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ABSTRACT

Purpose: This paper draws attention to a welcome trend in certain areas of applied
and experimental research that appears to endorse a General Systems Theory for
the acquisition of knowledge. Method: By way of illustration it makes an appraisal
of key studies of human/environmental interaction that were either derived from
actual operational groups in naturalistic settings or contrived in the laboratory or
the field to simulate extreme conditions. Results: It urges more anthropologists,
physicians, physiologists, psychologists, and sociologists to follow suit and make
their disciplinary boundaries permeable. Were they to do that, it is argued that
their research methods would be more appropriate for studying the dynamic inte-
gration of their subject matter than those derived from the conventional use of
scientific method. Conclusions: It asserts that the solutions to complex problems
of human adaptation to the environment are not to be found within the domain of
any single academic discipline. (Int J Circumpolar Health 2002; 61:216-223)

his paper originated in 1995 as an invited address to the
First All-India Conference of Physiology that was held in
New Delhi. At the time the Indian Antarctic Research Pro-
gramme was bearing fruit (1), and before embarking on a
more ambitious multidisciplinary plan for the investigation
of human adaptation to polar conditions, its researchers
wanted to consider the conceptual and methodological is-
sues they might encounter. Although the scientists were
from the conventional tradition that was more laboratory-
based than clinical, naturalistic, and observational, in es-
sence they accepted Crick’s (2) trenchant criticism of re-
ductionism, and they were inclined to favour the early Ba-
conian commitment to the integration of knowledge rath-
er than its fragmentation (3).

To give but two glaring examples: in the 1960’s biolog-
ical researchers conducted isolation studies in a specially
constructed Tier Bunker facility at the Bavarian Max Plank
Institute where they measured the dietary, hormonal, and
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gross body movements of subjects for a month at a time
(personal observation September 1975). The scientists
were very productive (4-5), but they ignored the cogni-
tive, emotional responses of the subjects, and they con-
ducted no follow-up studies that might have identified any
adverse side-effects from the sensory-isolation experi-
ence (6).

The around the same time NASA ignored behavioural
science in its preparation for long-duration space flights,
except for discerning the preference of crews for ele-
ments capsule design and decoration (7). The entire four
and a half year Skylab Project that was designed to test ‘the
broadest sense of survival (and) the ability to live ...effec-
tively in the environment’ contained not one single psy-
chological component. Instead, the physiologists adopted
an exclusive bioengineering approach as they addressed
shifts of body fluids, muscular tone, vestibular balance, ori-
entation, sleep patterns, and circadian rhythms of their as-
tronaut subjects (8). The implication was that humans
could perform effectively for long periods in space if only
their physical health were properly maintained and their
bodily were needs satisfied.

Encountering such conceptual and methodological
constrictions warrants a rare excursion into epistemology
- the philosophy of procedures by which knowledge is ac-
quired — in search of pointers to the way ahead.The intel-
lectual journey could begin with a reconsideration of the
reformulation of Kuhn's fundamentals (9) and led to an
indulgence in Hellemans and Bunch'’s (10) assembly of his-
torical facts from diverse fields of scientific endeavour. The
one highlights the conceptual changes that with a fresh eye
could be seen to have occurred in the history of science,
and the other strings the major contributions of science
together with more regard to their significance than their
disciplinary source. Neither espouses a hierarchical frame-
work to perpetuate the ascendancy of any single scientific
discipline or narrow cluster of such disciplines in the ac-
quisition of knowledge.

Conceivably the separation of scientific disciplines
arose from a need to break the enormous web of poten-
tial topics into manageable component parts (11 pp.46-
59). It inspired Linnaeus in the 18" Century to develop his
comprehensive system for the classification of plants and
animals, and Haeckel in the 19™ Century to put forward
his genealogical tree of human development (12). Haeckel
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went further to separate the study of humans into that of
structure (morphology) and of function (physiology) be-
fore further dividing the one into anatomy and develop-
ment and the other into internal and external functioning.
Charles Darwin and Alfred Wallace came along soon after
with a broader canvas to consider the corresponding dif-
ferences in the environment and their influence on human
evolution. But the clash that inadvertently they created
postponed any attempt that might soon have followed to
integrate the emerging disciplines of science.

Integration

Bertalanaffy (13) was among the first to proclaim the inte-
grative theme for the conduct of scientific research. His
conceptualisation promised eventually to combine the dis-
parate findings from studies of cells, micro-organisms, or-
gans, organisms, groups, organisations, communities, and
beyond. Then more recently Miller (14) restated a Living
Systems Theory (LST) to an interdisciplinary audience of
scientists that was involved in either polar or outer space
research. He described LST as ‘an integrated conceptual
approach to the study of biological and social living sys-
tems, the technologies associated with them, and the eco-
logical systems of which they are all parts’, and he de-
scribed the goal of research on LST as collecting data ‘to
make deductive tests of hypotheses derived from induc-
tive, integrated theory'.

Among the supporting presentations were papers that
exemplified the application of the very theory he es-
poused - i.e. the International Biomedical Expedition to
the Antarctic (IBEA) (15).The IBEA was a comprehensive,
extensive, and perhaps expensive project constructed
solely for the purpose of studying human adaptability to
the hostile climate of Antarctica. It derived questions from
clinical medicine, physiology, psychology, and psychophysi-
ology that had a bearing on the effects of geographical iso-
lation and group insulation. It involved a comprehensive
range of field studies in French Antarctic Territory as well
as a non-stop battery of before and after laboratory stud-
ies in the Commonwealth Health Laboratories in Sydney. It
had naturalistic, psychometric, and experimental features
that involved both within-group and between-group ef-
fects. The naturalistic features were monitored during the
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normal course of fieldwork. The psychometric features re-
lated to the measurement of certain personal, interper
sonal, and group predictive criteria.

The independent variables in the laboratory consisted
of a routine of cold baths and noradrenaline for one of
two randomly assigned matching groups to see if they
might readily assist in acclimatisation to the cold. Those in
the field had the subjects all exposed to the climatically
hostile Antarctic environment under rigorous living condi-
tions, in search of a general factor of bio/medico/social
stress. The parameters under measurement included
blood and urine, skin flora, perspiration and heat flows in
hot and cold chambers, perimeter body chilling, blood-
flow recording, heat exchange, respiratory capacity, work
output, sleep patterns, reaction times, decision-making, di-
etary intake, symptom development, personal perceptions,
attitudes, interpersonal behaviour; and group relations.
Samples were taken at predetermined times according to
a complex schedule of programmed activities. The data
were recorded through appropriate biochemical, chemical,
electronic, electrophysiological, observational, photo-
graphic, and psychometric procedures.

There were |2 subjects, ten of which had considerable
previous experience of snow and ice conditions. Eight
were medically qualified researchers and the remainder
consisted of a biochemist, a physiologist, a psychologist,
and a technician.They were drawn from Argentina, Austra-
lia, Britain, France, and New Zealand, with English as a
common language. For logistic reasons and to minimise
costs, they were selected for their experimental expertise
and readiness to switch roles and become experimental
subjects as occasion demanded. All were volunteers, few
of whom were really aware of the commitment they had
made. Typically they had agreed to participate as subjects
in the hope that their colleagues would reciprocate by
obliging them when their turn came to conduct their own
experiments. Few had ever been in such a role, and none
had taken part in a demanding and sustained experimental
routine.

In Sydney, the subjects were quartered in close prox-
imity but were left to their own devices in what spare time
their busy routines allowed. But once in Antarctica, they
travelled on open-skidoos in randomly assigned pairs for
periods of |4 days, towing their own sledges with standard
gear as they moved to prearranged sites at which they
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would stop for the predetermined data collections. They
slept in small tents, and cooked their own meals from basic
rations.

Suffice to say, the incidental, intrusive, and invasive pro-
cedures involved in the experimentation had a greater im-
pact on individual and group performance than did the fri-
gidity of the Antarctic climate. The cold baths had only a
temporary effect in facilitating the adaptation of the exper-
imental group to the cold of Antarctica, and the stringent
conditions imposed on the group as a whole evoked few
decrements - except in terms of their adverse personal
and interpersonal reactions. The most serious of the per-
sonal reactions induced clinical depression in a subject and
caused him to be evacuated from the field. The most seri-
ous of the group reactions led a few subjects to withdraw
from the follow-up phase of certain experiments and pro-
cedures.

Thus the outcome of the IBEA indicated that the per
sonality factors of ability, stability,and compatibility were as
relevant for the selection of scientists that undertake isola-
tion studies as for any other people that might be involved
as subjects in their studies (16). It showed that research
designers needed to give as much consideration to the cu-
mulative and stressful effects of the extensive pattern of
experiments they plan to conduct as to any stressful ef-
fects the environment might have on their subjects. It
made clear that scientists needed to be trained in the ap-
plication of general systems theory, and in the integration
of data from their separate studies. Finally it showed that
whether scientists were in the role of experimenters or
subjects they needed to be trained in methods of conflict
resolution (17).

Further developments

Despite its shortcomings, the IBEA broke the ground for
future interdisciplinary and international research on
projects in hostile environments (18-20). After one small
group study Taylor, Van Dorp, Oude-Alink, & Kennaway
(21) reported some of the psychological and physiological
components of extreme tension that prevailed in a four-
person Greenpeace party that wintered-over at the small-
est Antarctic base: in the process monitoring performance
and gathering questionnaire data in real-time by computer
and satellite from a remote area on one continent to a
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metropolitan laboratory in another (22).

In a larger longitudinal and epidemiological study of US
Antarctic winter-over personnel, Palinkas (23) found that
although depression, insomnia, hostility, and anxiety com-
monly featured in their phasic reactions in Antarctica, on
return home they were not at greater risk of hospitalisa-
tion than their controls. Some in fact showed an enhance-
ment in performance. Suedfeld (24) made similar observa-
tions from his polar research, and he invoked Antonovsky’s
(25) concept of ‘salutogenesis’ to describe the benefits
that some people derive from the experience of apparent
hardship.

Subsequently Palinkas (26) and his group found a di-
rect association between the same adverse emotional re-
actions and an increase in serum TSH levels and an inverse
association between high levels of fatigue and confusion
and an increase in FT3 levels. They also found that the lack
of group cohesion had a negative effect on mood states.

The relevance of such interdisciplinary Antarctic re-
search was not lost on the new generation of behavioural
scientists involved with the US space research programme
(e.g. 27-28). Gradually they developed coordinated pro-
grammes that used both the Antarctic and simulated isola-
tion and confined environments (ICE) as analogous situa-
tions for the proposed long duration space flights (29-33).
But their studies still needed to be integrated firmly with
those of biological scientists.

Resistance

However isolation researchers in Europe made little men-
tion of the findings from Antarctica in their report of the
28 days study of six subjects in a submersible off Norway
(34). Although the interdisciplinary experimenters in that
study purported to have adopted an integrated design,
they seem to have kept their distance from each other as
physiologists, psychologists, telecommunication experts,
and toxicologists. In particular some of the physiologists
complained of ‘having to jostle for priority, to search for a
niche in a complex programme of activities, to delegate
measurement to ‘trained laymen (and) even then .to co-
operate with all these other colleagues whose data will
merge with his data’ (35).They also commented that it was
difficult to determine whether the psychological or the
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physical factor was ultimately responsible for the observed
changes.

The comment about the continuing search for the sin-
gle 'ultimate’ factor, the Holy Grail of 19 Century science,
confirms that reductionism dies hard. The shock of work-
ing collaboratively instead of in competition might have
been too much for the purists to bear. For them the inter-
active project was not a learning exercise. For the outside
observer it raises questions about the need to modify the
curriculum of both Medical Schools and post-graduate re-
fresher colleges to incorporate an interdisciplinary inter-
active model in the conceptual orientation to problem
solving.

Recognition of psycho/social factors

In 1986 the WHO was sufficiently committed to the com-
prehensive approach that it redefined health as a complete
state of physical, mental, and social well-being. In doing so,
it encouraged research into the interactions of mind, body,
and social environments. The outcome led to a flourishing
interest in psychosomatic medicine (36) and to the en-
dorsement of the pioneering work of Selye (37) in the
field of stress (38-40).The problem was to identify the bi-
ological markers (41) as well as the psycho/social markers
(42).

Since then much progress has been made in rendering
objective the subtle and subjective but important genera-
tors of the phenomenon (43-44). Ursin (45) also ad-
vanced the challenging proposition that the autonomic and
the hormonal systems are interactive rather than separate,
and that a combined sensitisation and cognitive arousal
theory might provide the most acceptable explanation to
account for serious neuro/psycho/biological conditions in
which they are activated.

CONCLUSION

Responses to environmental stressors cannot be predict-
ed by measuring the physical characteristics of the stimulus
alone. Prediction requires knowledge of the way individu-
als perceive the stimulus, how they interpret it, and how
their individual and group motivations and behaviour affect
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their responses. Contributions to knowledge about human
behaviour in any environment need to be seen as part of a
dynamic general matrix of variables, the appraisal of which
requires the effort of committed researchers from many
disciplines. The outcome is more likely to be to approxi-
mate the characteristics of multi-faceted human perfor-
mance than any more restrictive research programme.

The point is not to deny the importance of well con-
ceived and carefully controlled laboratory based segmen-
tal studies, but to remind researchers that the outcome
has to be related ultimately to that from other research
domains and be tested in reality situations.
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