com-
sunicating his intentions to other aission
participants. Subsequently on the same day,
he initiated two additional work periods. As
a result of reastions of the two ten-day par-
ticipants to thia intrusion, the novitiate
participant was required to shift his work
episodes to successively later periods of the
day across Days S-8. Finally, the accosmo-
datfon of the novitiate into the work
schedule by the two ten-day




participants 18 suggested by the more
frequent sustained work periods exhibited by
participants while the novitiate was a member
of the group.

A more striking effect of the impact of
the novitiate on the status of the social
aystem is revealed by the changes in wake-
sleep cycles which occurred when the
novitiate Jjoined the group. As shown 1in
EFigure 10, time of day spent sleeping during
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triadic Days 5-8 changed precipitously for
Subjects 1 and 3, and remained comparatively
undisturded for Subject 2.
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#Because of a missed B-hr collection on Day 4
for Subject 3, that 8-hr interval was assigned
the average value of the preceding eight 8-hr
intervals in determining a total value for
Day 4.

An analysis of testosterone levels

obtained from 24-hour total urine volumes
collected during the experiment showed
changes by two of the mission participants as
& function of the two-person and three-person
conditions. As shown in Figure 11, Subject
1, a ten-day group participant whose basal
testosterone values were lov in comparison to
reported normal male levels, showed increases
in testosterone when the novitiate was
introduced into the group, and his values
declined during the final two two-person days
of the mission. Significantly, this
participant was the only group member
expressing irritation with the novitiate
memdber as determined from interpersonal
ratings obtained during the Health Assessment
activity. The novitiate participant, Subject
3, who was introduced into the group on Day
5, showed a narked suppression of
testosterone across the four three-person
days, with a recovery to baseline levels
during the last two solitary days of the
experiment. Testosterone produced by Sudbject
2 was stable after a decline across the first
two days of the mission. Significantly,
Subject 2 showed the least change in his
established wake-sleep patterns whereas
Subjects 1 and 3 showed pronounced changes,
These data suggest that the organization of a
social systen and its subaeguent
reorganization under the specified rule
conditions impacted upon endocrine system
activity as revealed by corresponding changes
in testosterone output among mission
participants.

In Group 3, the magnitude of the drop in
testosterone exhibited by the novitiate in
comparison to such values observed during
baseline days suggested an active process
associated with the joining of the group and
emphasized the importance of baseline
observations on all wmission participants.
Accordingly, a fourth experiment was designed
and conducted to incorporate procedural
changes intended to provide basal hormonal
levels prior to both dyadic and triadic group
formation.

In addition to dyadic and trisdic social
conditions to bde desceridbed, the ten=day
experiment was composed of baseline and work
days. On baseline days, mission participants
followed a behavioral program 1in their
individual rooms, but without having asccess
to work, intercom communications, or social
sctivities, During such baseline days,
subjects received a per diem allowance. On
work days, participants also (followed a
behavioral program which included social
activities and intercos communications, and
they were additionally required to operate
the MTPB for their earnings.

The two-person group participants
resided for ten successive days within the
continuously programmed environment. Days
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1=3 were solitary baseline days with no work
opportunities, and on Day &, hese
participants formed a two-person team with
ocompetitive work opportunities. That is, &
participant'’s MTPB accuracy-point earnings
were deposited within his individual account
vhich was awvarded to him at the conclusion of
the experiment. This two-person work
condition was in effect from Days ¥-6. Also
on Day N, the novitiate participant began his
baseline days within his private quarters,
resaining under such conditions from Days
8-6. On Day 7, the novitiate participant
Joined the previocusly estadblished two-person
group. Days 7-10, then, were triadic days
with all three participants operating the
perforaance battery on a competitive basis.
In summary, the design of this experiment
allowed assessment of androgen productivity
and behavioral factors under baseline
conditions which preceded dyadic teanm
formation and triadic team reorganization.

As shown in Figure 12, the two-person
group developed an orderly and alternating
sequencing of work intervals throughout
dyadic Days 8-6. When the novitiate joined
the group on Day 7, this sequencing
perajisted, but, importantly, the novitiate
participant assumed the most preferred work
interval (i.e., 1200-2000 houra). In
contrast, Subject 1 worked from 2000 to 0800
hours, and Subject 2 worked during the least
preferred time of day (l.e., 0800-1200
hours). FPinally, when the novitiate was a

2 3 4 5 67 690
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Figure 12
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group member during Days 7-10, the work
intervals of the two ten-day participants
were longer and uninterrupted in contrast to
the more frequent and comparatively briefer
intervals observed throughout Days &-6.
Thus, the novitiate participant exerted a
pronounced effect om the routine previously
established by the two-person group.

Vake-sleesp cycles were altered among
solitary bdaseline, dyadic, and triadic days.
As shown in Figure 13, sleep periods for the
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two ten~day participants during Days 1-3 were
synchronous with a typical day~-night
orientation, uninterrupted, and at least 8
hours in duration. During dyadic Days 4-6,
howvever, some disruption in sleep patterns by
the dyadic group 1is evident in response to
those memders' adaptation to the performance
tasks. The most striking change occurred,
however, when the novitiate joined the group
on Day T. Throughout Days 7-10, Subject 2
showed a pronounced and consistent shift in
his sleep period, Subject 1 showed a moderate
adjustaent which extended into the early
hours of an experimental day (which commenced
at 1200 hours), and most importantly, Sudject
3 showed no such major alterations in sleep
patterns in comparison to his bdaseline wake-
sleep cycles established during Days A-6.
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An analysis of testosterone levels
obtained from 2d-hour total urine volumes
collected during the experiment showed
orderly relationships to the observed changes
in wake-sleep cycles and work time. As shown
in PRigure 14, Sudbjects 1 and 2, the two
ten-day participants, showed Iinteraediate
testosterone levela across the bdaseline and
dyadic days of the experiment with somse indi-~
cation of a response by Subject 2 to forms-
tion of the dyad. These levels are
comparable to those exhibited Dby the
novitiate, Subject 3, throughout his baseline
Days WM<6, When the novitiate participant
Joined the group on Day 7, his testosterone
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levels at least doubled, and these
substantially elevated levels persisted
throughout the remaining triadic days of the
experisent. In contrast, testosterone levels
of the two ten-day participants dropped when
the novitiate joined the group, with some
recovery to those levels observed throughout
the six preceding days toward the end of the
experigent.

In sumsary, then, the participant
(Subject 2) who showed the greatest shift in
his wake-sleep oycles when the novitiate
Joined the group also showed a reduction in
testosterone throughout the four triadic days
of the mission. Conversely, the novitiate
participant (Sudbject 3) who showed the least
such shift also showed consistent elevations
in testosterone throughout the four triadic
mission days.

Grouo 5: Sleep Period Control

Because of the consistent relationships
observed between changes in testosterone and
changes 1in wakee-sleep oycles when the
novitiate entered the group in Groups 3 and
N, a fifth experiment was designed and
conducted to assess the effects of introe
ducing & novitiate participant 4into an
established group when the program schedule
held the sleep period oonstant for all
subjects.

The experimental design plan for Group 5
was alsost identical to that for Group & with
no work opportunities on Days 1-3 and with
the following constraint in effect throughout
dyadic and triadic days. Throughout such
work days, access to the work station,

intercom, snd social room was prohidbited
between 2400 hours and 0800 hours of each
day. This restriction was imposed so that
mission participants would 1likely orient
their sleeping to those particular hours,
although they slways had the opportunity to
engage 4in the many remaining 1individual
activities within the behavioral progras.
Pinally, 1in contrast to Group &, the
novitiate participant entered the environment
on Day 3 for four solitary baseline days
prior to his entrance into the group on Day
7.

As shown in Figure 315, when the dyad was
formed on Day M of the experiment, the two
participants (4.g2., Subjects t and 2)
developed an orderly sequential pattern of
work with each alternating work period
lasting approximately 2-4 hours. This
pattern persisted throughout dyadic work Days
4-6. When the novitiate entered the group on
Day 7, his 4integration 1into the grouwp
involved his willing adoption of the
previously established work pattern. Through-
out Days 7«10, the three participants
alternated access to the work station with
each work period lasting approximately 2
hours and changing at about the saze
time of day throughout triadic work Days
7=-10. Thus, this particular novitiate
participant was not observed to csuse a major
disruption 4n the style of working which
developed preceding his entrance into the
group, nor did Sudbject 1 or 2 try to prevent
his recurrent access to the work atation.
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As shown in Figure 16, wake-sleep cycles
were astable for all subjects across
successive experimental days. The time of
day spent sasleeping roughly corresponded to
the interval when the activity restrictions
were in effect. The only exceptions were
observed on Days 5 and 6 when Subject 3 was
resoved fros the behavioral program because
of a minor stomach upset, but he remained in

! .the programmed environment and napped during

the day bhours. These data, then, are in
striking contrast to the shifts in wake-sleep
cycles produced in the previous experiments
when the novitiate becase a group memder.
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The uneventful entrance of the novitiate
participant and the absence of resistance by
the established dyad were paralleled by the
lack of notable changes in urinary
testosterone across successive experimental
days. As shown in [igure 17, no sudject
showed a oonaistent and large-sagnitude
change in testosterone as a function of the
dyadic and triadic conditions. (Sampling
error prevented Day 10 detersinations.)
Subject 1's values were low to intermediate,
Sudbject 2's values were intermediate, and
Sudbject 3's values were high. These data
then, suggest that {rrespective of the
variance among participants’ baseline
testosterone levels, the accommodating and
cooperative character exhibited by members of
this particular group was sufficient to
inhidit econfrontations which in previous
groups were related to behavioral and
horaonal readjustaents.

Group §: Mixed Gender Effecta

The five previous experiments were under-
taken with all-male groups because of the
importance of eliminating major sources of
intersudbject variability during the early
phase of a research progras. With the coaple-
tion of Group 5, however, the data base
appeared sufficiently robust to warrant an
extension of the observed behavioral-
bjological finteractions to & situation
involving a mixed-sex group. Accordingly,
the sixth experiment within this series, and
the last study to de reported in this paper,
involved the dntroduction of a female
novitiate participant into an estadblished two-
person male group.

The design plan of this sixth experiment
was similar to the one used for Group 3, The
two-person male group operated the MTPE for
ten successive days, and each participant's
aceuracy points were deposited within a joint
sccount evenly divided at the conclusion of
the experiment, After four successive days
under dyadic oonditions, the novitiate female
participant was introduced as a membdber of the
group. For the four preceding days, this
participant had resided in her private roon
under solitary baseline conditions. After
four successive days under triadic work
conditions, the novitiate was removed from
the group for two final baseline days while
the ressining participants again worked as a
two=-person team. Finally, wunlike all
previous experiaments, the two sale
perticipants had previously participated &n
an earlier study: Subject 1 was a dyadic
group memder and Sudbject 2 was the novitiate
in Group &,

As shown in Figure 18, during Days V-,
Sudbject 1 worked during the early hours of an
experimental day which began at 1200 hours.
This is sieilar to the hours during vhich he
worked in Group & on Days 3-6. Importantly,
Subject 2 in the present experiment, who was
the novitiate in Group 4, was not observed to
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Group 6 maintain his wake-sleep cycles over
successive experimental conditions as he was
12.00 . observed to do when he was a membder of Group
14004
. 1600 I . An analysis of testosterone obtained
from total urine volumes collected throughout
g 1800 the experiment was notable for the absence of
I large-pagnitude changes across successive
20:00 experimental conditions. As shown in Figure
22 0o} l 20, Subject 1 shows values consistently
g ' intermediate across successive experimental
4 g 24 00f days. Importantly, these values are similar
] 02 00 1 to those observed when he was a participant
* k) ! in Group N (see Figure 14). Subject 2, the
4 E oa00f novitiate in Group A who showed marked
a (= 0600 l elevations in testosterone when he joined the
group, failed to show comparable elevations
E 08 00} when the female novitiate joined the group on
3 1 Day 5. Significantly, in the present
; 10 00 i experiment, Subject 2 did not maintain his
9 12 00} = established wake-sleep cycles as he was
2 53 4 5 67 6 90 observed to do when he was a member of Group
3 Successive Doys 4, Subject 3, the female novitiate, showed a
3 slight drop in testosterone across Days 5-8
in comparison to values observed during
» baseline Days 3-4, Finally, given the
. Figure 18 turbulent character of subjects’ work 1
N intervals and wake~sleep cycles which ;
bd - contrast with the relative constancy of the
§ hormonal measures, these data suggest that
3 this particular group failed to resolve :
: work during the preferred hours as he had in i of lead follower relationships which ;
3 Group 4 on triadic Days 7-10. On Days 1-8 in might have otherwise been reflected in the
Group 6, the work periocd alternations were endocrine domain,
. perhaps not so regular as they were on Days
? 86 4n Group 4. When the novitiate
] participant entered the group on Day 5, she

alone worked during the first 12 hours of
that day, with Subjects 1 and 2 working
during subsequent 6-hour intervals, respec
tively. Thereafter on triadic Days 6-8,
subjects alternated access to the work

station, but no stadble patterns of such
alternation developed, and for all subjects, ramt
work periods occurred sporadically throughout 200 i ' } lI ]
the day, rather than being oriented to a oo
specific time of day across successive days b l
of the triadic condition. Finally, when the o0
novitiate left the group at the end of Day 8, %00
the work sequences for Subjects 1 and 2 Ll
roughly corresponded to those observed during j'""
dyadic Days -4, Il Rk l
» 0400
As shown n [Eirure 19, no sudject oo l l
saintained consistent wake-sleep oycles o 00
across successive days of the experiment, 1 00} I
. Although such e¢ycles were comparatively L1 ‘T‘ - F % v o
: regular during Days 1-% when Sudbjects 1 and 2 ! " 1
i worked as a dyad and Subject 3 lived alone i
s under baseline, when the novitiate entered
: the group on Day 5, wake-sleep cycles were
: thereafter erratic on trisdic Deys 5-8. When Figure 19
f the novitiate left the group st the end of

Day 8, wake-sleep cycles did not show an
adbrupt return to a typical day-night
orientation. Importantly, Subject 2, the
novitiate in Group &, did not successfully
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Diacuasion

The results of these experiments show
clearly that interactive behavioral and
biological processes are prominently involved
in the individual performance adjustments ang
social adaptations of small groups in a
confined smicrosociety. or particular
interest in this regard are the findings
which iamplicate the programmed environmental
and behavioral interactions in at least those

pects of docrine regulation reflected in
the cortiacl and testosterone measurements.
While the positive relationship between cor-
ticosteroid levels and individual work
productivity is generally consistent with the
"catabolic® influence presumed to be exerted
by these hormones on energy nnbousu," the
interactions between androgen levels and both
individual and group performance dynamics
present a more complex interpretive prodlem.

In this latter regard, for example, the
sensitivity of testosterone levels to changes
in group oomposition was wmost evident in
those groups in which work routines and/or
wake-slesp gchedules were disrupted for some
sendbers but resained stadble for others, More
specifically, success in gaining or maintain-
ing access to a work schedule lcast disrup-
tive of established wake-sleep routines was
generslly accompanied by elevations in testos-
terone levels occasioned by changes in the
group composition (g.g., S2, Group 3; 83,
Group N). Conversely, decreases in testos-
terone levels were associsted with ahanges in

group composition that occasioned shifts to
less than optimal work and/or sleep schedules
(e.8.+ 83, Group 3; S2, Group 4). Signifi-
cantly, the participants in Groups 5 and 6
showed little or no androgen response to the
prograsmed changes in group composition. For
Group S5, this outcome was consistent with the
orderly transition in work routines and the
absence of changes in wake-sleep cycles which
sccompanied the introduction of & new member
into this group. In Group 6, however, no
senber emerged who clearly and persistently
provided direction in structuring the
transition between a two-person and three-
person group, and the members' wake-sleep
cycles were erratic,

The suggested interaction between
broadly defined “dominance-subaission® rela-
tionships and testosterone levels in the
present series of studies conforams well with
the observations reported on changes in group
composition and organization in lower
primates, Under conditions which involved
the introduction of a new rhesus monkey into
an existing group, changes in testosterone
levels among higheranking males were observed
to be functionally related to an animal's
success (or failure) in defending his status
in the primate socisl order. Victorious
animals showed significant dincreases in
testosterone levels'® while monkeys defeates
by the group were reported to show marked
androgen level decreases.!9  These general
relationships betwveen the *dominance-
submission® hierarchy and testosterone levels
in subhuman primates were further confirzged
in experiments which involved the merging of
two estadlished groups, with defeated alpha
males showing a decrease and victorious alpha
males an increase in sndrogen levels.'¥ 1t
must be emphasized, of course, that these
studies with laboratory sonkeys occurred
under conditions which involved intense and
enduring aggressive confrontations wunlike
anything observed in the wmuch more benign
exchanges among the humans participating in
the present group interaction experiments.
The general conformity 4{n environmental-
endoerinological relationships described
under these two somevwhat disparate investi-
gative circumstances, however, suggests 3
continuity across species of these funda-
mental Dehavioral Dbiological interaction
processes. -
<

It is, of course, bdoth premsture and
hazardous to speculate on the implications of
the present findings for the analysis of
group performance effectiveness under ocone
fined microsociety conditions. With regard
to the relevance of the interactive endo-
orinclogical relationships observed under
such conditions, however, it seems reasonadle
to suegest that the adaptive significance of
any horaonsl responae can best be understood
in terms of the consequences of that response
at the metadolic level. Although metabdbolic
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research on the androgens has been largely
confined to reproductive functions, {t 1is
well established that testosterone has potent
®"anadolic® properties, promoting protein
synthesis in muscle and many other
tissues?0:21 and potentiating some effects of
dnsulin on  carbohydrate  metabolism.2?
Whether these ®anadbolic” effects of
testosterone and the androgenic metabolites
play any appreciadle part in general organic
or energy metabolisms =must, of course, await
clarification by further investigative
analysis. But at the very least, the present
series of experiments emphasize the
importance of a multidimensional analysis of
the bdehavioral and biological interactions
which deteraine the adaptations and
adjustments of small groups in confined
sicrosocleties.
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