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I. INTRODUCTION

The field of aerospice medicine plays a vital role in the selection, prepar-
ation and protection of astronauts. In order to insure the success of space missions
and the present and future health of the astronauts, great care is taken to choose
the best quelified persons for these vital roles. The election of potential candi-
dates is made according to the state of health, the skills and personal qualifica~
tions, and the ability to withstand the stresses of space flight.

Only one female has to date participated in a space flight. In June, 1963, Val-
entina Tereshkova became the first wcman in space by orbiting the earth 48 times
as pilot of tﬁe Soviet Union's Vostok & spacecraft (8). The United States, however,
has not thus far had a female astronaut. There are undoubtedly many nonscientific
reasons for this: residual cultural traditions of protecting females from danger
and physical hardships; protecting the American male ego by barring women from cer-
tain professions (notably the "hero'" image producing fields); and preserving public
confidence in and, hence, political strength of, American space programs by select~
ing astronsuts who present an image of complete competence and durability.

As modern society becomes more technical, women are assuming increasingly im-
portant and sophisticated iresponsibilities. Today's political, social and educa-
tional institutions provide women with unprecedented opportunities to contribute
to the explosive growth of technology, and it ie not surprising that many are in~
terested in participating in the conquest of space. Although the traditional psycho-
logical impediments are diminishing, they have produced some scientific reasons why
the U.S. has had no female astronauts. Womer's two major obstacles have been the
lack of skills required for astronaut selection and a lack of data on the female's
tolerances for space flight stresses. The latter problem has been partially reduced
by the 1973 tests conducted by the U.S. Air Force at the Ames Research Center in
California. Based on the test results of 12 Air Force nurses, which indicated
that females apparently tolerate space flight stresses as well as males, NASA

announced that women will not be excluded from the crews of the plaunned space shuttle

flights.
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II. DISCUSSION

Assuming they posuess the same educational and intellectual qualifications,
the female astronaut has certain physiological advantages over the male. Women
are generally lighter in weight and require less oxygen and metabolic nourishment,
important considerations when every pound of added capsule weight iz a detriment
to cost and capability factors of manned spacecraft. Examination has shown that
women react more quickly to stim:li, tolerate boredom and monotony better, and

are less prone to hallucinations during periods of sensory deprivation (5, p. 531).

They are less susceptible to heart attacks and have a higher tolerance for radia-
tion (9, p. 5). Under the theory that astronauts should be chosen for small mass

and dependability, females would seem to be iceal subjects (7, p. 7).

Fatigue, Endurance and Responge
The obvious anatomical differences between males and females would suggest

different responses to stresses. Although very limited data are available, some
attempts have been made to evaluate these responses. Due to the innumerable variables
involved, it is difficult to draw definitive conclusions.

In one study a simple, repetitive task was performed after responding to a visual
stimulus (6). A stimuius was presented, after which the subject was required to
release a switch (reaction) and extend the hand through a photoelectric beam at a
specific distance (movement). Various stages of fatigue and boredom were observed,

until the subject reached the limit of isotonic endurance and could no longer con-

tinue to perform the task. From a comparison of the performances of men and women
in this test, several conclusions seem justified. Men are faster in arm movement
ana can perform a simple task for a longer period of time. Women respond more
quickly to a visual stimulus and seem to have a qualitative advantage in finer fore-

i arm muscle control. The subjective expressions of the subjects as tc when their

performance became slower were the same for both groups. This test of reaction
time and speed of forearm movement, varlables lmportent in the pilloting of space
vehicles, did not show the superlority of either gender 1in performing the total
task.

The Martin Company in Baltimore simulated space flight for over a year as a NASA
project in the early 1960s. They founra then that women were able to uperate the
controls for space rendezvous more quickly and efficiently than men, usually exe-

cuting the maneuver on the first or second atteapt (9, p. 13).
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Between 1959 and 1961 Miss Jerrie Cobb, a ncted pilot with an outetanding career

in aviation, voluntarily underwent extensive tes-ing by the Lovelace Foundation
in New Mexico and the U.S. Navy at Pensacola. She passed all tests and was sche-
duled to receive an airborne electroencephalogram to record brain waves under the
unusual stress of a high gravity locad-stress aerobatic pattern. Wwhen Navy Pen-
sacoia wired Washington for permission for her to fly in e Navy aircraft fer that
test, reporting that they wished to ascertain the differences between men and
women astronauts, the Pentagon sent a humorous reply: "If you don't know the
difference already, we refuse to put money into the project." (9, p. 57). Per-
mission was granted and she paesed all remaining tests, but then was named a

NASA consultant, which precluded her active participation in the astronaut pro-

program (9, p. 57).

Reactions to Altitude Conditions

Sparse data exist on the symptoms of altitude sickness in females. In one study,
a group of college girls resjded for ten weeks at the summit of Pikes Peak, Color-
ado, at an altitude of 14,100 feet. They were cbserved at their normal low alti-
tude residence before moving to the mountaintop, and were tested and questioned
several times per day. Several medications were given to relieve high altitude
symptoms, and were evaluzted as to effectiveness. Significant 1llness occurred
during the first four days at altitude, with the major complaints being headache,
drowsiness, fatigue and insomnia. Only minor gastrcintestinal and cardiorespir-
atory symptoms were reported. Blood pressures were lower and resting pulse and
respiratory rate were higher. Electrical activity and X-ray appearance of the
heart remained within normal limits. By contrast, males previously studied exhi-
bited more frequent and severe gastrointestinal symptoms and sensations of -~uly -
tations at rest, shortness of breath, chest pain and chest tightness. Whereas
men have reported changes in mood, in memory, and in ability to make decisions
and perform complex mental tasks, women were generally more adaptable to these
altitude symptoms. Of the medications used, none seemed particularly effective.
It was concluded that further attempts of reducing high altitude symptoms were
tast directed toward prevention rather than suppression (4).

A study of altitude chamber flight reactfons of both males and females over a

five year period was made at the Biometrics Branch of the U.S. Air Force School




of Aerospace Medicine, Brooks Air Force Base, Texas. The multiple emotional and
psychological paraﬁetera involved were not controlled. The method of testing vas

to perform standsrd flight profiles followed by rapid decompression, and to com-
pare reactions to dysbarism. (Dysbarism describes the condition of body distur-
bances resulting from the existence of pressure differential hetween the total am—
bient barometric pressure and the total pressures of dissolved &nd free gases

within the body tissues, fluids and cavities.) The males tested encountered the
following symptoms (in descending order): ear block, abdominal gas pain, sirus pain,
bends, hyperventilation, an¢ toothache. Females experienced eir biovk, abdominal
gas pains, sinus pain, hyperventilation, toothache and tingling. Ounly mild incidence
of bends was found among females. Of the aubjects who reacted unfavorably to de-
compression, 12.18 per cent of females had symptoms severe encugh to necessitate
removal from the chamber, as contrasted to 14.35 percent of males. However, awvout
six per cent more females than males had to be removed because of severe abdominal

gas discomfort (7).

Hormonal Functicns

One area of great concern has been the effects of flight on the female hormonal
functions. Again, no comprehensive data are available, although some information
has been obtained in altitude studies and from female airline flight attendants.

In the previously mentioned Pikes Peak study, small reductions in the aversge
duration of menstrual period and cycle length were noted at altitude. This con-
dition persisted for about two months after returning to lower altitudes. It was
pot possiblr to determine whether this adaptation had been caused by altitude alone
or by altitude and emotional stress factors combined. No noticeable changesg oc-
curred in the symptoms ordinarily associlated with menstrual periods (backache, head-
ache, cramps, etc.) (4).

lemale metabolic rates are ower and more variable than in males, since meta-

bolism usually rises before menstruation and falls afterwards.

In chamber flights, female subjects have shown more abdominal dis-
tention during the luteal phase of the menstrual cycle. It is possible
that these cyclic hormonal changes have strong influence on the sus-
ceptibility to dysbarism and could be the key factor in differences
observed in chamber flight reactions (6, p. 6).

Data obtained from female flight attendants have indicated no permanent difficul-

ties in the hormonal functions. Ir a study made from 1961 to 1967, about a quarter




of attendants noticed & woreening of menstrual functions during their first year.
However. as flying experience increased, these same women reported improvement
to or better than the pre-flying level. This indicates that psychic factors may
be of greatest importance. No evidence was found that jet flight duty produces
fufertility or increased lisbility to miscarriage., Among ex-attendants, the number
cf pregnancies and births were in keeping with national norms (2).

In the absence of conclusive qualitative data, it should at least be noted that
Tereshkova has married and borne apparently healthy cnildren since her piloreer

space flight.

Psychosocial Cbstacles

It 18 assumed that modern technology 18 capable of solving the relativeiy minor
problems »f adapting space vehicles to the specific needs of women in the areas of
personal hygiene and waste management., Changing mores in recent years have created
a new social climate between working men and women, so that the psychosocial en-
virenment aboard future mixed-crew spacecraft should not be prohibitive. However,
there are still some obstacles to the selection of females as astronauts.

It is generally held that some custs will be increased when women are admitted
to the space program, Some modifications of hardware will be required of testing
and training facilities, as well as the spacecraft itself. As we have seen, ex-
tensive amounts of clinical and experimental physiological data will have to be
evaluated before women can be safely launched into space. Since the earlier NASA
standard requiring potential astronauts to have jet pilot experience bas been re-
laxed, women no longer face de facto excluslon based on jet ratings. (Although %he
Soviet Union utilized women as jet pilots, Tereshkova had had no previous pilot
training.) Miss Cobb passed physical, laboratory, X-ray, physical competence, psy-
chological, psvchiatric, isclatiom, and Navy tests required for astrcnsut selection,
but was not permitted to receive training or to demonstrate her abilities on a aspace-
flight simulatcr. She noted some irony in this situation when she learned that
50 chimpanzees were being trained for space flight at Chimp College in New Mexico,
amoi.g vhem a female! (9, p. 17) In the realw of formal education preparation,
women have fared somewhat better thar in the practical training. As early as 1962
there wiére 146 women in Nalx alone vho were classlified asg professtonal aerospace
technologists (9, p. 01), and these numbers have increased throughout goverument

and related industries i{n the past decade.
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Some allege that an additional factor which could ultimately increase costs
could be the expected attrition rate of female aistronauts. After observation of
the psychoiogical factors among both male and f:male airiine flight attendants, some
parallels can be drawn. The stresses of fatigue, inadaptation, i{ntolerance to time-
zoune changes, difficulties with sleep, somstic asthenia, emotional lability, oscil-
lations of the thymic conditicn, and psychcsomatic problems affecting dig=stion have
been found among both male and female crew members. Under old airline pelicies,
the average duration of a female attendant's career was about 18 months. Since
the restrictions against age, weight, marital status and height were lifted, omnly
a few years ago, the average service has increased dramatically to over 5 years
(3, p. 30). The supportable inference is that women are serious about their pro-
fessions when the industry demonstrates a serious desire to retain their skills

and services.




II1. COMNCLUSTONS

It seeme inevitable that women are to be essential participonts in space flight.
Even if they were only to take on the less scicntific parts of the space nission,
or if they wished only to help "colonize" distant planets, their basic sk’ lls must
still prepare them to perform countless new tesks. The need for suitable training
and evaluation of women in this role cannot be denied. Wowe: wiil recuire iucressed
opportunities for both formal education and practical tvaining to prepare them for
the rigors of space flight. Further, it will be recesssry toc obtain extensive phy-
siological and psychological date on representative numbers of females to assess
their potential for performance and endurance in space.

The available scientific evidence indicates that many women can eventually be
fully qualified to join in the future exploretions of outer space. They will be
able to provide important resources in the fields of medicine, engineering, as-
tronomy, physics, chemistry, geology, and other specialized areas. In thc rapidly
changing psychosocial environment, many women are already =2lecting nontraditioral,
high-risk occupations. It seens likely that somg women mry sezk the challenges
of space flight. Without this eventuality, can anyone seriously expe:zt that many

men would still be willing to travel to Mare and beyond?
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