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Introduction

New developments in science in the past three decades, namely, general

systems theory and research, cybernetics, and»information theory have had an

. important impact upon’the physical sciences and, o & lesser extent, upon
biclogy and medicine. These developments'have as yet had relatively little
influence upon new theory or reseaxch iﬂ.the social and behavioral sciences.
Systems models would appear to have most to offer in those fields which
require the specification and study of very complex sets of variables. The
interactions and the interdependenvies of physiological, psychological,
gocial, cultural, and environmental factors present in everyday social
situations, invelving multilevel patterns of energy and informatinn exchange,
represent an extremely complicated array of system characteristics, which have
defied adequate conceptualization and analysis.

In this paper it will noé be possible to review xecent applications of
systems research in the social sciences, but, rather, an attempt will be made
to focus on one social systems model which appears to have special relevance

, for the concept of habitability. The closest approximations to a general.
systems approach in social or organizational analysis may be found in the
study of small,‘closed groups under conditions of isolation and confinement,
such as those participating in extended space missions. FHabitability con-

siderations have become paramount in plauning and designing the engincering,

.
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life support, and personnel systems requ'i.red’ for long~durétipn i‘nteirpianét;zy
missions. It is emphasized that the present at{:.emp't to {mpleméﬂt 'Syéteés
concepts in the arez of social orgainization and group analysis are highly )
tentative. Nevertheless, system conce;:pts appear to offer many advap‘fages',
not only for research design for complex qan-machine- systems such as space-
craft, but in more familiar social situations as well. .

Because the word "system" has many colloquia. meanings it seems desirable

-

. to describe the elenents cf a systems model and to limit the meaning of the

texrm by identifying a number of basic concepts. A system may be defined very
generally as a set of objects and their interrelationships. The pa.rts or
components making up the system may be physical objects or &bstract entiti. s,
The properties of objects are attributes, and objects and their attributes

are interconnected by relationships. This simple characterization does not

adequately define the term "system" but reduces somewhat the irherent
ambiguity of the concept. More complete definitions are readily available
(Hall and Fagen, 1968).

A system is sometimes differentiated from its environment. The environ-
ment consists of those objects and their attribultes located outside the system
which affect the objects and their attributes within-the system, It can'
readily be seen that this dichotony of system ;md environment is artificial
or arbitrary, and for most purposes all interrelated objects and their
attributes may be studied as a single configuration. The point of view‘ of
the investigai:sr determines whether efforts will be made to differentiate
system from environment., The problem of specifying 2ll of the factors in the
environment that affect or are affected by the system may be as difficult as

specifying relevant factors within the system itself. To summarize, "one

<
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iiicludes in the universe of system and environment all those cbjects whick he
feels are the most imporcant, describgs the interrelationships as thoroug@ly

2s possible and pays closest attention to those attributes of most interest,

"neglecting those attributes which do not play essential yoles" {Hall and

Fagen, 1968, p. 84).

]
A distinction is often made between natural systems and man-made systems.

It is clear that any given system can be further subdivided into subsystems
]

. and objects belonging to one sybsystem may well be considered as part of the

environment of ancther subsystem. In the familiar paradigm of the man-machine-
environment complex, it is useful to view pérsons, machines and equipment, and
the surrounding ratural environment as distinct subsystems, involving different
types of objects and attributes, but integrated into a total process more or
less compatible in design and function.

The concéept "habitability" is impossible to define clearly or completely.
Some notion of its meaning can be given by examples of its.use in describing
certain aspeéts of man~environment.relationships. Generally, habitability
refers to the effects that objects in the environment have upon individuals
or groups. These effects may be defined by objective observation and measure-
ment or in terms of subjective responses. More specifically, environmental

objects may be thought of as affecting, s:ngly or together, a wide variety of

* common physiological, psychological, and social variables. The concept of

habitability also implies an evaluative uspect, i.e., whether human purposive
behavior is facil&tated or impeded by the specific features of the environment
under study. It should be recognized that this aspect of the total situation
is not inherent in the operations of the system but is imposed by the goals

and values of the investigator or observer.
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. One may be interested in habitability characteristics as agents, that
isy hov certain aspects of the environment affect perscns in the qyétem, or
as resultants, éﬁat.is, how the at?erutes of physical objects havg.bé;n
determined over time by other elements in the system.,

At least three separable aspects of habitability concepts seem apparent
in common usage. First, habitability is frequently construed in terms of
normative or cultural standards. Common examples are sanitation codes,
building and safety ;odes, habitability standards aboard Navy ships, lighting
standards in school and industry, and so on. Here habitability is a matter
of definition or prescription and may have legal status or be a matéer of
custom. Rarely are normative habitability standards based upon systematic
empirical studies.

A second version of the habitability concept may be labeled functional
or operational. In this view, which is essentially the one advocated in this
paper, the effects of various environmental factors upon specific groups or
organizafions nust be determined by carefully controlled studies involving
many factors. ' Habitability standards or requirements way vary depending upon
specific per§oﬁnel composition, objectives, resources, and other character-
istics of particular social systems,

Pinaily, one could approach the question of habitability in terms of the
unique subjective reactions of and meanings to the individual rather than
looking for tﬁg response pattern of the group as a whole. This viewpoint,

.

of course, is the most congenial to the cultivated sensitivities of the
perceptive artist.,
The focus of the discussion below will be on the application of system

concepts to small organizatjons or groups. Katz and Kahn (1966) in their
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importanf contribution characterizeﬁ humﬁn organizations as gpen‘gyétems with
the common cﬁaractgristics of outside energy sources, input, throughput,
output cycles, steady-state and dynamic homeostatis, ete. Similar poﬂ;epts
have been elaborated by Berrien (1968). A major feature of the Katz and Kahn
system formulation was the provision for continuing transactions with the
environmeﬁt which had been neglected in most earlier analyses, In their

treatment, Katz and Kahn neglected the physical environment, however, which

’
. also accounts for significant variance in organizational behavior, particularly

where the social system operates under extreme environmental conditions. The
central unit of analysis in Katz and Kahn's formulation and in the present
social system model is the organization or social group., Basically, the study
of human organizations requires the specification of group members, the
structure or design for operation and control of the oxganization, the related
machines, equipment, and physical envircnment of the work and behavior setting.
The social system model te be presented was developed to describe various types
of isolated microsocieties as a frame of reference for behavioral resea. ™
relevant to long-duration manned space missions. This model was 0rigina11y

formulated by Sells (1966) and the model is currently being revised and

refined by Sells and the author.

A Social Systems Modei
A social systems model specifies significant aspects of social situations
that may affect human behavior, provides an ovcrall description, and
facilitates understanding of the characteristics of the system as a whole,
The characteristics of the space ship system, which have been presented in

detail elsewhere, will be noted here for pwrposes of illustration or emphasis.
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The concept of a social system is inélusive and embraces all of the
highly interdependené human, environmental, and mechanical c;mpongnts in a
holistic unity which has distinctive purposes as an integrated system.’ The
interrelationship of system purposes and the charae;eristics of ﬁhéir major
components‘is such that, to a large extent, either caé be inferred from a
knowledge of the other. The model is frankly a structural one, focusing on
such factors as group size, membership composition, organization, types of
éoals, site; of activity, equipment, skills, authority, and other dimensions
that characterize distinctive social situations. This model does not include
categories to describe system oéerations, such as the behavior patterns

involved in leadership, management, and decision making. Some constraints of

structure have predictable effects upon function. However, the specification

g of system functions (operations) for the complex man-machine-environment

social systems remains as a next step in the development of a complete model.
The structural model was developed for thé purpose of designing a

standard set of syétem structural characteristics that could be applied

generally as a means of ordering various microsocieties in a similarity

: matrix for taxonomic purposes. As indicated previously, the list of

g characteristics at this stage is necessarily highly redundant and makes no

i provisions for reflecting variations in system states at different times as

the system adapts to new situations. -

4 The system description invelves eight major categories that have general

relevance. These are:

E 1. Objectives and goals

Aé YI. Philosophy and value systems

III. Personnel composition
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IV. Organization
VY. Technology
Vi. Physical environment
VII. Cultural-social environment "
VIII. Temporal characteristics
Eadﬂ of these major factors involves several subcatégories that can be
ordered or scaled for’comparative analysis. The generalized model contains
" many factors appropriate for taxonomic analysis that can be omitted because
of lack of variation where the model is applied within the framework of a
specific cultural group.

I. bjectives and Goals.

This category should be represented by a set of variables of broad
generality which might be the basis of differential description of every type
of human group or organization. For the purpose of distinguishing the space
ship from other isolated or confined microsocieties, the following :even
variables were proposed:

1. Formally prescribed objectives

2. Mandatory vs. discretionary decisions

8. Tormal authority structure

4. Goal polarization

S. Kemoteness of goals

6. Clarity of sucress criteria

7. Success uncertainty (risk)

To these at least four other characteristics should be added to achieve
broad generality. These are:

8. Unitary vs. multiple goals
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9. Degree of competition with other organizations

10. Emphasis on growth -

1. Planned vs. unplanned,

.It is possible that this list should include gome means of characterizing
the. content or nature of the activities to vhich the goals refer but at
present this aspect appears to be adequately coverad by other categories.

: The degree of centralization in decision-making authority is an important
éspect of any organikation. Flexibility and discretion allowed with respect
to implementing organizational objectives.is a critical consideration in
defining role characteristics and interrelationships.

Polarization reflects the extent to which an organization is goal-oriented
with respect to one or more major objectives of importance to its sponsors and
members. Remoteness refers to the time réquired between initiation of an
activity and goal attainment. In the space program, the duration of individual
missions will tend to increase and particular mission goals will become more
remote. Remoteness of goals appears to be a mxjor problem in long-duration
missions. Maintenance of group integrity and motivation of group members
requires filling the void of time with a richly detailed program of activities

that provide meaningful interim goal achievements. Criteria of success in

goal attaimment may vary from confusion and anﬁﬁguity in the case of certain
types of organizations to clearly defined measurable events or outcomes.,

An important consideratiion in any group enterprise involves the amount of
uncertainty in mission success, both objectively and as perceived by the
participants, and the objective and perceived consequences of failure.

Despite the increased confidence resulting from the Mercury, Gemini, and

Apollo prograus, new orbital and interplanctary progrars will bring new

P
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hazards to be faced and both cbjective and subjective uncertainty may be
expected to fluctuate as new programs and missions are activated. .

With regard to mudtiplicity of goals, it is essential that all major
objectives be clearly enunciated because of their implications for organi-
zational struéture, staffing, system operations, etc.

The 1likelihood of successful outcome is increased u;der conditions of
purposeful planning, preparaticn, &nd txaining in comparison with unplanned,
unprepared, accidental experiences.

If competition with other organizations and emphasis on growth are high,

special attention must be given to public support and funding.

Goal definition is concerned with why the social system exists and what

purposes it serves. Organizational goals may be well-defined and explicit or
ambiguous and unclear. Groups obviously mixy ve concerned with many different
goals and purposes, but most groups are most concerned with relatively few
salient objectiver. Goals may be rank ordered for particular groups and the
most significant identified. The usuwal sources for defining organizational
goals are the.designcrs, leaders, and key members. Statements of leaders do
not constitute & complete account of group goals, however, because such
statements may consist partially of idealizations, rationalizations, or even
distortions which obscure functions. Observation of group behavior is a
necessary compliment to the descriptions and definitions offered by group
leaders. Generally, the larger and mere complex the group structure, the
more diverse will be the perceptions of goals and objectives by key group
menbers.,

1I. Philosoohy and Value Svsicenms,

The philosophy and value systens of an organization generally reflect the
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attitudes of ﬁﬁe controlling group with respect to considerations of ethics,
concern for human values, designations of priorities in decision making,-and

other fundamental policies critical for system operation, Whether formal or

2 .
?l informal, every group or organization is guided by Some governing value

b odh g e st A R 4o B &

E system which may range in acceptance by members from complete concensus to
i considerable confiict and which may be conspicuous as in the case of religious
institutions, or coveft. -

A definitive list of factors relating to this area has not yet been

E’ achieved, but the following six items have been specified for the space ship
3 model:
] 1. Cbedience to command |

3 2, Mission emphaéis

A 3. Respéct for individual lives

4. High national priority

- S. Military tradition in personnel attitudes

: 6. Acceptance of traditional national values (the American Way of Life).
Although a general toxonomic model requires system components of broad

generality rather than the specifically tajlored items listed in the épace

analysis, consideration of these items does indicate greater generality than

. may at first glance seem apparent. For example, obedience to command is an

expression of control of member behavior by group authority; mission emphasis

L reflects the cost that the organizational management is willing fo incur to

ﬁ assure goal attainment; respect for individual lives could be stated more

broadly as the value accorded the individual, which say include othex factors,

but in the same general value scale; national priority could be broadencd in

terms of preeminence in social esteen; the military tradition reflects a set
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pflattifudeé :égardiﬁgwacégptanée of ggrébna1>$érdships‘and agstérity,
\mégculihitQ, ind patriotism; and similarly the "Amefican way of 1ifé?‘imp1ies
conformity with the dominant mores and values of the society.’A '

“The aspect of organizational philosophy’of most sgeneral interest in the
present context involves the values accepted with respect to the relative.

imporéance attributed to alternative goals and alternative means, costs, and

xisks related to the attainment of the preferred goals. With the exception of
‘ ’ -

formal religious organizations, the governing value systems are rarely avail-
able in documentary form, but must be inferredﬂfrom 4 variety of sources, such
as the record of critical decisions made, key appointﬁents, sPeechés, and
directives (as well as selected correspondence) by key officials.

Further study is necessaxy to arrive at a nuclear set of values that:
would apply to a wide range of organizations. Such concepts as the "golden
rule"; respect for women, children, and aged persons; competitiveness, the
YProtestant Ethic; concepts of fairness, honesty, loyalty, and responsibility
and the "good life"; attitudes toward wealth, power, possessions, comfort, and
status are examples of important general social values.

It is apparent that many of the values suggested or specified here are

inter@elated with the items outlined below under personnel composition. And

it is evident that this overlap might be reduced by multivariate analysis.
Nevertheless, in specifying the model, it is desi;able to distinguish |
explicitly between values subscribed to by organizations, in their respective
formal. documents or traditions, and those held by their members, even though
convergence is expected in normal experience.

The culture model of the manned space program in the United States has

been almost entirely that of military aviation. Although a few astronauts

B
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‘Were ‘récruitgd from civilizn life, even thes: received their mijor relevant

: -Q:gerienée in military service. The concepts of crew ,oréa’nizafion and

opération c#rriéd over- from the militéry tradition have beén accép?ed'and
undeistood by personnel throughout thie organizat;o? and‘kay be reg;rded as
institutionally established, Unless major argumentslcould be presented,
resistance to any proposed changes would be expected to.be great. In general,
these and the broader cultural values identified earlier are not expected to
be amenable to or td require change in futﬁre nissions, although the problems
of integrating scientists, who often do not identify with the military

tradition, have already become apparent.

I1I. Personnel Commposition.

The high interdependence of system components is exemplified by the fact
that optimal personnel selection tends to be guided by éompatibility with
goals, values, technology, and other systen characteristics. The historic
preoccupation of psychologists with individual differences has made the
specification of characteristics of members of space crews or other organi-
zations the least difficult task in the construction of a social system model.
A comprehensive set of descriptors of individual members could include:

1. Inéellectual level

k. Education

8. Extent of relevant training

4. Extent of relevant experience

S. Pe;sbnality factors
6, Character and moral traits
7. Physical characteristics

8. Abilities and yequisite skills

el
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9: Motivation to participate
10. Sex
11. Age ’

h e

12. Sogial levels or divisions
13, Rank

In addition to thése descriptor items of general applicability, two others
have special relevance to the space ship social system. These are;
(1) heterogeneity of pErsonnel compesition on individual characteristics,
particularly with reference to passengers (e.g., scientists) who afe,not an
integral paxrt of the crew, and (2) rxank distribution or subgrouping, i.e.,
whether the crew is composed of officer-type personnei cnly, as in Gemini and
Apollo, or of officer and enlisted'ranks, as in naval sh;ps and submarines.,

Variables in this category might be examined with respect to the upper
and lower limits of intellect, education, training, experience, specified
personality and moral characteristics, motivation of members to participate,
deaication te missi;n, physical requirements, required skills, age range,
sex, marital and parental status, religious background, gnd the like. This
inventory might properly include the entire range of individual differences
and demographic characteristics., However, in the present context, it is
believeé that most of the relevant factors have been enumerated. Tﬂe well-
known bases of astronaut selection have, &t least thus far, proved success-
ful, although it is not possible to examine many of the criteria critically.
To date, the aét}onaut group has been dravn, first from a sclect group of
military test pilots with extensive jet experience, and more recently from a
heterogeneous group of men with this or other relevant scientific training.

In 211 casces, intellectunal, motivational, emotional maturity, moral,
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trends in the 1960's, toward increased penetration of masculine occupations

’
and roles by women, may accelerate in the 1970's o a degree that research

;
E
e

W REETIN
R T

indesen R TR
educat;onal, and physical standards have been exceptionally high. jﬁ?
Sex. Heretofore V1rtua11y every p§0posa1 to include women in the space
probably reflects cultural bias and 1s ngtfsupported by scientxfic ‘assessment }
of performance capability. AdmlsS1on oftwomen to the space crew might create /
. serious problems in the masculine world of space operations. However, broad ’ !

oriented toward operations in the 1980's might well include objective review

of the merits of female participation. .

v.

Organizatione.

Eleven organizational variables are proposed for the space ship model:

1.
2.
3,
4.
S.
6.
z.
8.
9.
10.
11,

The

Formal structure
Prescribed roles

Command structure
\

‘Centralized authority

Chain of command, with provision for succession
Back-up and support organization

Autonomy with respect to goals

Prescribed discipline .
Prescribed social distance among crew
Congruence of rank and crew status

Groub.size.

overlap among several of these items scrves to emphasize salient

facets and should perhaps be reduced in a working model.

It is necessary to examine organizational structuvre in terms of the
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% degree of formal structure invélved, organizational complexity and formal N
2 P . - 3 . B b i I 3 ] & _ o . ) :Jv'_: P
< . provision for authority; decisior-making and direction (command). ihese S
I AR : ? . : 4 . : A
S considerations involve centralization of authority, ~anctions permitted, S
: f ‘provisiofis for succession, chain of command, and the power and role structure. o
H - %y R - i
© % o . T . . 9 ) R 4 . ' {
Other factors include autonomy, control cf member behavior by the oérganiza- i
) . :

f- ‘tiona) authorities, degree of participation of members in organizational
activities, and degree of stratification of ranks or echelons. ' :

The question of &uthority brings in formal documents, such as constitution,

laws, directives, and the like, which may -specify cbjectives and goals, as

m“mkx QLU s pey RRASHES S C e iy o

well as the limits of authority assigned to various offices and roles.

The organizational structure for the Mars fly-by crew will be signifi-
cantly affected by overall mission constraints, such as long-term confinement
and extreme remoteness from the support organization. Mﬁssion goals will be
worked out in elaborate detail, and crew organization and responsibilities
will be formally prescribed. The spacecraft commander would be expected to
assume & great deal of authority during the mission, and formal provisions
would need to be made for succession of command, Stxatification in terms of
authority or status among other crew members would tend to be minimal, and
status leveliﬁg would be characteristic. A high degree of participation in
solving organizational and technical problems would be expected of crew
members, but ultimate decisions affecting the crew or mission would rest with
the crew commander. Organizational rules pertaining to housekeeping dut&es,
socjal activitiés, utilization of spacc and facilities, etc., would need to
be clearly spclled out in advance of the mission after full discussion and
participation by crew members. Crew members would have a large degree of

autonomy in the praclice of their technical specialtics, and organizational
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_ céfitrols would intervene only if conflicts #rose in use of resourcesor . -

. jjefq;x,ifgmqnf or if work pgrforirﬂx,i@é.dé’ifériéxjafed"’. '

 miy be expected in extended duration missions.as a result of their duration

Although the organizational characteristics of the Mercury, Gemiii, and

e el

Apbllo prégrams and. space crews can be fairly well‘aespribed, cerﬁgin;changgs
* - v -+ - -

1= o

<

aﬁﬁ&*i§¢1afion. The organizational patterns of the Mercury, Gemini, and~Aﬁollo

.

programs, with respect to overall structure as well as crew organization

"'resemble closely those of military aviation, with much of the command

responsibility held by ground command. However, onboaxd responsibility has
gradually increased, most notably in the Apollo program. In locking ahead to
the Mars mission and other extended duration efforts, there are grounds for
expecting the transfer of much more authority to the space ship commander.

As this transfer develops, problems of assuring integriéy'of command in the
isolated space ship may become more acute.

The principal change affecting the social system structure forr future
missions in respect to the elements outlined is most likely in respect to
group size. Although final decisions will involve trade-offs with many
engineering considerations, it is likely that the crews of orbiting space
stations and:planetaxy space ships will range up to numbers permitting shifts
(watches) and subgroups, involving considerable complication of organizational
relations. The simple triad of Apoilo will be inadequate as backgruund for
planning organizational patterns for crews spending extended periods in
isolation. The research problems presented in this arca are indeed formidable.

V. Technology.

Space technology is advancing at such a rate that planncrs must be ready

to forecast oxpected developmnents that are not yet perfected in censideration
¥
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new.prOPellants, siich aS‘nuclearvpomer, new<means oﬁ communication, such.as

¥ ‘lasers, improved 1ife support systems, and. the like,. to. be taken into ‘eon= \

AL

,3sideratian in. conceptualiz;ng the tasks, eqnzpment, qpartera, and other

A aspects of ‘the space ship social system. The-seven.systgmydharactgristics' f
&gé : ’ . e - . i . :
- . related to technology are: (1) degree >f technologic complexity, (2) relation ‘
Eoo to the aviation tradition, {8) use of simulators and other technical

" training devices, (4) degree of preparation for missions, (5) use of technical
communication procedures, (6) physical preconditioning, and (7) sci;ntific
principles involved in operations.

It is almost meaningless to discuss personnel organizational behavior,

--and other system characteristics without taking account of the nature,
complexity, characteristic.0perations, and traditions implied by the
technology involved. The technology not only makes distinctions, such as
between jet aviation and the earlier piston~propeller era, which involve
differences in speeds, altitudes, schedules, and psyload, but also between
personnel typeé, traditions, training, and other significant factors assoiated
with the respective technological fields. The technology of the space pfogramé
is still developing, although it follows the acrospace tradition. Among the
peculiar aspects are the overwhelming significance of intensive training in
anticipated emergencies as a means of insuring reliability of performance,
the high level, of training, experience, and skill required of crew members,
the glamor associated with astronaut status {which recached new highs with the
Apollo program), and the high risk associated with the very masculine (in the

United States) astronaut role. The space techiology has crcated new jobs,
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vnew vocabulary and tedhnical jargon, and is regarded as.one of fhe frontzexsii‘

'of human advancement. The -type- -and extent of training and preconditloning

provided participants are«related to this section. = . I

At any given time tedhnolcgy may represent constraints to be accgpted

rather thangaridblgg to be studied except to the extent that one has avail~
, abléjtradeadffs:whidhvaré not precluded by cost priorities (velues). At all
" times technologic complexity partially depends upon costs and available

‘vesources. Whether or not better foods, more space, etc., become realities,

technology looms first in planning considerations and should be thought of
as it will exist in fherfuture rather than at present.

Changing technologies may result in subtle social system changes that
need to be sought out and evaluated; for example, shifting from an emphasis
on electrical engineering to automated electronic systeﬁs might reduce
reliance on on-board navigétional skills or on-board maintenance of
comnunications systems.

As mentioned above, technolegical developments will be needed to make
long~duration space~flight a reality. Although the developments expected,
in fucls and power sources, life support systems (including regenexrating
oxygen, water, and food), food preservation and preparation, habitability,
communication, &nd other vitally important areas, can be regarded as further
elaboration of methods presently conceptualized, ;ach may have specific
implications for safety, comfort, communication, and recreation, as well as
work that will require careful evaluation., There is évery reason to expect
that life aboard a space ship of the 1980's will be vastly different from
the "primitive" conditions of the 1960's; to the extent that these develop-

ments can be taken inte account in long-range planning, even subject to
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revision periodically, such information should be of vital iippq:tatice;._

. Vi, Physical :E‘m{ironmér‘_gp

jhe_ rationale for ‘each of the ‘eight environrent fac_ﬁor,é should: be clears

Tﬁé gultﬁrai and social euvirorment 1§ included as a separate maj oi' category

e )

below. The eight factors areé:

1. Persépuél protection, maintenance, and life support ~

2. Isolation (remoteness from base)

8. Presence of.enviionmental hazards

4. Degree of space restriction and confinement

5. Endurance demands .

6. Stati~ or maneuvering situation

7. Internal and external communication perﬁitted

8, Evbedded environmental stresses.

Among the significant characteristics of various social systems are the
distinctive features of their micro-environments, which have implications for
the level of risk involved and the nature ard magnitude of stresses
encountered. The space environments are principally two, the space medium,
which is unfriendly and hazardous to man, &nd the space ship and equipment
which protccf him and provide a supportive environment that enables him to
function and endure in space. In extended duration missions, with prolonged
enforced isolation and confinement, the protective capsule itself msy be a
major source of social stress, compounded by the period of time during which
erev members must share the unnatuvrally confined quarters as work, living,
recreational, and quasi~-personal space. Here, again, is an unprecedented
experience for man, with only fragmentary sources from which to extrapolate

estimtes of nceds and reactions. Several additional aspects of the physical

s

NN
s B e e e gD b i




b‘?«r A e "(F’\-%Egaq‘g‘ (2 i RS LS NS P R o7 o = .5’“ “W”’ K)“’*‘WWW‘@WW‘W.‘W ﬁ'}ﬂ ,DAV ,.? PG A ‘%‘t

e ’ s

7

:

W e em T A . 5

B — :

i - .

- ; :
Y - .« . H
%‘3 P e e - ~ 20 !

¥ - Gunderson - - . -

G (PR IR AN
e

ey
RCaoR Ao

‘éévifonméht, which'#ie also related to the technology, involve the

diStinbtions/betwéeg'a maneuvering operaticn and a static environment,

.
=y

between extended exposure to enbedded, but not intrusive stresses that lurk
L around the limits of system protective integrity, and occasional, inszdlous
exposure to highly threatening conditions, and between organizations that plan
and prepare means of coping with the hazards expected and those that are
; cgught unprepared. It can be stated that the space ship is & maneuvering
éroup, exposed to embedded, but not intrusive stresses over long periods,
whose preparations for coping are exceptionally thorough and, until now,
effective,
: The space environment is a formidable and hazardous medium, but even.in
3 the brief span from Mercury to Apollo technological progress has produced
3 ‘ protective garments of increasingly greater comfort and mobility, shirtsleeve
H conditions of fiight, improvements in food and personal hygiene, maintenance
and repair capabilities, photographic and communication advances, maneuverability,
: and power sources that encourage further.efforts to invade its depths. Despite
: the most optimistic prospects for even greater progress in control capability
in the space environment, a number of specific problems remain to be evalu-
ated, such as prolonged exposure to zero g, and new ones can be expected. The’
possibilities of new requirements for astronaut selectlon and of new measures
to support effective behavior in relation to the 1ncreased psychological
stresses of prolonged exposur. to isolation and cenfinement, have been
intimaied above. As engineecring mastery of the capsule environment advances
it appears likely that greater attention will be focused on psychologicul

problems of the samcness and monotony of swrroundings, companions, food,

entertainment, and other aspects of space ship living in which variability is
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minimal. Approaches to thée understanding of these problems and compenéatoxy
measures, possibly by expleitation of communicatigns technology &nd task
programming possibilities may provide new means ;f enriching the lives of
lonely astronauts.

~ VIIL. Cultural-Social Environmgnt.

The major uvtility of this section is that it calls attention to the
geographic, linguistic, technologic, economic, political, scientific,
religious, aesthetic,.and social culture that provides a learning context and
a frame of reference for the participants in 5 microsociety and its sponsors.

For any comprehensive analysis, it should be néted that Murdocﬁ and his
associates (1961) distinguished 88 significant categories in their Qutline of

Cultural Materials for the Human Relations Area Files developed at Yale

University. A modified list of these social cultura’. categories was adapted
from Murdock and presented in earlier versions of the social system model

(Sells, 1966)., The categories include language, demography, history and

culture change, total culture, communication, records, food quest, animal

husbandry, agriculture, food processing, and other categories pertaining to

modes of living, industrialization, economy, education, art, religion,
organization; stratification, and other jmportant aspects of cultures over
the worid.

" Although many of these items were intended to apply to large-scale social
systems and cultures, examination and refinement suggest that they nmay have
significant aﬁélogs in a "microsocicty" perspective as well. 1In any case,
the list is instructive as a guide to the complexity of the social-cultural
environment which may influence organizations and their . 'stem characteristics.

The American culture is undergoing rapid transition., Most of the

astronauts eligible for Apollo missions nay be too old to be considered vhen
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crew assignments are scheduled for the first Mars mission, although many of

them will be available to participate in orxbiting laboratories and other
intermediate projects. However, assuming that crew members recruited for
E future missions will represent later generations of American youth, it may

e . Yot
1 be wise to examine trends in culture norms with respect to significant atti-

v et Al e e B Ea A 3

JOPER

tudes and values relevant to participation in space activities and long-range ' !

missions in particular. Assessment of cultural changes and cautious
éredictions.of their effects on new personnel entering the program in the

i " future may be as important as comparable efforts, recommended above, to take
into account changes expected in technology. For example, some differences
: in nutrition, physical standards (height and weight), and educational levels
might be anticipated in later generations of astronauts.

5 VIII. Temporal Characteristics.

A very important aspect of every social system is its temporal character.

oyt S o

For the space ship system model, three temporal factors are relevant. The

first relates to the duration of exposure to isolation and confinement in a

e A R

4 continuous mission. The second is the total time involved, including pre-

T

paration and post-mission quarantine. Finally, the extent to which euch

gl

: daily cycle is fully occupied is important; on & space ship this is total,
in contrast to work situations while living at home which provide wany

relaxing discc.tinuities and respites from sameness and boredom. An effect

Rhdus

4 of the total enviroument, which may be mitigated to some extent by scheduling
fi and by the provisicn of opportunities for privacy and solitude, is the

i vagnification of interpersona) stresses generated by the enforced close

i contacts,

Isolation ray exteud from brief exposures, as in many experinents, to
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-extremely 1ohg,peti9ds, as:inwcértain:ciagsical cases of:im?xisénmqht. The
stress of isolation is believed to increase as a funétion of durdtion. Long
before the voyage of Columbus and many,times\sinéégAships‘ crews fuggfiohéd
effectively in isolation for periods comparable to those cufrently'éétimated
for a Mars mission. The critical importance of dﬁiéﬁion'incréaées,,hOngér,
gé”tbe»effgct;~of close confinement and other stresses gxencoﬁpounded.
.ReSeaygh.bﬁﬁpro}ongedhcgnfinement‘is difficult, principally because of
the ﬁgcessiﬁy to ‘achjeve realistic simulation, which involves impleméntaticn

of the total social system in the simulation study. Too many simulation
studies have fallen short of'the-necégsaxy criteria of realism to p;odpéé
iﬂformation‘of significance for extrapolation to impértant projects, An
example of an effort to incorporate a realistic -approach is given in a reeért
paper (Special Panel, 19699 to\illustrate'poséibiliﬁiés.that eXist vwhen the
issues are accepted as seriously relevant and when éffo:ts are made to secure
necessaxy resouxrces to accomplish the research on the basis considered
necessary, While the shortqpmings of this égrtiéular study may be apparent,
the principles formulated‘might serve as guidelines for research oriénted |
generally toward behavioral requirements of social systems of long-duration
space vehicles. |

The social ;ystem model presented above represents a miniml set of
system characteristics, oriented principally towa%d description of a two-yeér
Mars mission. The categories cutlined under the Personnel Gompositién,
Organization, and Physical Environment sections recently have been expanded
in order to éonduct comparative analyses of another fype of isolated and

confined microsociety, that of Antarctic scientific stations. Annually

several small contingents of scientists and Navy men cccupy extremely remote
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bases on the Antarctic continent in order to carry out scientific programs
sponsored b} the Naticnal écience Foundation. Tﬁese groups constitute closed
ecological systems in that no new personnel or supplies reach the stations
over eight months or more of the Antarctic winter, Tbesé small isélated
.communities are the only available sources of reséa;cﬁ data presently pertaining
to long~texrm individual and group adaptation to conditions of confinement,

*  restricted activity, high social interdependency, and severe envirormental

_ threat. In the next'section, habitability problems in the extended duration

Mars mission and, to a lesser extent, in small Antarctic communities will be

described in some detail.

Habitability Considerations for Long~Duration Space Missions

The purpose of this section is to describe the spacecraft environment
for prospective planetary missions in general terms and to evaluate the
implications of crew size, cabin volume, length of mission, together with
isolation and confinement, and potential bazards for habitability and human
adaptation problems.

Major objéctives of the first missions would presumably include (1) flying
in close proximity to a ncaxby planet (Mars) and returning, (2) insuring the
health and safety of the crew, and evaluating hunan adaptation, and (3) gathering
new scientific data concerning neighboring planets and the solar system.

Three types of missions are projected: (1) a'bars fly-by with a duration
of about 500-700 days using chemical or nuclear propulsion in the last half
of this decade; (2) a Mars orbiting mission of about 350-500 days duration
using nuclear propulsion around 1980, and (3) a Miars landing mission with a

350-900 day duration using nuclear propulsion possibly around the middle of
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3 the next decade.
% The considerations to be discussed apply primarily to the genotype of a
] Mars two-year fly-by mission. Space missions of such length pose a vast
array of problems relating to life support, habitébﬁlity, and successful
3 " human adaptation. None of the fundamental questions pertaining to man's

capacities during planetary space flights can be answered with prese...
knowledge because of ,the unprecedented conditions of close confinement, 1ong-
! duration, and zero-gravity.

The size and make up of the crew is presumed to depend directly upon the
essential functions to be performed as well as upon constraints imposed by

logistic and life-support requirements, including available cabin space.

ATRE4E

Crew sizes for post-Apollo orbital, lunar, and interplanetary missions are
indefinite; some tentative assumptions can be made concerning crew size and
composition in order to provide & framework for meaningful discussion.

For the Mars -fly-by the crew will probably consist of five or six members,
and these essential roles or functions probably will be represented: (1) space-
craft commander, (2) life-support systems enginecr, (3) physiciar-biochemist,
(4) physicist~astronomer, (5) electronics-communications engineer, ahd
(6) computer-data systems specialist. The last twc roles could most readily
; be combined if space limitations were to restric{ crew size to five.

The dimensions and shape of a Mars type vehicle are not yet known. The
4 model most frequeatly used for planning exercises has been the S-IVB Orbital
Workshop. This vehicle would consist of - cylinder 22 feet in diameter and

about 29 feet in lenglh and would provide approxirately 11,000 cubic feet of

RV Gy R T
NV 3 TR IS e T R R AR

space,

Space cabin volume requirersuts for prolenged missions are not known at

v g
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this time. Plans for space station vehicles, carrying 4 to 24 men for as long
as 12 months, providé for 300 ‘.0 700 cubic feet ber man. Such projected

volumes sre based upon rocke: booster capabilities rather than on knowh

_ habitability requirements for particular periods, hovever.

Fraser (1966) attempted to define tolerance limits for degree of confine-

ment (free cabin space) over short periods of exposure. ; His analysis of space

flight and simulation data suggested that confinement of an individual or
éroup in a relatively small space (1.00-150 cubic feet per man) would result
in detectable impairment of functioning within about 4-5 days. The Apollo
crew with only about 80 cubic feet per man predictably mani”.sted physio-
logical problems after 14 days.

The comparatively large volume of the S~1VB Workshop would appear to
provide adequate living space for a crew of 5 or 6 depending upon the space
requirements for equipment and supplies. Given approximately 700 cubic feet
per man for living quarters and recreational areas, proper design could
result in relatively spacious, attractive, and comfortable accommodations for
short-term occupancy. The adequacy of such accommodations for long-term
exposure would depend upon many factors other than cabin volume per man as
outlined below,

P;ovision of individual sleeping compartménts and limited storage space
for personal property would appcar to be an essential requirement fer extended
missions. FExperience in Antarctic groups and other confined siluvations have
indicated that sharing of slecping quarters and personal space by two
individuals over long periods imposes a8 scrious risk of escalating minor
interpersonal frictions into rajor conflicts of unmiminageable proportions.

Needs for privacy, solitude, and territoriality becowe acceuntuated even in
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short-term confined living and tend to intensify over time.

One guiding principle in cabin design might'be the creation of familiar
configurations and the simulation of normal earth living insofar es

practicable. Another useful principle might be the creation of as many
) .

different and distinctive behavior areas or settings as feasible, corresponding

to familiar ”r?oms" in earth habitation. Isolated groups in other settings,
such &s the Antarctic, go to great lengths to preserve or create semblances
o% the home.eulture, ncluding familiar usages of space and symbolic objects.

Modular construction of spacecraft interior surfaces (walls, floors, and
ceilings), consisting of easily bolted panels, would permit flexibility in
the utilization of available space. Space requirements and preferences of
crew members could very well change considerably over time, and the possi-
bility of adding, nmodifying, or rearranging rooms and cﬁbicals would be
highly advantageous. As food and other supplies are consumed, storage areas
could be converted into useable living space.

A emaller model for space cabin volume and layout is provided by the
McDonnell~Douglas space cabin simulator, which is a cyliﬁder 12 feet in
diameter and 40 feet in length (4,100 cubic feet). A 60-day earth-orbiting
simlation conducted with a four man crew revealed a nurber of minor
habitability problems in the initial configwration of living space and 1ife~

support equipment. Crowding did not appcar to be &n important problem for

this relatively short period. Food, noise, and restricted water supply proved

to be sources of minor annoyance. Improvements in cabin design for the
cwrrent 90-day test in the same simulator included reduction of noise levels
in crew living quarters by grouping life~support equipment and other hardware

duay {rem the sleeping arca. Maxiram free walking space was rade possible by

1
P

S e P el 3 S b R, O G




TR AN T A T S PP B T8 P T o T o T T R T R S Rl o B N S G T Ll A SR S il
A > TN A P d

O e

Gunderson A ' 28

R N
B LIRS A
¢ ey e

- careful arrangement of equipment, facilities, and storage areas.
“Confinement" and "isolation" are arrbiguous‘ texms. They have many

3 . meanings in common;usage and usually do not havé reference to clearly denoted

or standardized environmental conditions, even in experimental studies. In
W

many situations it is difficult to know whether the behavioral effects
observed are ﬁttributable to isolation and confinement or to other aspects of

+  the total situation.
) In the present tontext it is useful to relate confinement to the volume
of free cabin space per man. Free space is that area not occupied by equipment
or fixed structures within the cabin. A number of'dircct consequen;es of
living in a small enclosed space are usually present to sume degree; among
the most important are enforced interpersoral relations, limited or non-
existent privacy, reduced variety in sensory stimulation, and restricted
physical activity. The extent to which these usual accompaniments of confine-
ment can be eliminated ox mitigated have an important bearing upon tolerance

' for confinement.

The boundaries of the spacecraft environment could be significantly
extended by means of extra-vehicular activity during long missions. Extra-
vehicular acéivity, because of nigh energy costs, might be restricted to
essential checking and repair of equipment on the exterior surface of the
spacecraft, but even this limited extension of the sphere of movement and
activity would represent an important departure from routine confinement.

Isolatich.usually involves the notion of remoteness or distance from
civilized society or time required to recestablish physical contact with that
society. Psychological isolation ir the present context refers to the kinds

and amount of comuniecation possible with persons outside the space capsule,
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It can be anticipated that significant amounts of information will be trans-
énitted to and from the spacecraft daily, partly mitigating the effects of
extreme remoteness from earth. The information from the spacecraft p;esumably
- will consist largely of scientific dat':a and data reflecting the stai;us of
spacecraft.syx_stems. Much of this information will be gathered by sensors and.
processed automatically. '

It should be possible to transmit news and entertainment on a regular
'!;asis from earth for 'delayed television viewing aboard the spacecraft. Such
communication from earth obviously would be of enormous importance in supplying
variety in visual and auditory stimulation. Intimate or private pe.rsonal
comwunications with significant individuals outside the spacecraft would not
seem practicable, however. This type of deprivation could have important
psychological implications for crew members with strong family ties and
affectional needs.

The length of time required for transmitting signals long distances would
effectively precluae the intervention of the ground support orginization in
case of sudden emergencies aboard the spacecraft. Several minutes wowld be
required to transmit information from the vicinity of Mars to earth and an
equal time reéuired for a response. Almost one~half hour could elapse before °
any response to a distress call would be received at maximum distances from
earth. Thus, decisions under sudden emergency conﬂitiqns could only be made
by the spacecraft commnder and crew.

The long périod away from the earth culture would require consideration
of means to facilitate '"paychological re-cntry.” Men isolated in Antarctica
for one year sometimes experience anxiety and social disorientation when

returned to noril socicty.
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Mission duration is of salient conéern in the planning of interplanetary

voyages because of the direct relationship of mission duration to many

1

R e e s

..+itical personnel and technical requirements. About one year is considered
the minimum length of time for voyages to other pléhefs. Space technolegy ;
could not provide the type of high-energy propulsion necessary for such a ) .

"fast" triﬁ in the neaxr future. Low energy missions of approximately two

years duration are considered feasible in the near future and voyages as long

as 900 days are foreseen in the next decgde (1920's). The most important
determinant of mission length will be type of propulsion. Nucleax prOphlsion
will offer enormous advantages in power and payload capabilities in spite of
extra weight for shielding.

Mission duration, confinement, and tctal dependence upon life support
systems, of course, compound the threat from hazards enéountered in flight.
In the event of catastrophe beyond a few days® travel from eérﬁh orbit,
rescue or survival-would appear impossible at present. In tfme, techniques
for search and rescue of personnel from a '"life raft" in outer space may be
developed, but for the near future major failure in a spacecraft system or
.serious accident would mean certain death for all occupants. All emergency
measures must be oriented toward survival inside the spacecraft.

The longer the mission, the more serious wouiﬁ be the problem of the
build up of contaminants in the cabin atmosphere. Investigations have just
begun on contaminart toxicology in long-term, closed life-support systems.
Early studie?’with animals indicated that continuous inhalation of low con-~
centrations of erdinarily nontoxic contaminants for 90 days can adversely
affect health and even cause death, Unexpected toxic contaminantis have

caused alarm or abortion in at Jeast twe simulation studics. Humn tolerance
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umits for large numbers ‘of potem:ially deletenouz. trace contaminapts must

be 'detemine/dwcvgrt long exposure Periods. Severe constraints xray e pla d -
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upon the kinﬁs of materiale carried on the spacecraft.
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vnmanned flights will provide 8 great deal of information concerning . 4

SV DU

hazards from meteorites or- asterqids. Animals carried as passengers of- long

P o

~unmarmed space probea could provide evidence eoncerning evéi‘ify: of ‘%adié‘fioq ‘

exposures. and tgst‘ radiation protective équipment, A portién of t'héjééa,cef

- cabin would need vsp,ocialf shielding for protection when higher levels of

radiation were encountered. Radiation rrgonitoring and ;proi:ection wou']:dv be a

Even with maximum provisions for safety and habxtabllity, the crew would
inevitably experience severe deprivations in many areas of personal needs and
normal gratifica'tions due to the extreme confinement for a long period.
Studies at small scientific stations in Antarctica (8-30 men) have shown that
the probability of irritability and depression, sleep disturbsnces, boredom,
social withdrawal, dissatisfaction, and deterioration in group organization
and cohesion varies directly with the degree and length of isolation and
confinement; many other factors also are important. The usual discontinuities
in social rélationships vhich permit dissipation or displacement of normal
tensions will not be possidble in the spacecraft environment, and variety and
novelty in interpersonal relations will be nonexistent. While recreational
and educational interests and pursuits would assume greater imporvance in
these circumstances, the likelihood of individuals injtiating such activities
tends to decline with long-duration confinement in the Antarctic.

Appetite; food acceptability, and adequate nutrition would represent

significant. problems during long missions. Weightlessness and low activity
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é_ é ~ Yevels.could have a profound effect upon. caloric needs énd body mass over long ;
?ﬁ % vperiods. This possibility .can onxy be evaluated xealistically by long~term ‘
; Z exposure ‘to zexo. g and confinement conditions. "Food ‘and its palatability~tenﬁs

i j to take on -added signiflcance in isolated groups, prabably due to the absence

éz S ,‘of other gratifications and the symbolic significance attadhed to fbod in our

- . cgltho.f e ‘ o o
;5 /. . \séxgalzoéedsde»?ot appea¥ to creéate overt problems in long-term . |

3 © + Antarctic groups, although the possible. contribution of ‘sexual: tensions: to

uanifest irrltability, sleep disturbances, etc., is dlfflcult to evaluate.

de o e L

Intexview reports tend to suggest lessenlng faniasy preoccupat:on Wlth sexual

}.‘f’
]
|

T

matters. over time.

- -
T

Experimentation: on tolerance limits for humans is seéverely constrained -

ﬁ wr.
T

by -ethical considerations. Survival limifS‘generally‘aée known: only beécause
of accidents. Realistic situations involving long-duration isolation and

confinement, theregore, are of prime significance for defining important

Ry e R

group adaétation problems and designing experiments to explore substantive
hypotheses. Small Antarctic stations represent one such setting. Undersea
E experiments, such'as Sealab and Tektite, with opportunities for continuous

3 obsexrvations of behavior under confinement and isolation stress provide

important methodological contributions. Iaboratory studies of 2- and 3-man
isolated groups at the Naval Medical Rescarch Insﬁitutg have advanced con~
ceptualization and hypothesis formulation,

The applioation of systems enginecring concepts has made possible the
design and efficient integration of vaxious life suppoft and environmental
control systems ~- atmospheric regulation, temperature control, water

recycling, energy expenditures and metabolic exchanges, waste management, etc, «-
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within the total spacecraft environment. Engineering and: operational factors

- 71}lxvlgv,e reg‘:eived“primar&: ag':tént;tq‘n in ,des’ig\;hi_hgﬁ space: vehicles. to dateé, and

,hébg'tabiiity considerations have not received adequate -attention in planning

* *

for the eonplete ecological system represénted by the long-duratiof manned
,5§§ge~missibn. The@pxeéedingiﬂiScussibnvpf”habitéﬁ}lity considerations in
1;n§-dgration space flight wae intghdéd to highlight ﬁhg,gxéat‘variety,gndf
gpgglexityrof”bersonnela organizational:, -and environmental factors involved
‘ind*td §u§ge§t that. qur knowledge is. extremely Yimited in many of thesé areas.
It seems clear that future research apprqgches‘to=habitability problems must
be holistic -and. programmatic rather than piecemeal ‘in -orientation, !;91;}1' in

- the space flight ﬁfﬁg;ém and in relation to-optimizing man's social and

physical environment on. earth.

'Scciai System Appiicatibns in Other Settings

Social scientists in academic settings sometimes find it difficult to
yeconcile the prevailing pressures to "publish or perish," which favors small
laboratory studies as opposed to concern with significant social problems in
the real world. For example, psychologists at their national convention this
past year expressed concern about lack of social relevance in their work.
Hopefully, some reorientation is in progress in the behavioral sciences so
that important social issues and events occurring in the real world can be
integrated with scholarly and theoretical interests ih order to develop'use~
ful: research approachés to pressing social problems.

In survqﬁihg relevant research data on group behavior under conditions
of isolation and confinement, it was necessary to turn primarily to realistic

field experiments, such as Sealab II, Tektite, small Antarctic scientific
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g~ i : gt,at‘ionS,, and life‘-‘-éft_ippoft ‘system. simulationss It became g;éar in reviewing. A ;
;- past gn@ﬂl‘l‘gfdi%? studies that the limitations imp‘ose&b:y“ the particular tasks; P
ﬁ o i gubject ;péguj.atio:is » and meétsuremept‘ techiiques as welk as the brevfi’gy,:f and :

| * ﬂ1§>ck of realism characteristic: of most laboratory .experiménté preciuded their |
;,, ; serious consideration in reference to the spacecraft crew and environment.
. ( Studies conducted by Radloff and Helmreich (1968) in Sealab 1‘1;, proyided
( ' -a ‘useful paradigm for the systematic a‘nﬁlysis of small group behavior -under

: »  realistic field gondfi‘tibns with some exercise of experimental control.

Radloff and Helmreich jexter;déd ‘their techniques of direct behavioral obser-

VC vations in the »’I!él.ctite, zexpe;:imeht' which provided: for :continuous monitoring of

‘many aspect's -6f psychologieal and physiclogical functioning. Deutsch (1970)

3 ‘has récently presented a detailed rationale and methodology for the Tektite

- stiidies. ’

‘ ".l'he McDonnell-Douglas 60~day and 90-day life-support simulations were

specifically designed to resemble the environment of the sPac;: s'}u;p as closely

-as possib‘le. In t;te current 90-day simulation study, involving 4 scientist

. and engineer crew members who will caxy out realistic and impoytant tasks, a

highly soPhigti-cated program of behavioral study is in progress.

¥ Several important principles relating to techniques of behavior measure~

E ment have emérged in recent years laxgely as a result ’of cfforts tcli conduct

field studies under difficult or stressful conditions. These principles

include: (1) multivariate analysis and the use of multiple behavi~, indicators

: as independen{: estinates of key variables; (2) longitudinal studies with

sufficient numbers of observations over long enough periods to detect long~

1 range changes in the social system; (3) the use of unobtrusive and non-

:"’f intrusive methods of measurcment so that normal missjon operations and behavior
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i 7 wi1n fot be dntefrupted of significantly affected, and (4).an emphasis on a -

o f ' ;ylsg‘:éms»gppia;aéhité«tfhe».ahaixsils of group behavior, that 1§, recognition that L 5
ié gﬁallwéfgaﬁiéatﬁopé‘aré'ﬁofjbn;y?qffected1ﬁyla large’nyhber qf'intgfﬁgl ,}‘
. r"fact'o;s';iii;t‘ .’*‘c‘iaa"c they axé in pgnét*a'nt" interaction w:.t’h the suFounding "‘%
;j~ N E ” ’ﬁh{?i§a1¥?nd ﬁbgialvgnyirgn@enfs égfwali,t’ ; - ‘E
. o ) These pr;ﬁéipleé ére»orienféd'tgwérd making observations and measurements. ?
%i - inlréar~social é&stems~ovef :élativély'iohg;peziods of time;'deéelopment of Vi
) _ suchprinciples has’énhanced the feasibilit§ of“conéuctingxméaningful research :
’ in natural group situwations.. Concepts and -approaches are suggested which seem %
moré compatible with research.-on social problems in familiar séttings, such 4 ?
as families, sc¢hools, .and work -situations, than the experimental models and E
paxadigms of the past. | ) z
The present social systems model is admittedly crude and tentative, but %
eventually such a framework may have potential usefuluess for systematic ~£
xesearch relating to the complex and urgent social problems confronting us. %
Examples might be zhe evaluation of the effects of poverty and family organi- %
zation in the slums in terms of various forms of social pathology, integration }
of ghetto blacks into white schools and work organizations, and the under- ’ %
standing and'management of social conflict, . ' é

e

Ié seems necessary to start thinking very seriously now about how to
neasure and studv large numbers of interrelated social system characteristics,
and perhaps over the next decade more effective analysis of social and family
conditions and their consequences could bring more choice into the planning

and developwent of healthy sociai 2nviromments. Over the long run the outcome

could be to create greater possibilities for shaping social institutions and

physical environments to meet basic human needs.
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 Two. additional socidl system chavacteristics have been described in a
modified version of the social systems model to provide greater generality

and relevance to common social. situations. These are tasks and resdurces.

‘Both- have ‘been tenta‘&ively pIawced under the Organizatjion categbry.;

7 Th,e;‘.‘,ti_{lﬁé ‘area refers to what must be -done by members to accomplish “
group géals. *Thus préscribed tasks are derived from and closely related to
group objectives B':lt their definition requires careful analysis. of the
operations of tﬁe sjstem and enumeration of the specific kinds and amounts
of ‘activitieslto be performed. In some situations, tasks can be specified
with great precision and detail. In others they may be almost entirely
contingent upon unknown events or implicit in broadly defined role behaviors.
Tasks can be described to some degree in any social system, dbut a wide-range
of specificity is possible. Consider the carefully plamnned sequence of
operétions performed by an astronaut as contrasted with the heterogeneous
and frequently unplanned tasks performed by the housewife.

mgg_ggg refers to the money, tcols and equipment, and space required
for the group to perform its tasks. It represents the costs that the designers
or managers of‘thé system are willing to incur to inswre the accomplishment of
group objectives, Estimating costs and funding requirements is a familiar
and vital concern in rescarch organizations. In the family situation, monthly
income roughly defines the organization's resources. Insufficient income to
meet: the need§ of the family for clothing, food, transportation, normal
recreation, étc., may seriously affect the performance of its basic functions.
The importance of the surrounding plysical and social environment for

the functioning of any socizl system scems obvious and unequivocal and has

been emphasized repeatedly. In the Mars mission, the hostile or unknem
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environment of space requires elaborate life~suppoxrt and ground supqut ; ;
systems, extensive preparation and training for any eﬁgfgency, and an :
extremely high degree of technical;proficienéy.in crew personnel. -In the
slum-dwelling family, not only is thexe assumed.to,be'a direct impact of
crowding, poor heating, 1ighting, ventilation, sanitation, etc., upqn'health
and self-perceptions, but the brutalizing effects of sld; ﬁeighborhood
attitudes and behavior patterns may be presumed to directly contribute to
social pathology.

It may be useful to further conceptualize slum-dwelling families in
texrms of some of the social system characteristics outlined garligrl Slum
families are not only disadvantaged in terms of resources, but they are
typically disorganized, have little awareness of objectives and related tasks,
and evidence &aTue systems that are delinquency producing. fér those who have
studied slum families it has been striking that a large percentage offer no
stable father figure. Fuxthermore, cven where there is a father in the home,
he often appears to shift responsibility for training the children entirely
to the mother: The wothers in these families tend to see themselves as
helpless and overwhelmed by the children's demands., An essential element
lacking in these families is apparently what has been called 'executive
guidance." There is no one in an executive role tc¢ provide direction and
control in relation to the family's internal nceds and in relatior to dealings
with the outside world. Frequently in these families, authority and
responsibility tend to fall upon the oldest sibling whose principal involvements
usually are not within the family,

The therapoutic approach found to be effective with slum families wvas

not {he traditional individwd psychotherapeutic relatijonchip.  Rather the
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more. -successful therapeutié strategy was to work with the family-as-a-vhole

in meeting its day-to-day problems while attempting to stréngfhen the-;

internal capacities of the family to cope with everyday stresses and demands.

.

Therapeutic goals were described in -one extensive studf of slum families by

‘Minuchen, et al (31967) as: (1) restoration or institution of -executive

L)

functioning in 'the head of the family, (2) increase effective communication

between parents and children; and (3) modification of the value systems and

role functions of siblings. This way of describing essential family functions
appears to agree well with the systems apéroach outlined earlier.

Integration of Negro citizens into our schools, work organizations, and
general social processes ie of vital concern today. Unemployment and low ‘
income are basic problems facing black Americans. In terms of the social
systems analysis model, solving the problems of unemployment could have
profound effects upon the structure of the black family., In a recent study
by Fleisher (1966), regression analyses of delinquency rates in 100 cities
across the United States were conducted using as independent variables
income, unemployment rates, racial composition, residential mobility, family
stability, and region. Fleisher's results indicated that in "delinquency
prone" groups a 1% xise in income was associated with a 2.5% reduction in
delinguency and & 10% rise in income with a 20% reéuction in delinquency.
Extrapolation would suggest that black families given equal resowrces or
income to that of white families would not have excessive delinquency rates,
Even though such eatrapolation is not justified, this study provides an
illustratjon of the extent to which one family system parameter, income, may
relate to social patholopy.

The nroblens of integrating black Americans iuto the work force involves
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much more than szmp%y prov;dlng gob openlngs. ‘The Negro worker may br;ng in
personal values and perceptlons of his situation Wthh are quzte dszerent
fyom those of ‘his coworkexrs,. and a perlod of social and cultural a381ﬁu1atlon
may be needed to achieve the nécessary understanding and .cooperation. There
.are many prdblemS‘in black-white social relations that are as yet poorly
-understood, and much more reseaxch kndwledge is requireé if low status blacks
or other disadvantaged ethnic groups are to be successful in making the(
transition to stable.emplqyment and full social participation. Specific
kinds of training appear to be required for socially and economically
~di$advantaged,ci§;zens in order to facilitate the needed communication and
interaction in now cultural settings. Careful analysis is needed of customary
behaviors, attitudes, and values of those groups of citizens who axe moving
into new social situvations. Special problems exist in the axzea of motivation,
in suspicion and distrust of white institutions, and in understanding the
social norms and behavior expectancies of other cultural groups in conerete
terms. The tradiflonal approach in this area has been to txy te change the
new employees to adjust to the existing environment. Some thought should be
given to changing the social environment, that is, training employces already
on the job in the acceptance of new employees and in understanding their
temporary difficulties in modifying long-established behavior patterns.
Successful on-the-job and school integration Tor black ghetto residents

will depend wpon finding ways to bridge the large differcuces in values and
goals in relati6n to predowinantly middle class values, Ghetto rezidents
tend to be highly suspicious of while acthorities, and their . cial behavior
tends to be characterized by nistrust, low coopmration, aud overtly hostile

.

acts when in confliet with others, Tow selfecstecs, shosl-range tine
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perspegtzves, and 1rregu1arn.ty in ;]ob attendance lead ‘to perceptlons by/
mlddle class blacks ox wh:.tes tl*at ghetto blacks are u’ﬁrehable. =G}1ej;tg,

‘blacks tend to be high-on needs fo';",aff;@l:;at;iqﬁn and socizlizing which may

‘be perc’e”ivéa?:by middle: class ind,iv,i'duéis as -avoidance of work. 4 systems

analys;s of the emgloyment s:e.tuatn.on might show that it would be .easier

and le.:s ‘costly to change the values and expectations of niiddle class

‘enployers afld, coworkers unti}. new work habits and noxmative influences dan

| N ,
. be gradually established in trainees from the ghetto.

The yelatienships of ghetto blacks with government agencies in many
major cities are ‘gnbclievably bad. Trainming of police; welfare workers,
and government officials 7in undexrstanding the black culture would beem tc’
be must more expedient for the time being than trying to train blacks in
middle class values. Violence and fighting has a different meaning in the
ghetto from that in the middle class neighborhoods, and, in fact, it is the
behavior norm.

It is of great importance to institute large~scale research ef'forts.
oriented toward understanding the values, beliefs, and logic of ghetto
residents in relation to the behavior of police and government officialis.
Ransford (1968) in a study undertaken after thg Watts riots found that

willingness to use violence to further Negro rights among ghetto residents

was highly related to three factorxs: (1) little social contact with the
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outside community, that is, isolation; (2) feelings of being treated unfairly

because of race; and (3) feelings of powerlessness or inability to change
one's position. ELducation level played a part in this relationship in thai
feelings of unfair treaument and powerlessness did not relate sigaificantly

to willingness to usc violence anong college cducated Negroes.
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Finally, those social system characteristics in families,. .échd()l fgxo'ups;,

/.
iand ‘Work groups w}uﬂh are conducive to socidl health and: e;‘eﬂtz.veness as

opposed t6 delinguency, -drug abuse, and other Forms of social ’iaath'q’loéy ne‘é'd'

to-be éxpiicitl’f defined &nd carefully documented by extensive researchs If

!

we are séerious in «doing something ébout the plight of § ;sadvantaged Americans,.

we must know much more about these social problems and’ intesively mvest;gate

the social system characteristics that produce -such conditions: 'and, the

characteristics that'prevént or glleviate them.
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, In the paper distributed pr?cr”to~tﬁé»¢bnferehée ; déscfibéﬂ a
;tqﬁtative sbcial‘system,mode]'that‘has’ﬁeen'USed'tp';Qﬁﬁéré‘thé Mars
§éacé‘misstqn situation with a number of other types of isdléted;énq‘
confined groups. It was suggested that this sgé gfl;ystgﬁ charactéris;ics
might be extended and modified and perhaps prove usefu] for comparative
‘analyses of other types of small social systems, such as slum'faﬁilies
“or-new!y'iﬁtqgrated;WOrk groups. This suggestion was made hesitantiy
because much more work needs to be done on the model to make it generally
applicable to & variety of social situations and problems. |

I would like to use my time this morning to elaborate on the theme:
how does one conduct meaningful social expe}imentation as a means for
developing sound sccial ‘plannina and policy? This is a timely and
important question., If the governing body of a community or an
organization can agree on what changes in their system are desiraéle,
how can they best~insure that actions taken will'accomﬁlish desired
ends? To answer, we must consider some aspects of statistical theory.
(1 am indebted to my colleague, Dr. Ardie Lubin, for suggesting basic
ideas presented here.)
The first observation is that social and enyironmcntal chaﬁges oceur

all the time and have some effect on community life. New laws, new
educational, medical, or social programs, new communiéy facilities, etc.,

presumably affect the pepulation concerned in some way, or they would not

have been instituted. Yet we usually have no way of knouing what these

effects are,

.
RN TR
.

L
Lay T WATE Daxs ab sedan

4

BTN

DI
o



~

Fisher's rigorous paradigm to social gxﬁeffmentétién

4

In oider to assess the effect of some environmental or secial
cﬁapge‘hy:meahS¢¢f the classical experiméntal ﬁqqé}wpﬁfa.ﬂql?j$ﬁé§, contiol

'gféup$'ah¢ needed. The assignment of soclal winits to: the §0ntrdjlgroup~gr

oo ——x e

the treatmenxggrbup»musf be truiy~rahdohf Thé fmpfégtidébiiity of applying
has ted D. T, Campbell

and others to propose "quasi=experiments," where the requirement of random
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allocation to contiol and treatment groups Is relaxed or the cortrol group
Is eliminated altogether, In the quasi-experiment, the eémphasis 15 on theé

use of the treatmeht group as. its own control. The argiment is that if

you knuw what the status of the group was before the social or environmenta!
change was introduced, and measure the group after the change, then Fhe
before~and-after difference is an estimate of the effect of the change.
A serious technical difficulty In this design i§ that social units will
rarely be stable‘prior to the treatment., They will show a variety of
complex trends,‘some cylical (such as » ~thly or scasonal cycles), and
some long-term (such as growth and development or change in technology).
Therefore, thz "before" measure should include an estimate of where the
group is going as well as where it is now. This permits the elimination
of so-called "trend" effects from the estimate of the effect of the social
change. Caﬁbbef] has termed such analyses "interrupted time series."

Let us assume for purposes of illustration that a community, say the
city of Los Angeles, tentatively plans to build some parks and playgrounds,
Someone in the c¢ity government objects and insists that the money '

should be spdh% for something else, such as smog control,

N o O




ik eyt L Y o

‘Proponerits: -of parks and -playgrounds cfélmftbat the*cqmmun@:yxwouldnbeééfﬁt
considerably from their program, Hovr. should tha -available résources

(tax doliars) be ysed? 'Thgrdﬁlv sound approach to-such a ﬁue$§§bﬁ;wéﬁtd

be systematic eveluation of the effects of -various policies and innovatiokis
) . ga .. -

by -empirical testing.. Thewnext step for the'iosAAng§}§S)Ci§9 Council in
out -example would be téﬂevélgate*the proposal that building.parks Have
?aVoraSlé-gffgcfs oh quﬁpnity:lffeb For proper evaluation, a portion of
Los Angeles shouid be divided ‘into nuﬁber of ¢learly defined districts.
These would represent possible treatment areas,'that’is, afeas where parks
might be installed,

Three possibilities for conducting such an evaluation will be considered:
(1} formation of treatment and control groups with random afloéation? a true
Fisher experiment; (2) formation of treatment and control groups without
random al!ocat?én, a quasi-experiment; (3) formation of a treatment group
with no control group.

The first p;;blem would be the selection and measurement of social
indicators or criteria that represent the desired cffec;s of building parks.
These indicators might be rates of juvenile delinquency and attitudes éf
sati%faction toward the community. We will assume that the aforementioned
criteria were selected and found to be measurabie. (We ignore many practical
and theoretical difficulties of finding such social ipdicators.)

In order to implement the Fisher design with random ailocation of
treatment and‘;ontrol groups, we would need a number of neighborhood areas
or administrative units (districts). We would gather data on the selected
social indicators -~ juvenile delinquency and citizens' attitudes -- before

treatment {s applied, i.e., before the parks arc established.
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© Time series analysis would be applied to thé social indi§§toré to find 7 . 9
-out what models and parameters will describe each set o?;va1g§§§ Ideally, ) }

this pre-treatment measurement and ana!ysismsEou]dﬁcuntinue~thi]'wg;éke

“
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satisfied that we have equations that will fit the observed vaiues.
. b {

\pr‘wé use the deftved:equations to predict a key social indicator,
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say delinquency rate, for each district. The prediction: should be made .
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for the samé time period that we anticipate analyzing for the cﬁfect of
t%e treatmegt. Then we would stratify the districts in pairs by predicted
' delinquency rate, and allocate each member of the pair, &t random, to the
treatment or control group; that is, fhe two districts that ‘have the |
greatest predicted delinquency rates would be selected and a coin tossed i
to determine which district would be allocated to the treatment groun.
Then we would take the next two districts that are highest in the predicted
delinquency rate; toss the coin, and allocate the pair, etc. When applied
to all districts in the experiment, this procedure is called stratified
random allocation. It is an optimal form of the Fisher'experimcntal
design.

Suppose there is no possibility of stratifying the sample of districts
by a key social indicator before the treatment begins. Then the districts
should be allocated at random to the treatment and control groups without

stratification. Although this procedure is not optimal, it still meets the

basic requirements of a Fisher experiment, i.e., random allocation.
After the onset of the treatment period the social indicators will be

measured periodically, in the seme way, in all treatment and control districts,
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- : -1t wf11 bgureqallngihat.we,have predicted the sociéliind}cators
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during the Q;eafmqnt~peflod‘ffomAthapre-treatment time series. The

“
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‘¢r0ciéivgtep iﬁtfﬁé anaIQSis‘ls‘the Subtracfien of the predicted
'sva!g?s frothhé-Vafues actually observed. during the tneatmeﬁt period., ] )
if these deVIationS_Sum‘tO zero within each distric%, then'fh;.Oyerall o ; _ ;
effecé'of the treatment is nill. If these de;Ia%ions have an avérage ‘ t y
positive 9r negative value, then there is an effecf of the treatment

gbove and beyond the changes due to pre~treatment trends.

‘Random allocation is often tompletely unrealistic in situations
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( of social change. Ovrdinarily the location of parks, or other projects, o
] is determined by financial, social and political factors completely

outside the scope of any planned experiment. A rational alternative

In the neighborhood parks situation is to find a district or set of
districts that will not be treated and to select control districts
from this‘untreated set, These control districts are selected so as
to match the to-be~treated districts.

Again, ?he notion of baseline measurement combined with time-series
analysis to match our groups is used, Baseline mea;urement and analysis
of the to-be-treated districts continues until we can fit the observed
data with explicit time-series equations. Then predictions for each
social indicator are made for the projected treatment period,

The untreated districts are measured and analyzed during the
baseline period until a satisfactory time-series %it has becri obtained,
Predictions are then made for the time interval to be covered by the

. treatment period,
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For eaeh,}debéétreéted‘djstcjct{~a:cqnfr61 district is found whose

prédicted social indicators mOSt/c!early,matéh those of a to-be treated

~district.

When the treatment period is over, the deviations from the time-series

prediction are‘suﬁméd, divided by their standard deviation, and used as
LY,
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scores for each district. For each social indicator, one-way analysis

of variance can be used to test the djfference between the control and
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treated groups.
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The procedure just described is a quasi-experiment. Non=-random
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. allocation of the districts to the control and treatment groups makes
it impoésible to use the usual inductive inf :.rence. With random - :
aliocation for a large sct of experimen%s, a treatment with no effect would
Jead to a zero difference between the control mean and the treatment

;f mean. Without random allocation, there is no effective way of guarding

; against the possibility that there are systematic differences betwecn

the control group and the treaémcnt groups other than those introduced .

2 by the treatméht.

Now consider the third case, treatment group gut no control group.

In this extreme casc, the treated districts may be unique or the necessary

measures of the social indicators may be obtainable conly from the treated

districts. In thesc situations, it may be necessary to give up entirely
the idea of a controlled study; even the non-random-allocation matched-

groups design may not be possible.
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We are {gft with the basic t=c~ph§se design: basel'ine measurement
oé tﬁe tS-Bé-t}eatéd~districts until a satisfactory fit has been obtained,
“then catculation of the deviation from baseline prediction during the 3
treatment period, As before, the average of the déviations,Edivided

by their standard deviation, becomes the score™for each district.
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Under the null hypothesis of no treatment effect, these district

scores have an expected value of zero.

TS S

In the worst case, there is only one treated district, and the

question is whether the deviations from prediction (during the treatment
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period) differ significantly from zero. Several time-series analyses

have beer suggested for this case. Severe difficulties of a2 statistical
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nature arise, howeaver; in particular, if the deviations from prediction
show serial correlation, the proposed tests are inappropriate,

To apply Campbell's Interrupted Time Series Analysis to any .
of the tﬁree cases given above, a time séries equation must be fitted %
to the baseline data., Two dynamic time~-series models have been developed
for use by engineers, industrialists, and economists: the Moving ‘
Average Model and the Auto-regressive Model. Both of these assume
that en observed value at time t is some function of previous observations
at time t~}, t-2, t-3, and so on. If one knows the order of the model,
that is, the number of pact observations that must be considered, then.a
prediction for time t can be gencrated from the past observations,

A time-series equation of either type can be generated for

each district,
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A test for serial correlation among the residuals is directly
incorporated in?o the fitting of tﬁé autoregressive model.

One distinct ad,antage of the autoregressive functi;n is that it
can be used to estimate the "t}ansfer function." The transfe(,fd;ction
of a system is, roughly speaking, the ratio of“the output of the system
to the input. Given the transfer function for a system, it is possible
to calculate what will happen a§ various inputs are'fed into the
system. Unfortunately, this is only possible if the autoregressive
equation is comﬁletely linear.

Nevertheless, this raises the nessibility of conceiving of
each social unit (district, county, city, etc.) as an integrated system,
with a set of social indicators that are dependent upon each other in a
feedback manner so as to preserve homeostasis for the social unit. This
approach demands a multiple time-series method in which every time~series
for a social indicator is a function of its own past behavior and of the
behavior of all other social indicators. Methods have been glven for
the analysis of suchmultiple time series,

To summarize, Campbell and othkers have proposed that environmental
or social changes be regérded as quasi-experiments and that pre-treatment
measures as well as during-treatment measures be taken. At the end of
some trial period, perhaps three to five years, the feedback from the

time series analysis is used to help us accept or reject the social

reform or environmental change on a quasi-statistical basts.
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The time series model recommended by Lubin, the Autoregréssion
Model, raises thé possibility of considering social units as systems’
and applying the control theory that is customary in engineering. . This ,
can be done if the fitted autoregression equation is an adequafé
répresentation of the transfer function, i.e., thd ratio of the system
output to input,

This’may sound very complex to the uninitiated, aqd indeed it is,
Yet the fact thaf there is a possibility of using time series in certain
types of social experimentation is considered very significant and
encouraging. |

(More detailed discussion of these Issues may be found in the

following sourcess)

Campbell, D.T. and Staniey, J.C. Experimental and quasi-experimental

designs for research. Chicago: Rand McNally, 1966.

Lubin, A, The use of time-series in social experimentation,
Unpublished paper, Navy Medical Neuropsychiatric Research Unit, San

Diego, California 92152.)




