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PHYSICS OF THE ENVIRONMENT AND GENERAL
DESCRIPTION

One of the first of the spaceflight analogs, parabolic flight, is
unique in that it can provide true 0 g (weightlessness, or more
properly free fall), albeit for only short periods at a time. It can
also provide a suitable analog for a wide range of effects seen
in orbital and deep-space flight: issues related to physiology,
human factors, operational training, and procedures. This short
review will concentrate on parabolic flight as an analog for the
effects on humans of spaceflight and on its applicability as a
training environment. Many studies have used parabolic flight
as a general physiological stimulus, for example to induce
motion sickness or as a means to investigate other aspects of
physiological function. These are not considered here unless
they have a clear connection to spaceflight.
Several terms are used to denote the gravitational circumstances of spaceflight: weightlessness, zero g or 0 g, microgravity, free fall, and others. Several other terms for were used
in early published articles, such as gravity-free state, nullgravity state, and subgravity (6, 34, 43). (These early publications also show that parabolic flight predates human spaceflight and that the need to study the effects of 0 g was
recognized well before even the first artificial satellite was
launched in 1957.) It should be recognized that a spacecraft
in orbit is not truly in “zero gravity,” or it would not be in
orbit; it clearly is subject to gravitational force. Likewise, a
parabolic-flight aircraft and its occupants are not truly in
zero gravity or they would not return to Earth. In each case,
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the proper description is one of free fall, which is continuous in the case of orbital flight and intermittent in the case
of parabolic flight. For a spacecraft in deep space and not in
orbit, “zero g” or “microgravity” might be a more appropriate descriptor. For the purposes of this review, the term “0
g” is used to denote all of these situations, with the understanding that reference is made to the net gravitoinertial
force on the occupants during the periods of time under
consideration.
Probably the biggest advantage of parabolic flight as an
analog, apart from true free fall, is the ready access for
investigators and subjects. Perhaps the greatest disadvantage is
the fact that 0 g phases (or other hypo-g phases) are interspersed with hyper-g phases, which can present a substantial
confound. Another disadvantage is that the 0 g periods are very
brief— on the order of 25 s each. This calls into question the
applicability as an analog for the long-duration missions that
are now being planned by a number of government space
agencies, because significant adaptive and compensatory effects take place over time periods much greater than those
available in parabolic flight. Thus the usefulness is not currently as broad as it once was, when human spaceflights were
much shorter (days or weeks). Nevertheless, there are still
cases in which the short phases of 0 g in parabolic flight have
benefit and applicability for long-duration flights and there are
also cases of applicability to shorter flights such as those
planned by commercial operators.
There are some specific areas in which parabolic flight is
particularly useful:
• Where incremental and intermediate g levels are of use;
• Cases in which alternating g levels (usually a nuisance)
might be put to good use;
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Shelhamer M. Parabolic flight as a spaceflight analog. J Appl Physiol 120: 1442–1448,
2016. First published January 21, 2016; doi:10.1152/japplphysiol.01046.2015.—Groundbased analog facilities have had wide use in mimicking some of the features of
spaceflight in a more-controlled and less-expensive manner. One such analog is
parabolic flight, in which an aircraft flies repeated parabolic trajectories that provide
short-duration periods of free fall (0 g) alternating with high-g pullout or recovery
phases. Parabolic flight is unique in being able to provide true 0 g in a ground-based
facility. Accordingly, it lends itself well to the investigation of specific areas of
human spaceflight that can benefit from this capability, which predominantly
includes neurovestibular effects, but also others such as human factors, locomotion,
and medical procedures. Applications to research in artificial gravity and to effects
likely to occur in upcoming commercial suborbital flights are also possible.
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NEUROVESTIBULAR AND SENSORIMOTOR FUNCTION

It is likely that the largest number of parabolic-flight investigations have been in the area of neurovestibular function.
This is partly because of experience in the Apollo program of
incidences of motion sickness in space (38) and the recognition
that this could pose an operational problem during flights of the
US space shuttle starting in the 1980s (22). This led to a
substantial interest in, and body of work related to, space
motion sickness (SMS), more broadly known as space adaptation syndrome (SAS). The majority of studies in this area fall
into the overlapping categories of spatial orientation and motion sickness, with several others addressing related issues of
sensorimotor adaptation more generally.
Use of parabolic flight to mimic neurovestibular aspects of
spaceflight can also be attributed to a simple observation: in
both cases the subject is in a state of free fall and in neither case
is this perceived, showing the importance of cues other than
simply the vestibular otolith organs in generating perceptions
of body orientation and motion in an altered-g environment
(49). Subjects experiencing their first 0 g parabola also sometimes report a sensation of forward tumbling or pitching, as do
some astronauts on first entering orbit, again demonstrating
that at least some neurovestibular aspects of spaceflight can be
reproduced in parabolic flight.
Space motion sickness— characteristics. In the area of space
motion sickness, initial studies reproduced motion sickness in
parabolic flight and determined some of its basic characteristics. This included finding that subjects lacking a functioning
vestibular system would not develop motion sickness in parabolic flight (56), which confirmed the vestibular origin and
connected SMS to terrestrial forms of motion sickness. This
was followed by studies that extended this finding, showing
that head movements in 0 g are provocative for motion sickness (46), whereas more recent studies have shown that fundamental properties of neurovestibular function such as velocity storage (perseveration of vestibularly driven eye movements after cessation of motion) can be related to susceptibility
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(30). This is an example where the parabolic-flight model,
developed for investigating spaceflight phenomena, can be of
more general use in understanding the underlying physiology.
Space motion sickness—predicting susceptibility. Naturally
there has been great interest in using parabolic flight to
predict individual susceptibility to space motion sickness,
as a tool for astronaut screening or assignment of mission
roles (37).
There is little or no correlation between susceptibility to
motion sickness in parabolic flight and in orbital flight (58).
This is a major problem and calls into question the relevance
of parabolic flight as an analog for this aspect of neurovestibular function. There is, however, one aspect of spaceflight
that is apparently expressed in the short durations of the 0 g
phases of parabolic flight and which might enable prediction
of space-based motion sickness. This is the phenomenon of
otolith asymmetry, related to tilt-translation interpretation.
During the g-level changes of parabolic flight there are
changes in torsional eye position (17). These changes can be
markedly asymmetric (53, 54) and are on the order of 1
degree. This change in torsional alignment may be due to
loss of compensation for otolith asymmetry in unusual g
environments; on earth, the nervous system presumably
compensates for natural asymmetries (e.g., unequal otoconial mass) in otolith properties (79), but in other than 1 g
this compensation is inappropriate and produces torsional
misalignment. A similar disconjugate change has been
found during spaceflight (28), persisting throughout flights
up to 180 days and for many days after flight. Torsional
offsets seen in parabolic flight have been proposed as a
predictive test for space motion sickness (26, 53). Motion
sickness in parabolic flight has likewise been correlated with
differences in ocular counterrolling with tilts to the right and
left (27, 48); this is intriguing because it implies a link
between motion sickness susceptibility in parabolic flight
and in spaceflight, whereas other studies have not been able
to establish this connection. This line of investigation shows
some promise and deserves to be pursued, although as noted
it is troubling that there is no correlation of sickness in
parabolic flight to actual space sickness, which calls into
question its validity as an analog for this use.
Spatial orientation. Closely related to the problem of motion
sickness in spaceflight is that of spatial disorientation due to
confusing vestibular signals as a result of altered g level. There
are clear operational concerns that might arise as a consequence, especially during periods when the g level is changing,
which will also be the times when peak human performance
would typically be necessary (e.g., piloted planetary landing
after a long period of 0 g). This is also an area in which
research results can provide information on fundamental mechanisms of sensory signal processing [e.g., the role of the
various otolith organs (23)] relevant also to terrestrial physiology and medicine.
Following early studies on motion sickness and orientation
were those that investigated the role of tactile and proprioceptive cues in spatial orientation and perception of body position
in 0 g. Theoretical considerations would suggest that, when
static vestibular signals are difficult to interpret because of lack
of a constant g vector, other sensory information would take on
a more prominent role in providing orientation information.
Subsequent studies verified this for somatosensory cues (44,

J Appl Physiol • doi:10.1152/japplphysiol.01046.2015 • www.jappl.org

Downloaded from http://jap.physiology.org/ by 10.220.33.2 on August 27, 2017

• When investigators must fly along with the experiment to
operate the experimental apparatus, monitor the results, or
oversee the safety and comfort of the human subject. This
also enables the ability to, when necessary, make immediate changes to experiment procedures based on results
as they are obtained;
• Investigation of phenomena with short time constants or
where the effect under study can be built up over multiple
repeated 0 g exposures.
Why a parabola? Consider an object in motion under the
influence of a uniform gravity field and no other external forces
(neglecting air resistance). An example is a ball tossed into the
air. From the time the ball leaves the hand until it lands, its
trajectory is a parabola. Why is this the case? The simplest
answer is that a parabola is the second integral of a mathematical constant. If one desires a constant g level (constant acceleration along the vertical direction), then the second integral of
that constant describes the motion of the object along the
vertical direction. This second integral is a parabola. There are
nuances to this description because of the aerodynamic maneuvers necessary to maintain the flight profile and keep the
aircraft in the proper flight regimen (40).
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for a visual reorientation illusion in 0 g. It is also a good
example of a translational study using an animal model in
parabolic flight to provide insight into known phenomena
experienced by humans in spaceflight.
SENSORIMOTOR ADAPTATION

Context-specific adaptation. One area of work that explicitly
makes use of the alternating g levels of parabolic flight is that of
contextual adaptation. By this is meant the ability to attain and
store two different adapted states, each associated with a context
cue, such that the context cue brings into play the associated
adapted state. As an example, it has been shown that saccadic eye
movements can have two different gains (amplitude of primary
saccade in response to a target displacement of a given size), each
gain associated with a different g level in parabolic flight. This is
true contextual adaptation, because, normally, g level should have
no effect on saccade gain (71, 72). This raises the possibility that
contextual adaptation might be used to advantage in training
procedures or in adapting sensorimotor behaviors that are relevant
to spaceflight, where the training or adaptation can take place in a
short-duration flight in 0 g and be recalled later on a long-duration
flight as needed. An intriguing result in this regard is that one
subject in the studies above showed contextual saccade adaptation
after a set of parabolic flights, which was retained over an
intervening period of 8 mo before a second set of flights was
undertaken. Eight months is the approximate time for a journey to
the vicinity of Mars under the most likely scenarios, and so this
result holds promise for contextual adaptive retention for these
missions.
LOCOMOTION IN NONTERRESTRIAL G LEVELS

Locomotion on nonterrestrial surfaces (moon, Mars, etc.) is
different from that on Earth. This results from differences in g
loading, suit mobility, energy conservation, and surface composition and friction. The effects can be seen in video footage from
the Apollo missions, where astronauts adopt a loping “gallop”
type of gait. Investigations of the most efficient gait, energy
consumption, and suit designs can be fruitfully performed in the
different g levels that are available in parabolic flight, using it as
a planetary rather than a 0 g analog, and this is another unique
benefit of parabolic flight. The biomechanics of exercise countermeasures, both treadmill running and resistive exercise, are also
well suited for evaluation during parabolic flight. This work has a
long history going back to the Apollo program (52, 69) and
continues to the present day (25) and now includes simulations of
destinations other than the moon, such as Mars (16). Notably,
there are considerable differences between locomotion in parabolic flight and in a horizontal-suspension system used to simulate
reduced gravity (24), which speaks to the higher fidelity of
parabolic flight for this type of work.
CARDIOVASCULAR FUNCTION AND FLUID SHIFTS

A great many studies on cardiovascular function have been
carried out in parabolic flight. Not all of them relate to effects
seen in actual spaceflight (1, 2), because some effects have
time courses longer than the 0 g phase of parabolic flight, such
as a decrease in blood and interstitial fluid volumes. However,
a surprising number of phenomena happen rapidly enough to
be investigated in parabolic flight (3): vagal predominance and
slowing of heart rate, baroreflex alterations (10, 66), and
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45) as well as visual cues (see below). There is, for example,
a loss of awareness of body orientation in 0 g but recovery of
the sense of “down” when touch and pressure cues are applied
(49). These cues also influence perceived motion during recumbent rotation in 0 g in parabolic flight (50), showing that
they take on increased importance when static vestibular cues
are unreliable. Deep knee bends in hyper-g (1.8 g) in parabolic
flight, in those adapted to 1 g, provoke a similar percept of the
floor moving up to meet them, as do astronauts when doing the
same after orbital flight (47).
These and similar results are nicely summarized: “Human
spatial orientation and oculomotor control are under multimodal influence. It is not possible in the normal animal to
stimulate differentially the vestibular receptors without activating other receptor systems whose activity may have a profound
influence on postural control and experienced orientation.
Many patterns of behavior and response that have been attributed solely to vestibular function are actually dependent wholly
or in part on touch, kinesthetic, and proprioceptive stimulation”
(44). Systematic manipulation of g level, as in parabolic flight,
provides an excellent tool with which to explore these multimodal influences.
Visual orientation cues. Another aspect of multisensory
reorganization that occurs in spaceflight is the dominance of
more reliable visual cues for orientation, relative to lessreliable static otolith cues. This was found in orbital flights
of the ESA Spacelab module in the US Space Shuttle: the
visually induced sense of self motion induced by a moving
field in the periphery (“vection”) is stronger in 0 g than on
the ground where the gravity vector provides a conflict to
the perception of head-over-heels rotation (83). This perception is reduced by static tactile cues, both in orbital and
parabolic flights. The findings have been further confirmed
by showing a rapid enhancement of visual cues for orientation in 0 g parabolic flight (18). This is another example
where the 0 g phase of parabolic flight can reproduce an
effect seen in orbital flight; findings such as this help to
define the envelope in which parabolic flight can serve as a
spaceflight analog.
Visual orientation illusions. A visual reorientation illusion
(VRI) is defined as the phenomenon of a person in an altered
g level who feels right side up but has a perception that the
surroundings have suddenly changed orientation, so that for
example if the feet are toward the ceiling the ceiling is
suddenly perceived to be the floor. Astronauts in flight and
participants in parabolic flight who experience this phenomenon report that it is “far more compelling than when simply
viewing a photograph” that mimics the reorientation (59).
Again, a similarity of effect between parabolic and spaceflight
establishes the legitimacy of this setting as an analog for
vestibular effects.
Neural substrate. The neural substrate for some of the
illusions of spatial orientation reported by astronauts in orbital
flight (59) has been explored with recordings of rat headdirection cells in parabolic flight (74). In this case, directionspecificity of the cells was absent with the animal on a ceiling
or vertical wall in 0 g. There was an occasional firing burst
when the rat was on the ceiling, with the head oriented “in
directions that were flipped relative to the long axis of symmetry of the chamber compared with the cell’s preferred firing
direction on the floor.” This might provide the neural substrate
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OTHER HUMAN PHYSIOLOGY RESULTS RELEVANT TO
SPACEFLIGHT

A great many studies have been performed in parabolic
flight to investigate other physiological functions in humans,
some of which are relevant to spaceflight. These are not
included in this review if they do not reach a critical mass of
studies that could be considered as having made use of parabolic flight as a spaceflight analog as opposed to using it simply
to alter g level for basic investigations or to follow up on a
specific spaceflight finding with a specific and limited parabolic-flight study. This is a subjective judgment as to whether any
given body of work is extensive enough that there is an
investigator community and set of established findings that
relate parabolic flight and spaceflight findings in the associated
field of study.
Pulmonary function. One area that does merit inclusion is
that of pulmonary function. Although several studies have been
performed in spaceflight using g level to understand basic
mechanisms, the use of parabolic flight to understand better the
clearance of particulate matter from the lungs is an application
that merits special attention. Here, parabolic flight fills a
special niche in providing a 0 g or hypo-g environment that can
mimic spaceflight or time on a planetary surface while allowing for inhalation of particles that can be tracked to determine
clearance rates in a safer and more controlled setting than
orbital flight. Thus the ability to provide intermediate g levels
and safety monitoring uniquely qualify parabolic flight for this
application, which is a spaceflight analog because clearance of
particulates may be an issue during planetary exploration,
depending on surface composition (21).
Gene expression. Intriguing results have been found for
rapid changes in gene expression in a variety of organisms
from plants (60) to humans (33). These findings are intriguing,
and their implications are not fully understood. In particular,
relevance to long-duration flights, where there is time for
compensatory mechanisms, might be limited. The interspersed
periods of hyper-g also lead to problems in interpretation.
Nevertheless, findings of g-related changes in gene expression
might help in understanding longer-term changes in immune
function (20) and pathogen virulence (82) that have been found
in long missions. The more immediate relevance, however,
might be to understanding the effects of acute 0 g in suborbital
flights and in the investigation of intermediate g levels for work
on artificial gravity (both of which are discussed subsequently).
HUMAN FACTORS

The use by astronauts of three-dimensional spacecraft volume, body restraints to perform tasks (29, 78), and changes in
movement strategies as a result of the lack of gravity can be
studied only with high fidelity in a true 0 g setting such as
parabolic flight. Nevertheless, many of the anthropometric
effects of 0 g on the body are time dependent and express
themselves fully only after extended time in space. Thus the
use of parabolic flight as an analog for issues such as habitability, suit design, and vehicle configuration is limited.
As one example, in space the body takes on a neutral posture
due to the natural muscle positions and lack of the need to fight
gravity. This position resembles a partial crouch and is naturally assumed when working at most tasks that do not require
a more specific posture to correspond to the work space.
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pressure changes. Fluid shift toward the head and upper body,
another well-known consequence of spaceflight, is also seen to
some degree during parabolic flight (4, 57). On the other hand,
heart volume initially increases in spaceflight [as also seen in
parabolic flight (77)] but then decreases, and it is important to
recognize this and other limitations of parabolic flight in terms
of the different time courses of effects. It is difficult to draw
clear conclusions for some of these phenomena, because there
may be changes even over the course of the 20-30 s of a single
0 g phase [for example in motor sympathetic nerve activity
(39)] related to the dynamics of fluid shifts and likely exacerbated by vestibular contributions.
Parabolic flight has also been useful in interpreting an
unexpected finding in orbital spaceflight of an initial rapid drop
in central venous pressure (CVP) on entering orbit (10). This
was surprising because there is a decrease in CVP and increased heart chamber volumes, whereas cardiac filling and
stroke volume remained high. Parabolic flight experiments
helped to understand this when it was found (77) in the 0 g
phases that CVP decreased and there was a concomitant but
larger decrease in intrathoracic pressure so that the pressure
across the cardiac wall (transmural pressure) actually increased. Pressure inside the heart increased more than that in
the surrounding body space, associated with an increase in
atrial diameter, and these mechanical effects are rapid.
An issue of great interest is the change in visual acuity seen
in some astronauts after extended stays in space. This is
hypothesized to be at least in part a consequence of headward
fluid shift. Because it was not apparent until flights of extended
duration (months), one might wonder if the short duration of 0
g in parabolic flight would be of any value in understanding its
etiology. In parabolic flight, intracranial pressure (ICP) was
measured directly in patients with catheters implanted for other
diagnostic reasons. In 0 g, ICP is slightly less than when supine
in 1 g (51). Because these vision changes are not seen in
normal terrestrial life despite being supine for approximately
one-third of the time, an elevated ICP per se might not be a
precipitating cause of the visual impairments, but rather the
prevailing value over time might be the key parameter. This
again demonstrates a significant benefit of parabolic flight: the
ability to perform research with subjects and procedures (implanted devices) that might pose an unacceptable risk in actual
spaceflight.
Orthostatic intolerance is currently well controlled with
countermeasures and external assistance upon return to Earth
from long-durations missions to ISS. It is, however, a concern
for conditions of unassisted egress. There is an increase in
orthostatic intolerance after parabolic flight, which is associated with a decrease in total peripheral resistance (67). Orthostatic intolerance could again be an operational issue for
commercial suborbital flights, and parabolic flight as an analog
of these shorter flights with lesser-trained participants would be
helpful in addressing this issue.
These studies demonstrate that, within limits, parabolic
flight can be useful to explore findings seen in long spaceflights. This may be surprising, because some overt effects are
not apparent until spaceflights of several weeks or months.
This of course does not mean that underlying mechanisms
cannot be profitably investigated in parabolic flight.
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DEVELOPMENT AND TESTING OF SPACEFLIGHT MEDICAL
PROCEDURES

Astronaut crews on future long-distance, long-duration
flights may be called upon to perform medical procedures of
various kinds. A great many studies on medical procedures and
surgery have been performed in parabolic flight (14). Some
aspects examined include CPR (5, 63, 64), imaging (predominantly ultrasound) (55, 65), surgery (61), airway management
and tracheal intubation (32, 42), endoscopic procedures (12),
in-flight apparatus (36), advanced capabilities such as robotically aided procedures (35), and others (65, 73). Animal
surgery has also been performed for research investigations
with success (13). Although parabolic flight might provide 0 g
phases that are too brief to practice or develop the corresponding procedures in full, there are some component tasks and
skills that might benefit from such training. A few problems
specific to medical and surgical procedures in a weightless
environment that have been studied in parabolic flight are
worth noting: control of fluids (15), changes in fine motor
control (62), and restraint of instruments, patient, and physician (11).
It is conceivable that suborbital spaceflights would be more
suitable for this application (see below) given the longer period
of near-constant 0 g. The repetitions of 0 g available in
parabolic flight, however, allow for repetition and refinement
of approaches. A combined effort, with initial work in parabolic flight and later verification in suborbital flight, might be
the best available strategy.
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same (nongovernment) participants. In each of these cases,
parabolic flights have a role to play as an analog.
Artificial gravity. In the case of extended flights to far-off
destinations, artificial gravity might be implemented as a countermeasure to an array of physiological deficits that arise
during long stays in a 0 g environment. Here, parabolic flight
is uniquely suited in that it can readily provide a variety of g
levels intermediate between 0 and 1 g. This will be critical in
helping to determine the necessary g levels to be implemented
in an eventual artificial gravity spacecraft. A range of experimental models will be useful here; in particular it should be
noted that plants have demonstrated very rapid changes in gene
expression during the short periods of 0 g in parabolic flight
(see above).
Suborbital spaceflights. Suborbital flights will soon be available to a very broad range of individuals (70, 76). Given the
cost of these flights to the individual and the limited time in
which to perform research during the free-fall phase, it would
be most unfortunate if participants’ first exposure to 0 g and g
transitions was during the suborbital flight itself. Hence, if
nothing else, parabolic flight can provide a training ground and
stepping stone for those intending to participate in suborbital
flights, especially for dealing with g transitions. As an example, there is an increased release of stress hormones in parabolic flight, likely due to a confluence of factors, that might be
relevant to suborbital flights (68). Extensive studies with centrifugation have been used to help prepare and screen participants for these flights in terms of tolerance to the hyper-g
phases (7, 8), whereas the 0 g phase has received relatively less
attention. An intriguing possibility is to use parabolic flight to
predict who might have neurovestibular problems (motion
sickness and disorientation) in suborbital flight. This would
revisit the earlier NASA use of parabolic flights in an attempt
to predict susceptibility in orbital flight, as noted previously.
However, parabolic flight and suborbital flight have more in
common (predominance of g transitions) than do parabolic
flight and orbital flight, and this endeavor might be more
successful now than previously (41). This would make use of
parabolic flight as an analog of suborbital flight.
Summary. In all cases mentioned, it is the author’s opinion
that the potential of parabolic flight for the development and
testing of countermeasures to the debilitating effects of spaceflight is significantly underutilized. The possibilities are especially promising for commercial suborbital flight but also for
emulation of aspects relevant to long-duration exploration
flights in the areas of artificial gravity and procedures training.
Because of the short duration of 0 g exposure and the intervening hyper-g phases, a challenge remains in identifying more
areas of connection between parabolic flight and spaceflight,
where the unique qualities of the former can be used to good
advantage to assist the latter.

FUTURE PROSPECTS

Human spaceflight continues to expand. NASA and other
government space programs are developing ambitious plans for
future expeditions to the vicinity of Mars, to return to the
moon, and to establish a permanent presence in low Earth orbit
(LEO). Commercial spaceflights will also come into play soon,
with flight to ISS to support its mission, suborbital spaceflights
for recreation and research, and eventual orbital flights for the
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Investigation of effects related to neutral body posture is
promising in parabolic flight, because this posture can be seen
in that setting. These studies are, however, limited because the
posture is more erect in parabolic flight than in space, possibly
because of imperfect 0 g and anticipation of the hyper-g phase
in parabolic flight (29, 75).
The use of spacecraft volume in three dimensions would
seem to be an area for exploration in parabolic flight. At the
least, vehicle and habitat designers might find it instructive to
experience 0 g in parabolic flight to free their thinking from the
constraints of two dimensions (31) and to understand changes
in movement kinematics and strategies (19, 75). One study of
limb movements suggested that movement variability might be
due to difference in cognitive demand in flight and resulting
variations in processing capacity available for adaptation. In
this case, parabolic flight might provide a better means of
controlling this variable (9). Studies of how reaching, for
example, might be altered in different g levels (80) and the
issue of ergonomics more generally in the design of workstations (81) are also valuable avenues of work that benefit from
true 0 g.
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