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PREFACE

The purpose of this book is to present recommendations to facilitate human adjustment and performance within isolated and confined environments. The recommendations focus on the design of spacecraft and space habitats and on the operation of long-duration space expeditions, but they also apply to shorter missions and to a variety of Earth-bound conditions. The research documented in these pages involves the study of conditions on Earth that are comparable in important ways to what might be reasonably expected for future long-duration space missions. The approach is a continuation of my previous study concerning space-station design and operation (Stuster 1986). The research approach derives from the understanding that valuable lessons can be learned about human behavior in space by studying groups living and working in isolated and confined conditions on Earth, both currently and in the past.1

Although the recommendations and habitability principles presented here can be particularly useful to spacecraft designers and planners of future space expeditions, they are relevant to a broad range of other pursuits. The most obvious of these are the design and operation of Earth-bound remote-duty environments. Indeed, recommendations from the earlier space station study have been incorporated into the designs of underwater habitats, remote-duty military systems, and command and control centers intended for long-term autonomous operation. Ironically, some of my recommendations for space stations were also adopted at small Antarctic facilities that were among my sources of inspiration for the recommendations. The habitability recommendations presented in this book are likewise applicable to the operation of future special habitats, but they are not limited to remote duty or even to isolated and confined living. Rather, these recommendations and behavioral principles can apply to nearly all forms of human relationships, ranging from the relationship between the staff of a corporate or governmental field office and its headquarters personnel to the relationships among members of a sequestered jury or even a family. In a very real sense, we are all crew members onboard a spaceship. Perhaps we might learn how to adapt better to our condition and get along with each other by studying examples of groups that have succeeded and failed in their relationships under circumstances far more difficult than our own. In important ways, studying small groups in isolation and confinement is like viewing society through a microscope. There is much of general value to be learned from this approach.

Three main themes emerge from this study:

1.  Attention to behavioral issues is important under conditions of isolation and confinement, but interpersonal and psychological problems are not inevitable if appropriate precautions are taken.

2.  Future space expeditions will resemble sea voyages much more than test flights, which have served as the models for all previous space missions.

3.  Many lessons can be learned from the experiences of military and scientific remote-duty personnel and from previous explorers that are extremely relevant to the planners of future expeditions and to others, as well.

REASONS FOR STUDYING ISOLATION AND CONFINEMENT

Critics of exploration have always postulated insurmountable obstacles to bold endeavors. Columbus, for example, had great difficulty obtaining funding for his first voyage of discovery, largely because of the popular belief that it was unsafe to sail for many days outside the sight of land.2 Much later, some people criticized Thomas Jefferson for sponsoring the Lewis and Clark Expedition across North America because they could foresee no possible commercial value resulting from it. Similarly, the polar explorers were attacked for risking their lives and precious resources on impossible expeditions to the Arctic and, later, to the Antarctic. Fridtjof Nansen’s response in 1892 to critics of his plans to reach the farthest point north seems strangely appropriate to the present debate regarding the future of space exploration:3

People, perhaps, still exist who believe that it is of no importance to explore the unknown polar regions. This, of course, shows ignorance. It is hardly necessary to mention here of what scientific importance it is that these regions should be thoroughly explored. The history of the human race is a continual struggle from darkness towards light. It is, therefore, to no purpose to discuss the use of knowledge; man wants to know, and when he ceases to do so, he is no longer man. (Quoted in Cherry-Garrard, 1930, 348)

Nansen’s compatriot, Roald Amundsen, was even more blunt two decades later when confronted with a question about the value of Antarctic exploration. Amundsen responded: “Little minds have only room for thoughts of bread and butter.” A few years later, Apsley Cherry-Garrard, a member of Robert Falcon Scott’s last expedition to Antarctica, produced a book accurately titled The Worst Journey in the World. He notes:

It is really not desirable for [those] who do not believe that knowledge is of value for its own sake to take up this kind of life. The question constantly put to us in civilization was and still is: “What is the use? Is there gold? Is there coal?” The commercial spirit of the present day can see no good in pure science. The English manufacturer is not interested in research which will not give him a financial return within one year. The city man sees in it only so much energy wasted on unproductive work.… The members of this expedition believed that it was worth while to discover new land and new life, to reach the South Pole of the Earth, to make elaborate meteorological and magnetic observations and extended geological surveys with all the other branches of research for which we were equipped. They were prepared to suffer great hardship; and some of them died for their beliefs. (Cherry-Garrard, 1930, 226–27)

More recently, awful consequences were predicted for anyone foolish enough to be propelled to a velocity faster than the speed of sound. Chuck Yaeger proved the predictions to be false in 1947; ever since, pilots and passengers have been breaking the sound barrier with no ill effects. Responsible scientists warned the managers of the Mercury Program that humans could not long survive in the absence of gravity; others advised against even brief orbital missions because of the high probability of bizarre behavior resulting from the isolation, confinement, and sensory deprivation that astronauts would experience in a space capsule. These concerns about bizarre behavior had diminished by the time the astronauts of Apollo 11 reached the moon, and criticism had shifted to questions about the value and the cost of further exploration.

Current plans for an international space station, lunar base, and mission to Mars are receiving the same criticism as that directed toward previous exploration. In particular, some observers believe that humans would have great difficulty enduring the isolation and confinement of long-duration space expeditions, and some predict serious behavioral problems similar to those described by Capt. Brian Shoemaker in the introduction that follows. Others criticize the plans for space exploration with the claim that society receives only minimal returns on the “investment” or that the expenditures are not affordable. These same two arguments, essentially, have confronted explorers and the pioneers of science throughout the ages: (1) something terrible will happen as a consequence of the endeavor and (2) the cost is too high in relation to the benefit that might be received.

Much of the criticism of exploration, including the criticism of space exploration, is a manifestation of the conservative tendencies of culture; that is, it is natural for systems to resist change and for some individuals to expect the worst possible outcome. Some of the criticism, however, is clearly antiscience and antitechnology, although attempts are usually made to cloak it in other terms, such as the relative priority of addressing social problems on Earth. Do the specific arguments against conducting long-duration space missions have merit, or are they merely the current expressions of human tendencies, ancient fears, and modern superstitions?

Many of the individuals quoted in this book testify eloquently about the value of knowledge and a seemingly innate human desire to discover answers to questions, explore new territories, and ultimately expand the range of the species. If a practical reason were required for space exploration, there could be none more compelling than to expand the range of the human species as a means for survival. The comet that struck Jupiter during July 1994 would have obliterated a smaller planet and, accordingly, provides evidence of our extreme vulnerability, limited as we are to a single world. A fundamental biological imperative to survive, rather than a quest for knowledge, might be the factor that best encourages space exploration, but the justification for sponsoring human space exploration is beyond the scope of this book.

The question of whether something terrible will happen, however, is the focus of the guidelines presented in these pages. Are behavioral and interpersonal problems inevitable, or even likely, among the crews of long-duration space expeditions? Or, have these possibilities been overstated, either out of genuine concern or as an expression of some other belief or motivation?

This book provides evidence that humans are fully capable of enduring the isolation and confinement of long-duration space missions and other remote-duty environments when proper preparations have been made. Indeed, many examples of psychological problems, conflict, and disaster attributable to the stresses of isolation and confinement exist; some, described in Part II, can offer a guide for learning from the mistakes of others. The research conducted for this book has uncovered details of many additional examples of highly successful missions and expeditions during which the participants lived and worked under conditions far more arduous and dangerous, and for longer durations, than those to be expected in future space missions. In providing examples of successful expeditions, I suggest that as much or more can be learned from these examples as from the disasters that have been the traditional focus of studies of conditions analogous to future space missions.

ORGANIZATION

This book consists of three parts:

Part I provides a detailed description of the research tasks conducted as part of the study. It also includes a summary of scientific interest in the behavioral issues associated with isolation and confinement and a discussion of the relevance of analogue studies to the design and operation of space systems.

Part II presents the results of the research. The results are organized and discussed in terms of a set of behavioral issues identified in Part I; the discussion of each issue concludes with specific recommendations for the design and operation of space facilities, such as a lunar base and interplanetary spacecraft, pertinent to that particular issue.

Part III discusses some of the implications of the study results and provides a summary of the relevant principles of habitability. Research requirements to answer unresolved questions are also identified in the final chapter.

Sequentially numbered notes cited throughout the text further explain or amplify various points so as to avoid disruption of continuity.
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This book is the most recent in a series of efforts to address the behavioral issues that would be confronted by the designers of and participants in future long-duration space expeditions. During the last half of the twentieth century, many thoughtful scientists and engineers have devoted major portions of their careers to the issues addressed in these pages. I have reviewed dozens of books, scholarly papers, and technical reports prepared by individuals who had every reason to assume that the missions about which they wrote and recommended were imminent. But, the pace of space exploration is exceedingly slow; sometimes, it seems unlikely to advance at all. For this reason, this book is dedicated to the countless individuals who have worked on the designs of spacecraft, most of which were never developed, and to those who are currently working on plans in hopeful anticipation of future space expeditions. An optimistic vision of the future is the fuel of exploration.


INTRODUCTION

The outgoing crew experienced the normal feelings of intrusion when the “newcomers” arrived at the remote Antarctic station on the scheduled relief flight. The relief flight also brought mail, supplies, the first fresh fruits and vegetables seen at the facility in months, and a few visitors. There might have been some friction during the few days that the two crews shared the small facility, but that is to be expected when a well-established routine is interrupted. Crews are warned about this reaction, but it happens anyway. If there was an incident, it did not seem to affect the new eight-man crew fresh from the real world. New routines would be established as soon as the old crew and visitors departed.

The new crew functioned smoothly at first during the Antarctic summer. A few months after the sun disappeared, however, the medical corpsman visited the engineering building to borrow a tool from the diesel mechanic, but the mechanic was not at his station. This was extremely unusual because the diesel-powered generator was the sole source of energy for the entire facility. It was a critical system; a failure could be catastrophic because the station could not be resupplied or evacuated for several more months. The corpsman searched for the mechanic and found him nearly catatonic, curled up in a fetal position in his bunk. The corpsman had sufficient training to recognize the seriousness of the condition, and he spent many hours applying all of his technical knowledge and personal skills in an attempt to bring the man out of his depression. He told him that he was important to the crew, that he was a key component in the system, and that the others could not survive the winter without him. The corpsman told the mechanic that he must endure, regardless of how difficult it might be for him. After days of relentless attention by the corpsman, the mechanic reluctantly agreed to return to his duties.

Within a week of the mechanic’s return to work, the corpsman noticed that neither of the scientists was in the laboratory during their shifts. He found them drinking heavily and grumbling about the way they had been treated by their employers, who only visited the station for a few days at a time under optimal conditions during the brief summer. How could the principal investigators, located in their comfortable labs thousands of miles away, possibly understand the constraints imposed by the limited equipment at the station or what must be endured to accomplish the work? The scientists were depressed and angry, a dangerous combination. Again, the corpsman worked with the men to bring them from the depths of their despondency and, eventually, to a mental state that permitted them to return to their work.

The cook was next. His precipitous decline was apparent to all members of the winter-over party: an unhappy comment by one of the scientists about the quality of dinner sent him into a fury. Storming out of the galley, he informed all hands that he would cook no more for such an ungrateful group. He isolated himself in his quarters and refused to come out. Only through persistence and sensitivity did the corpsman finally talk him into returning to his duties a few days later. He remained withdrawn and uncommunicative for several weeks, but the corpsman finally convinced him of his important role in the isolated community. The cook gradually regained the motivation to continue, and even his sense of humor returned. The loss of the cook would have been disastrous.

Following the discovery of the initial cases, the corpsman found a similar condition afflicting each member of the crew; the phenomenon developed rapidly during the course of a four-week period. The corpsman worked heroically at first to defuse the deep depressions, and continuously throughout the remaining months of the long, dark winter he attempted to buoy the spirits of his comrades. Visiting all members of the crew each day, he injected them with doses of humor, recognition, and hope. Individual productivity eventually returned to an acceptable level, and nearly all objectives for the winter were ultimately achieved.

The effect of the long winter night on men who were not fully screened for the experience has been suggested as the cause, but to this day it is unknown how the problem started. Maybe it was triggered by unpleasant personal news from home or the absence of an expected communication. Perhaps a tardy response to an administrative matter by distant support personnel or some other perceived slight set the phenomenon in motion. It is well known that trivial issues are magnified out of proportion under conditions of isolation and confinement. Later, for others among the crew, the problem could have resulted from the message that they received from their principal investigator. The message had reminded them of the importance of remaining on schedule so all of the data would be collected by the end of the winter. To the scientists working twelve-hour shifts in a remote station, the message was interpreted in the worst possible manner; they felt rejected and knew they would fail to live up to the high expectations established by others. The cook’s decline was clearly linked to the negative attitudes of the others in the group, which he interpreted as a lack of appreciation for his role in the mission.

Whatever the cause or causes, personal problems grew like a malignancy among the small crew. One by one, seven of the eight men were “infected” by the malaise and fell into deep, clinical depressions, resulting in a cascading series of negative consequences to performance, productivity, and interpersonal relations. Oddly, the medical corpsman remained immune and, at first, unaware of the growing despondence among his comrades. Medical personnel often suffer the worst during isolation and confinement because they usually have very little to do in their area of expertise. For this reason, a wise decision had been made to assign the corpsman a series of small construction projects that would occupy him for much of the winter. He was busy and happy with his progress in achieving these interim goals: a set of shelves in the infirmary, a partition in the equipment room, and a new storage shed; the work kept him apart from the others during most of his shift. Fortunately, he discovered the problem before the consequences became fatal to the station.

No one in the outside world was aware of the problem. The commander of Naval Support Force Antarctica discovered the near psychological collapse of the station at the conclusion of the winter when he interviewed the crew. He brought what he had learned to the attention of psychologists who examine winter-over personnel about their experiences. The psychologists were shocked by the interviews and horrified by what might have happened. Each member of the crew related a different story of how the corpsman had saved him during the winter. Without the corpsman’s persistent and skillful intervention, each believed that he would not have survived.

 

The introduction is based on information supplied by Capt. Brian Shoemaker, former commander of Naval Support Force Antarctica and now secretary of the American Polar Society, Reedsport, Oregon. Captain Shoemaker has wintered over in both the Arctic and the Antarctic.
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BOLD ENDEAVORS



PART I



THE RESEARCH


 


The Earth is the cradle of mankind, but one cannot remain in the cradle forever.

—Konstantin Tsiolkovsky

Every age has its dreams, its symbols of romance. Past generations were moved by the graceful power of the great windjammers, by the distant whistle of locomotives pounding through the night, by the caravans leaving on the Golden Road to Samarkand, by quinqueremes of Nineveh from distant Ophir.… Our grandchildren will likewise have their inspiration—among the equatorial stars. They will be able to look up at the night sky and watch the stately procession of the Ports of Earth—the strange new harbors where the ships of space make their planetfalls and their departures.

—Arthur C. Clarke



Inevitably, members of the human species will again walk on the face of the moon and ultimately establish a permanently occupied lunar base. Also, inevitably, humans will venture to the planets within the solar system, most likely beginning with Mars or the martian satellite, Phobos. These missions will take place because the species that contemplates them is driven by an insatiable desire for knowledge and understanding and because the technical means to accomplish these objectives are possible. There is no question that humans will establish outposts on Earth’s moon and make interplanetary journeys. The only uncertainties concern when and how these expeditions are to be made. This book offers specific guidance to those who seek answers to the latter question. Although the recommendations presented here pertain specifically to future space expeditions, most of the recommendations and all of the general principles discussed also apply, in varying degrees, to missions of shorter durations and, in many cases, to the full range of human experiences.

Just as a 90- or 120-day tour onboard an international space station will be fundamentally different from a brief space shuttle mission, a one-year lunar base tour or a two- or three-year mission to Mars will be unique. Despite superficial similarities to other space missions and analogues, the extended durations and astronomical distances involved in lunar and martian missions will make these activities far more difficult and dangerous. Crowded conditions, language and cultural differences, logistics problems, radiation concerns, communications lag times, workloads, and a variety of additional issues will conspire to impair the performance and affect the behavior of long-duration crew personnel. Above all stressors, however, the durations of the missions will impose the greatest burdens and extract the most severe tolls on the humans involved. On long-duration space missions, time will be the factor that can compound all issues, however trivial, into serious problems.

Anecdotal accounts and previous research have indicated that behavioral and performance problems are relatively common among the personnel involved in long-duration isolation and confinement. Although most of the problems reported are relatively minor, the need for optimal human performance and the potential for disaster resulting from behavioral problems on long-duration space missions are too important to relegate to peripheral concerns. How will people adapt to long-duration isolation and confinement? Will they experience psychological disorders or amotivation, and, if so, what might be the effects on others or on the mission? Will there be interpersonal conflict; if there is, how might it be resolved? What are the acceptable minimum standards of privacy, personal space, and food? What kind of social organization and leadership style are best? Essentially, what must be understood are the factors characteristic of long-term isolation and confinement that contribute to the degradation of human performance and impair successful adjustment. If these factors are identified, they can be avoided, mitigated, or, at least, anticipated. If isolation is, as the philosopher Carlyle has described it, “the sum total of wretchedness to man,” how can we render it less wretched?

How can these potentially serious, perhaps mission-threatening behavioral issues be identified in advance so that problems can be avoided or mitigated? One approach is to conduct high-fidelity simulations of the proposed missions. That is, a crew composed of personnel similar to those expected on long-duration missions could occupy an Earth-bound spacecraft simulator for one to three years and perform tasks similar to those expected of the actual missions; contact with the “outside world” would be limited to voice and perhaps video communications. During this period, behavioral scientists would closely monitor and study the crew’s technical performance and adjustment to the confined and isolated conditions of the simulator.

[image: Images]

The first human explorers on Mars, as envisioned by artist Paul Hudson. Undoubtedly, they will experience many of the same problems encountered by explorers of previous eras. The details will differ, but the types of problems will be essentially the same. (Courtesy of Paul Hudson)
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Possible modular lunar facility to support the extraction of oxygen from surface material. Living off the land has been a feature of many successful expeditions in the past. (Courtesy of NASA)

Controlled experiments and high-fidelity simulations would provide valuable information for the design of facilities and procedures. Also, they would be extremely useful as components of a personnel selection program if actual mission candidates were to participate as crew, and they would provide valuable training experiences for both crew and mission support personnel. Ultimately, full-mission simulations will be necessary prior to the actual implementation of long-duration space missions. But, at this early stage of program development, there is an approach available that is likely to be instructive and certainly far more cost-effective than a high-fidelity simulation of a long-duration space mission. That approach is the study of Earth-bound conditions that are similar in important ways to proposed lunar and interplanetary missions.


CHAPTER 1

SCIENTIFIC CONCERN ABOUT BEHAVIORAL EFFECTS OF ISOLATION AND CONFINEMENT

Although people have lived and worked under conditions of isolation and confinement for countless generations, only since the 1950s has there been a scientific interest in understanding the problems associated with human adjustment to those conditions.1 For the most part, this interest can be traced to two events: (1) the recognition that isolation and confinement played integral roles in the “brainwashing” of prisoners of war during the Korean War and (2) the development of a highly disruptive schizophrenia by a member of the team that was sent to Antarctica to prepare for the 1957–58 International Geophysical Year (IGY) program.

SENSORY DEPRIVATION

Interest in brainwashing led to a series of studies during the 1950s that involved individual isolation and sensory deprivation. Work by Hebb, Vernon, Zubek, and other experimental psychologists resulted in limited agreement concerning the effects of perceptual or sensory deprivation. Early studies report a variety of unusual subjective phenomena, such as vivid and highly structured hallucinations, delusions, and gross alterations in perception upon emerging from isolation. In addition to these introspective accounts, objective evidence was obtained that indicated increased susceptibility to persuasion, impairment in cognitive and perceptual functioning, and a progressive slowing of alpha frequencies with increasing duration of isolation and sensory deprivation (Zubek 1973). It was later learned that two persons isolated together, where some social exchange was possible, did not exhibit the serious perceptual distortions characteristic of individual isolation. Apparently, the stimulation provided by just one additional person is sufficient to mitigate most of the perceptual effects of isolation and sensory deprivation.

Sensory deprivation is not considered to be a central concern for long-duration space missions because it is anticipated that they will be conducted by crews composed of at least four individuals; that is, the stimulation provided by interactions with other crew should eliminate concern about sensory deprivation effects under normal operations. Problems could occur, however, if an individual were to become isolated, for example, as a result of equipment failure.

ANTARCTIC RESEARCH STATIONS

The Antarctic incident involved the emergence of psychotically paranoid behavior by a member of the crew sent to Antarctica in 1955 to establish the main U.S. base on the continent. The only psychological intervention possible by on-site medical personnel could not help the individual recover a rational state of mind; he slipped into increasingly disruptive behavior that negatively affected others in the group. A special room, lined with mattresses, was built adjacent to the infirmary to contain the sounds of psychotic ravings and to protect the seriously disturbed comrade. This intervention failed, however, and the individual spent most of the remainder of the winter under sedation.

The incident shocked the managers of the Antarctic program and led to an area of study directly relevant to the problems associated with long-duration space missions. Psychological studies, sponsored by the Navy’s Bureau of Medicine and Surgery, were immediately initiated at U.S. Antarctic stations during the IGY. Mullin, Connery, and Wouters (1958), Mullin and Connery (1959), and Mullin (1960) interviewed and tested eighty-five members of wintering-over parties. The researchers found that more than one third of the men experienced “absentmindedness and wandering of attention”; a few individuals reported an extreme degradation of vigilance that is described by Mullin as “mild fugue states” (1960). An individual might remember leaving his quarters but then found himself somewhere else several moments later and wondered how he got there and why he was there. Reports of these mild dissociative states later inspired a program of research concerning hypnotic phenomena (Barabaz 1984).

Also, during the IGY, Rohrer (1961) conducted interviews and made observations concerning individual and group adjustment problems. Smith (1961) and Smith and Jones (1962) evaluated selection procedures for Antarctic scientists, and Smith (1966) studied group structure and social relations during a dangerous seven-man Antarctic traverse of four months’ duration. Based on the results of psychological tests, diary observations, and medical records, McGuire and Tolekin (1961) evaluated individual and group adjustment at South Pole Station in 1959. Nardini, Herrmann, and Rasmussen (1962) studied the psychiatric screening program during and immediately following the IGY; they concluded that psychiatric evaluations had been relatively successful in predicting the performance of individuals as determined by leaders’ ratings.

Since 1961, E. K. Eric Gunderson of the Naval Health Research Center (NHRC) has conducted the bulk of research involving the behavior and selection of Antarctic personnel. The objectives of Dr. Gunderson’s research have been to study the nature and degree of stress experienced in the Antarctic environment, to construct improved selection methods, and to develop effective performance measures. Gunderson studied groups, ranging in size from eight to thirty-six men, composed of approximately 60 percent Navy personnel and 40 percent civilian scientists and technicians. Gunderson found that, although cases of psychosis or severe neurosis were extremely rare at the early Antarctic stations, minor emotional disturbances were very common (Gunderson 1963). He also found a significant decline in morale among the military personnel during the winter but little or no decline among the civilians; he concluded that occupational role can be a factor in adjustment to isolation and confinement (1966a). Perhaps most important, Gunderson identified three behavioral components of effective performance: (1) emotional stability, (2) task motivation, and (3) social compatibility. Earlier, Gunderson and Nelson (1963) had found that the best single measure of effective individual performance was a standard score derived from the choices of peers and supervisors regarding whom they would prefer to have in their groups if they were to return to Antarctica.

Capt. Paul D. Nelson, a Navy social psychologist, focused on the attributes of successful leaders at U.S. Antarctic stations (Nelson 1962, 1964a, 1964c; Nelson and Gunderson 1963a). Nelson found that esteemed leadership was correlated with a relatively democratic approach, in which the leader participated in group activities, developed personal relationships with each member of the group, and sought individual opinions of the members in matters that directly concerned them. Popular leaders were more self-confident and alert, but the characteristics in which they most differed from unpopular leaders were emotional control, adaptability, and the ability and motivation to maintain harmony within the group. The sources of data for the extensive series of NHRC studies were clinical examinations, military records, questionnaires, station leaders’ logs and diaries, debriefing interviews, and observations made during site visits.

Later, anthropologist Lawrence Palinkas, working for Eric Gunderson, conducted a longitudinal study, in which he examined the health and service records of more than three hundred enlisted Navy personnel who wintered over at small, isolated Antarctic stations between 1963 and 1974. He found that their winter-over experiences did not place them at any greater risk for first hospitalization subsequent to their return from Antarctic duty than those who applied for Antarctic duty but did not serve. In addition, he observed no significant differences on any of the long-term performance indicators that he reviewed. Further, he found that individuals with high needs for achievement and control over others were likely to experience a reduced risk for long-term disease incidence (Palinkas 1987b). Also, Palinkas (1987a) discusses the relevance of Antarctic stations as models for the human exploration of Mars.

In other research programs, Palmai (1963) studied a small Australian contingent that wintered on Macquarie Island. He reports a decline in morale and increases in interpersonal conflict and psychosomatic complaints. Owens (1966, 1968) studied four winter-over groups of the Australian National Antarctic Research Expedition. He makes the important distinction between living at a permanent station and participating in more dangerous work in the field. He also reports evidence that single men adapted better to the isolation and confinement of Antarctica than their married comrades, who were separated from their wives. A few years later, Desmond Lugg wrote a medical thesis titled Anatomy of a Group in Antarctica (1973); his subsequent research concerning Australian Antarctic personnel indicates a relatively low incidence of mental disorders, on the order of 4–5 percent of total morbidity. He reports:

Many nations and Antarctic operators deny the existence of psychiatric and psychological problems. Some nations do vast batteries of preselection tests; others do nothing. In private discussions with doctors and researchers from a number of nations currently working in Antarctica, the figures given here that 4 to 5% of the total morbidity is related to mental health probably represent the average findings for groups in Antarctica. With insomnia and other (minor) conditions being included in the classification, it is obvious that severe psychotic and neurotic illness occurs at a frequency much lower than 4%. (Lugg, 1991, 39)

Taylor writes with considerable insight about the New Zealand Antarctic Program (1978, n.d.). He finds no significant differences between baseline and postmission personality measures, despite the subjective reports by personnel (e.g., slowing down, impaired memory, apprehension). Taylor suggests that crews be selected on the basis of optimum compatibility; his notion of selecting crews, rather than individuals, is a good one and predates the introduction of the concept in the field of aviation personnel selection.

In a more recent work, Rivolier and colleagues describe the International Biomedical Expedition to the Antarctic (IBEA), an overland excursion performed during a six-month period in 1980–81. The IBEA was conducted, in part, to demonstrate the relevance of Antarctic conditions to space programs:

While it is important to ensure that in future development of Antarctica humans are not the weakest link, it is possible to envisage the isolation, uniquely available there, as a model for long term space travel. (Rivolier et al. 1988, xxv)

The authors discuss and explain physiological and psychological responses to expedition conditions, including serious individual and interpersonal problems that occurred among the twelve men from five countries. They report, “Some developed physical problems, others withdrew into themselves and one withdrew from the scene entirely” (Rivolier et al. 1988). Rivolier and Bachelard (1988) elaborate on the similarities between living at an Antarctic scientific base and on a space station. They draw on their IBEA experiences and many years of support to French Antarctic and other remote-duty programs to develop recommendations concerning the design and operation of remote-duty stations, such as space facilities.

OTHER REMOTE DUTY

Several additional conditions characterized by long-duration isolation and confinement, including remote military outposts, submarines, and underwater habitats, have been the objects of behavioral analysis. For example, Sells (1962) finds that men who adjusted well to remote Arctic military bases were those who also adjusted well to their military assignments elsewhere. Wright and associates (1967) investigated the adjustment to Arctic isolation of nearly two hundred civilian electronic technicians employed by the Bell Telephone Company to staff the radar stations of the Mid-Canada Defense Line. The technicians lived in remote groups of two to eight men each. The authors suggest that the factors differentiating well-adjusted and poorly adjusted groups appear to be relatively independent of Arctic conditions.

The advent of nuclear-powered submarines and their extended endurance capabilities stimulated interest in the behavioral and psychological feasibility of long-duration submerged patrols. In an early study, Weybrew (1957) identifies some of the symptoms of stress resulting from submerged isolation and confinement onboard the USS Nautilus: fatigue, dizziness, headaches, muscular tension, and amotivation. In a later study onboard a Polaris-class submarine, Serxner (1968) identifies the primary causes of stress among crewmen during sixty-day submerged patrols. These included the inability to communicate with persons in the outside world, insufficient personal territory, monotony, and concern for the conduct and welfare of family members ashore. Serxner, as well as other investigators since the Polaris study, find depression to be the common mode of adjustment to the confined and isolated conditions onboard submarines. A continuing Navy program of behavioral research aimed at maximizing the productivity and readiness of nuclear submarine crews has resulted in the incorporation of many design and operational features and motivational techniques in both ballistic missile and attack submarines.

The vast depths of the world’s oceans frequently have been compared, by scientists and novelists alike, to the isolation of outer space. In many ways, the preparations necessary to sustain human life in these radically dissimilar environments are the same (e.g., a relatively small, pressurized habitat; complex life-support systems; communications difficulties; hostile outside environment). The similarities of undersea habitats (e.g., Tektite I and II) to space vehicles have been recognized and made a focus of research concern. The similarity is apparent from Radloff’s (1973) description of Sealab II.

Saturation divers are under severe stress; furthermore, those stresses have not been imposed or contrived by psychologists. While their spatial separation from a normal environment may seem slight, they are separated by many hours or even days … from a return to the normal world, because of decompression requirements. Saturation divers live in constant danger from equipment failure or human error which could result in fatal or disabling accidents. They live in close confinement and are highly dependent on each other and on surface support personnel, (p. 197)

The results of several undersea habitat experiments are reviewed in previous research for the National Aeronautics and Space Administration (NASA) (Stuster 1983, 1984, 1986). They include Conshelf, Ben Franklin submersible, Tektites I and II, and Sealab II. In addition, interviews with saturation divers working in the offshore oil industry offered an operational perspective on life in the isolation and confinement of a deck-mounted saturation chamber. The experiences of saturation divers who live and work in a commercial, rather than a research, environment are considered to be particularly relevant to the more mature stages of space habitation.

Laboratory and field experiments simulating confinement and isolation are also relevant. The physical conditions of the isolation studies range from French cave experiments to high-fidelity simulations of technical environments. Recent examples include a full-mission simulation of a military system designed for remote, sustained, and autonomous operation (conducted for the U.S. Strategic Air Command in 1989 by a group of military and civilian researchers) and Ragnar Værnes’s multidisciplinary human isolation studies conducted for the European Space Agency (ESA) (1991, 1993). The military simulation involved specially designed railcars; the ESA simulations used chambers at the Norwegian Underwater Technology Centre (NUTEC) in Bergen, Norway, to simulate spacecraft.

Another area of analysis concerns circumstances involving involuntary isolation, such as shipwrecks, disasters, and prisons. Although the risks and motivational factors associated with those conditions differ greatly from what might be expected of a space expedition, useful information might be obtained from experimental studies and accounts of involuntary isolation and confinement for long durations.


CHAPTER 2

DESCRIPTION OF THE RESEARCH

The objective of the book’s research, as described in this chapter, is to develop procedural and design recommendations concerning biological, psychological, and sociological issues associated with long-duration space missions. The fundamental assumption, on which the technical approach to the research is based, is that a potentially useful source of behavioral data exists in the forms of “naturally” occurring groups living and working under conditions of isolation and confinement. Further, I believe that this approach is assisted, rather than impaired, by the naturally occurring conditions; that is, field conditions are imposed with greater force and fidelity than a researcher could possibly produce in a laboratory or simulation. It is my intention to capitalize on this fidelity through exploration of the enormous reservoir of human experience analogous to space missions.1

DEFINING THE LIKELY CONDITIONS OF SPACE MISSIONS

Before beginning the study of conditions on Earth that might be analogues to space missions, it is first necessary to learn more about what lunar and interplanetary missions might be like. Developing an understanding of possible long-duration space missions is necessary to determine if the assumptions about the similarity of those missions to Antarctic research stations and expeditions are correct. I defined probable space mission parameters by reviewing published sources and planning documents provided by NASA.

Many published sources contain detailed plans for both lunar and interplanetary missions.2 The moon is always within a few days of Earth by spacecraft; consequently, the major differences among the various lunar scenarios are determined by time spent on the surface and the size of the crew. There are several options for getting to Mars; however, they involve different trajectories and different transit and surface durations. Oberg (1982) provides a summary of thirty years of plans for missions to Mars, beginning with Wernher von Braun’s 1952 proposal titled Das Marsprojekt. In this early plan, ten large spacecraft would travel in convoy to Mars; they would carry three “landing boats” to transport fifty people and supplies from martian orbit to the surface for a stay of four hundred days. In a later plan, the fleet was reduced to two ships, each with a crew of twelve. By the mid-1960s, several engineering studies had been completed regarding a mission to Mars under the reasonable assumption that a successful Apollo Program would lead to this next logical step. Most of the mission scenarios of this period involved crews of four to six and mission durations of two to three years.

Oberg (1982) and O’ Leary (1987) describe the physics of getting to Mars in understandable terms. A key factor that will determine the expense of a Mars mission is the number of launches required to lift the components of the interplanetary spacecraft out of the gravity well of Earth to be assembled in low Earth orbit; fuel for the voyage will be among the heaviest components. The trajectory to Mars that requires the least fuel, called a Hohmann transfer, begins with a departure from Earth orbit when the Earth is at its closest to the sun (perihelion) and ends with arrival at Mars at its farthest point from the sun (aphelion). This outward-bound leg of a Mars mission would take about nine months with the use of conventional chemical propulsion. The planets are properly aligned for this trajectory every two years (i.e., one martian year); however, an eighteen-month stay on the surface would be required to wait for the planets to move into position for the second Hohmann transfer for a return to Earth. O’ Leary suggests a “Venus swing-by” as a means to reduce the mission duration from three years to somewhat less than two years; the Venus swing-by option would provide astronauts with about sixty days on the surface of Mars. He also suggests a high-speed flyby of Mars without making a landing; in this plan, the planet’s gravity is used to swing the spacecraft promptly back to Earth within a total mission duration of twelve months, the quickest Mars mission scenario that has been identified. A variation of the Hohmann transfer with Venus swing-by is the option selected by former Apollo astronaut Michael Collins (1990) in his description of a mission to Mars. Collins borrows liberally from many sources to describe his “vision” of a Mars mission, including the behavioral problems that the four-person crew might encounter during their twenty-two months together.

Among the more recent proposals for a mission to Mars is a variation of the Hohmann transfer with a Venus swing-by that requires only seven-month transits in each direction, with a sixteen-month stay on the martian surface (Zubrin and Baker 1990). In this plan, only one robotic staging mission would be needed to establish an automatic processing plant to produce the fuel required for the four-person crew’s return to Earth. A modified version of this approach, involving six-month transits and eighteen-month surface stays, is also possible (Foley 1995). Also, Mark and Smith (1991) propose a “fast track” approach to Mars, using an ion rocket vehicle, that would reduce the mission duration to about fourteen months: five months to Mars, one month on the surface, and seven and one-half months to return to Earth. This plan calls for the three-person crew to be preceded by two automatic staging missions, powered by conventional rockets, that would each require three years to reach Mars.

Table 1 summarizes several plans for missions to the moon and Mars developed by NASA and the aerospace industry. Important trade-offs must be made between mission duration and energy expenditure when determining which option to select for either a lunar or a Mars mission. For a lunar mission, the trade-off is primarily between longer surface stays and fewer launches required to rotate crew personnel. The equation is more complicated for a mission to Mars, in which more energy means a faster transit to and from the destination. More energy, however, means more launches to haul more fuel into Earth orbit and construction of faster spacecraft. Thus, more launches equal higher costs.

What makes these trade-offs complicated are the unknown factors. Will the physiological effects of space travel, such as bone demineralization, muscle atrophy, and radiation loading, limit mission duration for the human crew? Is there a reason to limit mission duration out of concern for the crew’s mental health and performance or because of other psychological factors? Or, would the additional cost of developing systems to support a human crew on a longer, more energy-efficient mission negate the savings in fuel and staging launches?

The cost of developing systems to support the crew during extremely long voyages probably would be much greater than that needed for support systems in shorter missions. The typical approach to achieve the increased reliability necessary for longer missions has been to add backup systems; triple redundancy is NASA’s traditional approach. Triple redundancy is not a bad idea, but it increases costs significantly (both system costs and the weight penalty of the additional hardware). One way to reduce the costs of long-duration reliability is to provide a single backup to on-board systems but design the systems for maintenance by the crew. Alternatively, no backup system would be necessary if the system were designed to degrade gracefully and if sufficient spare parts were provided for repairs by the crew. Mission cost is outside the scope of this book except to the extent that the results of my research provide information about one of the important unknown factors, namely, the ability of human crews to endure long-duration isolation and confinement.

Table 1. Summary of Possible Missions to the Moon and Mars
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The results of the review summarized above indicate that crew tour durations for lunar bases might exceed two years and the durations of missions to Mars might exceed four years (i.e., two-plus years on the surface of Mars and approximately one year in transit each way). The most likely mission scenarios, however, involve stays at a lunar base of about twelve months and a mission to Mars of two to three years’ duration.

Crew size might range from as few as four personnel during initial missions to more than thirty individuals in a fully mature lunar or martian outpost. Crew tasks would include facility construction and assembly, operation of automated and robotic equipment, maintenance of equipment, geological and biogeological fieldwork, Earth observation and astronomy, life sciences experiments, housekeeping functions, and administrative tasks. The anticipated crew sizes and the work likely to be required of crews on long-duration space missions are comparable to these factors at smaller and earlier Antarctic research stations and on many previous expeditions. Further, the outside environments in Antarctica and in space are similar in their hostility to human life. Although Mars is colder than Antarctica, the average annual temperature at South Pole Station is –60°F. Under normal wind conditions at this temperature, exposed flesh freezes in fewer than thirty seconds. Temperatures drop to –112°F during the winter.

The similarity of life at Antarctic research stations to life onboard spacecraft and at future lunar or planetary bases has prompted many observers to make behavioral inferences about life in space from life in Antarctica. With the exception of Sells’s (1973) efforts to develop a taxonomy of isolation and confinement, however, little attention has been devoted to evaluating the appropriateness of the comparisons or the likely utility of the inferences. In a previous study, I made systematic evaluations of relevance by comparing thirteen conditions characterized by isolation and confinement to a low-Earth-orbit space station; comparisons were made in terms of fourteen dimensions, including size of group, duration of tour, amount of free time, and hostility of outside environment (Stuster 1986). That evaluation found the twenty-person South Pole Station to be only sixth of the thirteen analogues in similarity to a space station; the only expedition on the list was rated eleventh. The leading analogues were Skylab 4 (naturally), three undersea habitat experiments (Sealab II and Tektites I and II), and ballistic missile submarines, but those comparisons were made to a ninety-day space station tour, not to a twelve-month lunar surface stay or a three-year mission to Mars. I believe that a systematic evaluation of the type performed for a space station would result in high ratings of similarity for both small Antarctic research stations and certain expeditions from the recent and historical past.

Scientists, engineers, and other professionals apparently agree. Officials of the National Science Foundation (NSF) and NASA discussed the possibility of building prototype lunar and Mars outposts in Antarctica to evaluate life-support hardware, science equipment, and telerobotic operations, as well as to investigate human adaptation to isolated and confined conditions (David 1990). NASA/NSF (1990) developed a formal plan and progress has been made toward achieving the ultimate goal. In the meantime, researchers from Australia, the European Space Agency, and the French Polar Program approached NASA Life Sciences managers with offers of cooperation and assistance. The NASA-International Space Analogue Research Program (NISARP), implemented in 1993, involves the conduct of interdisciplinary research at the Dumont d’Urville station in Antarctica and at several remote-duty stations located in the South Indian Ocean. Currently, plans are being developed to conduct high-fidelity simulations of lunar base operations at a specially built, internationally staffed Antarctic facility to be called DOME-C.

It is important to understand that all interest in life at Antarctic research stations as a model, or testbed, for life in space derives from two factors: (1) the clear similarities of the conditions, in terms of the isolation and confinement, hostility of outside environment, types of tasks performed, composition of group, and so forth, and (2) the recognition that the important conditions are imposed with greater force and fidelity under actual isolation and confinement than possibly could be imposed in a more controlled laboratory simulation. Tierney (1984) writes:

Antarctica has been heralded as a laboratory for the space program ever since the 1959 Antarctic Treaty, which dedicated the continent’s five million square miles to “freedom of scientific investigation” and foreshadowed the outer-space treaty of 1967. Planners of the Mariner missions to Mars used Antarctic valleys as test models, and legend has it that Wernher von Braun’s observation of Antarctic scientists at work convinced him that manned flights were superior to automated ones. (P. 118)

Also, reportedly, the Soviet space program, during the late 1960s, utilized the Soviet Vostok Station high on the South Polar Plateau as a behavioral testbed in preparation for the Salyut Program. More recently, Antarctica has been the site of U.S. experiments involving the remote operation of robotic devices similar to those anticipated for future space missions.

As mentioned previously, the guiding hypothesis of this study is that the duration of a space mission is likely to be a principal factor affecting individual adjustment, performance, and productivity. Also, mission duration and crew size are principal factors in issues involving group interaction. For these reasons, I determined that previous assumptions about Antarctic stations and the experiences of explorers probably were correct. In other words, twelve months at a small Antarctic research station is about as close to what life at a lunar base might be like as can be achieved here on Earth; multiyear expeditions to the polar regions and other remote areas are perhaps comparable to what might be expected for a mission to Mars. As a result, my interview and archival research focused on Antarctic research stations and exploratory and scientific expeditions as the most relevant conditions analogous to the long-duration space missions defined earlier.
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Artist Robert S. Murray’s concept of a Mars analogue habitat located next to an ice-covered lake in the dry valleys of Southern Victoria Land, Antarctica. With a facility such as the one depicted in the illustration, space expedition planners could test and evaluate operational procedures, habitat design, and other equipment and conduct studies of human performance and behavior under conditions similar to those expected at a future planetary outpost. (Courtesy of Robert S. Murray and Martin Marietta)

IDENTIFYING BEHAVIORAL ISSUES

The next research step was to identify the behavioral issues that have design and procedural implications for long-duration isolation and confinement. I identified several key behavioral issues by reviewing the relevant literature and interviewing NASA space human factors specialists. There is considerable overlap between the issues that I had identified previously for space stations and those identified as relevant to long-duration space missions, but there are also significant differences. My previous study addresses design implications only, whereas this work encompasses a range of behavioral issues, including leadership, personnel selection, and the remote monitoring of performance. Despite the overlap of issues, there will be fundamental behavioral differences between relatively brief and routine tours of duty on a low-Earth-orbit space station and a long-duration space mission of a more expeditionary nature.

A preliminary list of issues guided my open-ended interviews with Antarctic winter-over personnel and others experienced in living and working under conditions of isolation and confinement. I added issues to the list as they emerged from the interviews and review of archival data.

Fifteen behavioral issues are used to organize and present the results of the research discussed in Part II:

1.  sleep

2.  clothing

3.  exercise

4.  workload

5.  leadership

6.  medical support

7.  personal hygiene

8.  food preparation

9.  group interaction

10.  habitat aesthetics

11.  outside communications

12.  recreational opportunities

13.  personnel selection criteria

14.  privacy and personal space

15.  remote monitoring of human performance and adjustment

IDENTIFYING SOURCES OF INFORMATION

During previous research for NASA (Stuster 1986) and ESA (Stuster 1990a, 1990b), I had found additional sources of potentially valuable behavioral data in the forms of personal journals, logs, diaries, other archival records, and published accounts of scientific expeditions and voyages of discovery. The personal and operational experiences of explorers and remote duty personnel, represented in materials of this type, are an untapped and potentially valuable source of information concerning the design of equipment and procedures for future explorers of the moon and Mars.

Four categories of sources, as illustrated in Figure 1, provide information about the behavioral issues associated with isolation and confinement at Antarctic stations and during multiyear expeditions:

1.  personal interviews

2.  diaries, logs, and journals

3.  debriefing reports

4.  accounts of expeditions

[image: Images]

Figure 1. The four primary sources of information for the study

The research activities concerning each of the sources are described above.

Personal Interviews

I conducted open-ended interviews with Antarctic winter-over personnel regarding the full range of previously identified behavioral issues. Many of the people interviewed were members of U.S. Naval Construction Battalions (nicknamed Seabees); the Seabees have had the primary responsibility for construction and maintenance at all U.S. Antarctic stations, both before and since the IGY in 1957–8. The Navy Seabees have developed unique capabilities to design and build facilities, from airfields to entire military installations, rapidly and under the most hostile environmental conditions. They are also accustomed to the special requirements of limited space and life-support systems. In fact, many of the techniques used by Seabees to design special-purpose military facilities might be useful to the designers of space facilities. For example, Seabees designed an extremely compact field hospital housed within a shipping container. The container can be transported in the cargo compartment of an aircraft, then deployed on site by folding down the sides of the box; each subsystem within the hospital is hinged to fold out and snap into place. Design techniques such as these might be useful to the planners of future lunar and martian bases. In many ways, the remote-duty and special construction experiences of Navy Seabees are relevant to the development of space facilities. Interviews with Seabees and other Antarctic personnel provided valuable information about life in isolation and confinement from the perspectives of both management and operations.

The interviews with Antarctic personnel also offered considerable insight into the forms of behavior that might be useful for remote monitoring of individual adjustment to isolated and confined conditions. Most of the interview data concerning this particular topic came from former medical officers of the Seabees’ Naval Support Force Antarctica, also known as Operation Deep Freeze. The medical officers’ responsibilities included the remote monitoring of the physical and mental health of personnel at Antarctic stations. Although the force medical officers visit Antarctica each year, the remote monitoring is conducted from offices in Port Hueneme, California, nearly 10,000 miles away. A list of potential performance and adjustment indicators compiled from the interviews is discussed in chapter 17.

I interviewed former commanding officers of the Naval Support Force Antarctica, many Seabee technicians and chiefs, Navy psychologists and psychiatrists who have been responsible for screening and selecting personnel for Antarctic duty, and civilian contractors who have wintered over at Antarctic research stations. Also, I interviewed members of the French Antarctic program and other experts in the field of human performance during sustained and continuous operations.

Diaries, Logs, and Journals

Unobtrusive Measures: Nonreactive Research in the Social Sciences (Webb et al. 1966) has influenced a generation of behavioral scientists. The authors caution researchers about the influence that the research process can have on the results of a study; that is, people who know they are subjects in a study might be inclined to act differently than they would if they were not participating in a research project. Similarly, for a variety of reasons, subjects might respond with less than complete candor to questions on a survey instrument (e.g., to please, impress, deceive, or mislead the researchers), with inaccurate results as the outcome regardless of the subjects’ motivation. Caution regarding the methods used applies to all behavioral science research, but it is particularly important when socially sensitive issues are involved or when participants’ responses might be perceived as having possible negative consequences, despite the researchers’ assurances of confidentiality or anonymity.

Webb and colleagues encourage the use of unobtrusive measures, research techniques in which subjects are unaware that they are participating in a study, as a means to avoid the intentional and unintentional biases of subjects. Pursuing this approach in behavioral research sometimes requires considerable creativity and patience, but it eliminates the need to make the dubious assumption that subjects are not influenced by their participation in a study. For example, self-reported data by participants in a recent military simulation were questioned when the sleep logs and mood inventories of the officer in charge (OIC) appeared to be too consistent. A review of videotapes made to monitor the simulation unobtrusively proved that the OIC’s responses were inaccurate, probably to conceal the sleep deprivation that he was experiencing as a result of his leadership style and the fast tempo of the simulated operation. In this case, the unobtrusive monitoring of behavior was more reliable than the traditional questionnaire approach. Capturing behavior on videotape can be an effective unobtrusive technique, even when the participants know the cameras are present; participants eventually become desensitized to the cameras and behave normally, which is the basis for the best cinema verité documentaries. Subjects rarely become desensitized to questionnaires.

Nelson concludes his chapter on the indirect observation of isolated and confined groups with the same quotation from a statistics text that Webb and colleagues use in the conclusion of their work. It was appropriate more than two decades ago, and it is particularly appropriate in the current context:

We must use all available weapons of attack, face our problems realistically and not retreat to the land of fashionable sterility, learn to sweat over our data with an admixture of judgment and intuitive rumination, and accept the usefulness of particular data even when the level of analysis available for them is markedly below that available for other data in the empirical area. (Binder 1964, 294; quoted in Nelson 1973, 190)

In 1969, the NATO Symposium on Man in Isolation and/or Enclosed Space essentially defined the field of study described by the title of the edited collection of papers that emanated from that symposium, Man in Isolation and Confinement (Rasmussen 1973). In that important collection, Nelson (1973) suggests the use of several indirect methods for the study of isolated and confined groups; these include interviews, questionnaires, site visits (i.e., observation), organizational records, and diaries or logs.3

Self-initiated diaries and official logs usually provide descriptive accounts of events in a chronological sequence; whether nautical, meteorological, logistic, or personal, they are always responding to the question, “And then what happened?” (Labov and Waletzky 1967). This is precisely the question that behavioral scientists would ask if they had access to the isolated and confined group described in the text; instead, the answer is provided in the form of a narrative account, or record. The level of detail provided in a well-written narrative can be considerable and sometimes overwhelming. It must be understood that many of the accounts in this book were written in simpler times, before electronic communications had reduced the arts of letter writing and journal keeping. In particular, before the advent of the telephone, most literate people wrote long and thoughtful letters about the important issues in their lives. Further, when people traveled, they typically maintained journals of their experiences that were often rich in detail and usually illustrated by pencil or charcoal sketches. The ubiquitous camera replaced the diary or journal, as the telephone eliminated the need to compose one’s personal thoughts and observations to another on paper. A common response of (even) modern folks to isolation and confinement, however, is to become avid letter writers and journal keepers. Even the most unlikely candidates, such as oil field saturation divers, have been known to develop latent writing skills and conduct lengthy correspondence during their weeks of confinement to a pressurized deck chamber. Some members of expeditions use their diaries as outlets for the feelings that they dare not permit themselves to expose or act upon. In this way, maintaining a diary serves a therapeutic purpose for some individuals.

Riessman (1993) maintains that traditional research methods are limited in their abilities to provide an understanding of social life; she suggests that the analysis of narratives, such as found in letters and diaries, can transcend those limitations, thus revealing the organizing principle for human action. Further, reviewing diaries, logs, journals, and other archival sources is a less obtrusive method of obtaining information about individuals and groups than either interviews or questionnaires. Perhaps more important, archival materials can be the only sources of information about previous experiences, such as the expeditions and voyages of discovery conducted in the historical past. I identified several relevant diaries during the current study, and reviewed them with references to the behavioral issues that have design and procedural implications. The diaries included both unpublished and published materials. Examination of a broad range of materials was important to this study; as a consequence, the documents reviewed range from a recent translation of Columbus’s log of his first voyage of discovery (Fuson 1987) to the diary of a Russian cosmonaut (Lebedev [1983] 1988).

People who are unfamiliar with nautical matters often fail to comprehend the nature of a ship’s log. The log is a record maintained for the vessel’s aid and safety; it is a running account of the daily progress that is made and a repository for the information that would be necessary to replicate the voyage or retrace the course to safety. The dead-reckoning navigator must systematically record many details, including heading, speed, sea state, winds, leeway, and all other factors that might affect the ship’s course. Before the relatively recent development of extraordinary technologies, navigators were forced to be scrupulous and systematic in their recording because that was all they had to determine their location. Similarly, the logs of military and other remote duty stations are maintained not for posterity or to prove a point, but to record events as they occur.4

One of the most interesting unpublished documents that I reviewed is the Commanding Officer’s Log for the Williams Air Operating Facility on Ross Island, McMurdo Sound, Antarctica. Lt. Comdr. David Canham, Jr., maintained the log from 20 December 1955 through 24 March 1957, the period during which the Navy was preparing for the IGY. In 374 pages of single-spaced type on legal-size onionskin paper, the young officer described the complete sequence of events regarding the first establishment of a permanent human presence in Antarctica. The log begins with the anchoring and unloading of the ship that brought the Navy Mobile Construction Battalion and associated civilians to Ross Island. The log continues with daily descriptions of the progress made and the problems encountered as the men established a temporary base camp, then struggled to build an airfield and a permanent facility to protect them from the hostile Antarctic environment. Canham describes the reaction of the men to the accidental death of a young equipment operator in their third week on the ice. He portrays several additional crises, including the highly disruptive psychosis, mentioned earlier, that emerged only three months into the fifteen month mission. Many less dramatic problems are documented in the log, as well; personal communications with loved ones and relations with command personnel located elsewhere were constant sources of aggravation to the winter-over party.

The structural similarities between the pioneering experience described in the commanding officer’s diary and what might be expected of lunar and planetary exploration are clear. This unique source of information describes many of the problems that are likely to confront the astronauts selected to establish the first lunar base or martian outpost. Perhaps more important, the log also details the responses and attempted solutions to the problems. The responses are sometimes successful in their outcome; in other instances, they fail. Many important lessons relevant to space mission planners can be learned from both the successes and failures, as well as the other experiences, of the men who established the first permanently occupied facility in Antarctica. Among the many additional diaries and journals that I reviewed, none was so clearly relevant to future lunar and planetary expeditions as this unpublished document.

Debriefing Reports

Each year, a specially configured C-130 cargo plane arrives at South Pole Station in late October, which marks the end of the Antarctic winter for the twenty station inhabitants. On the plane are food and other supplies, crew replacements for the next winter, and some temporary visitors, including a Navy psychologist. During the next three or four days, the psychologist interviews each of the winter-over personnel about their experiences. Formal psychological tests are often administered by the psychologist, in addition to the personal interviews, or debriefings. The objectives of these debriefing sessions might include any of the following:

•  Assess the functioning of each individual at the end of the winter-over period.

•  Make recommendations regarding reentry of the individual into society.

•  Assess the functioning of the group as a working unit.

•  Make recommendations regarding group effectiveness in the future.

•  Obtain feedback regarding the prewinter psychiatric screening.

•  Obtain information to assist future screening.

A similar interview protocol is followed by all of the debriefing psychologists, but the format, style, and behavioral focus of the debriefing reports vary with each psychologist. Some of the reports are extremely long and detailed, whereas others are more to the point. The reports always include the psychologists’ evaluations of the winter-over personnel. In particular, individuals who are identified to have adapted badly or to have been disruptive during the winter are not recommended for a return to the ice, if they should apply. Psychological intervention measures or treatments for alcoholism are specified for others. Members of the party who appear to the psychologist to have performed well are also identified. All recommendations are supported by information obtained by the psychologists during the interviews that include self-ratings and ratings of other crew performance during the winter-over period.

The psychologists frequently note that the debriefing interview appears to serve a psychological need of those interviewed. For troubled individuals, the debrief is often an opportunity to convince the psychologist that they are really all right and that any stories that might be circulating about them are untrue or, at least, exaggerations. For most of the participants, the debriefing interview appears to be an opportunity to bring closure to an important experience in their lives.

The debriefing reports are considered to be confidential in the medical sense. For this reason, Navy psychologists removed the names of station personnel from the documents before providing them to me for review. Throughout this book, further steps are taken to protect confidentiality during discussion of any debriefing reports so as to prevent the attribution of particular behaviors to specific facilities or individuals.

A well-prepared debriefing report provides an excellent “case study” of life in isolation and confinement. By extrapolation (and with a few assumptions), these examples suggest what might be experienced in future remote duty outposts, such as onboard spacecraft and at lunar and planetary bases. Following is a summary of a representative debriefing report for a relatively small Antarctic station:

•  Personal jealousies and animosity among three individuals, including the station leader, were disruptive to the group throughout the winter.

•  Four of the male crew members persisted in bothering the few female personnel with requests for dates and sexual favors, despite having received firm negative responses from the women.

•  Three of the crew members suffered breakups of relationships with wives at home; two men experienced the deaths of loved ones. One unfortunate man who suffered two deaths and a “Dear John” letter developed a major depression, which responded to medication.

• The power plant operator was poisoned by carbon monoxide and received medical treatment for five weeks.
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