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Research Campaign: Understanding the Role of the Human Evolutionary Environment in
Psychological and Performance Risks of Human Spaceflight

Background
Evolutionary biology is the study of the adaptation of life from its progenitor line and all

descendent branches. Evolutionary psychology examines how the evolution of the human species
results in modern day psychological and behavioral phenotypes. All known life in the universe
has evolved under the conditions of Earth. Never before has a species left the evolutionary
pressures of Earth in any significant way until the modern era, under humanity’s efforts in
developing space technology. As NASA leads a new generation to the moon, the ultimate aim is
to sustain long-term human habitation. The likelihood of adverse psychological and behavioral
outcomes is expected to increase with length of mission and outcomes may present and progress
more rapidly given the increasingly intensive conditions of long-duration spaceflight (LDS) (Ball
& Evans, 2001; Basner et al., 2014; Slack, 2016; Stuster, 2008). Progression of adverse
psychological effects could lead to alterations in cognitive functioning, attention depletion,
stress, and changes in sensory perception (Table 1) (Integrated Research Plan, 2019; Slack et al.,
2016). More severe possible outcomes include psychiatric diseases such as mood and adjustment
disorders. Left inadequately addressed, mission success and astronaut safety may be jeopardized
(Palinkas et al., 2004; Palinkas & Houseal, 2000; Palinkas & Suedfeld, 2008). Over the coming
decade, addressing the adverse psychological effects experienced in isolated, confined, and
extreme (ICE) environments will therefore be of increasing importance.

Table 1. Some of the known hazards of extended LEO and LDS missions. The psychological and behavioral risks
below may result from one or more of these hazards. (Slack et al., 2016)

Hazards Psychological and Behavioral Risks

Isolation
Confinement

Interpersonal conflict
Loneliness

Family/friend issues and separation
Homesickness
Cognitive load

Sleep disturbances
Monotony

Sensory deprivation
Radiation

Microgravity

Anxiety
Depression

Psychosomatic symptoms
Alterations to cognitive functioning

Changes to sensory perception
Directed attention fatigue

Behavioral changes
Adjustment disorders

Deviant behavior
Social withdrawal

The Environment of Evolutionary Adaptedness
The construct of Environment of Evolutionary Adaptedness (EEA) examines the

significance of the selective pressures that have shaped a species. If an animal is removed from
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the environment where it was well-adapted- its EEA- the animal can exhibit psychological and
behavioral dysfunction (Bradshaw, 2013; Jamieson, 2012). Researchers of captive animal
behavior (e.g., in zoos and aquaria) seek to offset these effects by providing appropriate
environmental enrichments, which represent selective pressures that drive the animal’s
morphological and behavioral evolution. Elements of an animal’s “optimal EEA” can therefore
be integrated into their artificial habitats to promote their psychological and behavioral health.

Humans correspondingly display patterns of adverse behavior when deprived of
environmental elements that characterized our species’ hypothesized optimal EEA. Prison
inmates, for example, experience negative psychological outcomes including high levels of
stress, mood and adjustment disorders, and personality changes (Grounds, 2004; Jordan, 2011).
Adding elements of the optimal human EEA, such as nature, has been found to decrease some of
these negative outcomes (Moran, 2019; Moran & Turner, 2019).

While experience and developmental considerations certainly play a role in
environmental preferences, there is strong evidence for a universal, innate connection to the
natural environment as a result of our evolutionary past spent largely as hunter-gatherers
(Wilson, 1984). Balling and Falk (1982) show that children under 12 have a preference for
savannah-like environments- the biome in which modern humans evolved and remained for most
of our evolutionary history (Cerling et al., 2011) - even over the environment with which the
participants were more familiar.

Figure 1. The integrated EEA is represented here by a savannah landscape, which may be one environment for
which humans are optimally adapted (Balling & Falk, 1982). Mumbai, India, is nominally placed more toward
“Significant Disintegration”. Several ICE environments (McMurdo Station, Antarctica, the ISS, and Lunar
Gateway) are also nominally placed along the continuum.

EEA Disintegration
Humans have overcome ICE environments across the EEA continuum (see figure 1),

however psychological and behavioral risks still manifest as a result of EEA disintegration. EEA
disintegration occurs when one’s environment significantly strays from the environment in which
a species is optimally adapted. In space habitats, the disintegrated EEA may in fact be a primary
driver of psychological and behavioral outcomes. We find evidence for this relationship when
considering the overlap of negative outcomes observed in those living in dense urban
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environments, and those subjected to extended time in space environments. Urban environments
present a continuous set of hazards- including monotony, sensory deprivation, and increased
cognitive load- and may be classified in their own way as isolated and confined environments
(Bachman et al., 2012; Kellert & Wilson, 1993; Lederbogen et al., 2011; Ulrich et al., 1991). The
daily surroundings of those living in densely populated cities are becoming drastically unlike our
EEA. We observe increased rates of depression, anxiety, stress, and other mood disorders as a
result of the urban environment (Bachman et al., 2012; Frumkin et al., 2017; Lederbogen et al.,
2011). Those without frequent nature interaction have a lower capacity for sustained directed
attention and exhibit decreased cognitive performance (Li & Sullivan, 2016; Matsuoka, 2010,
Ulrich et al., 1991; Wu et al., 2014). These same hazards and outcomes, and several others, are
also associated with space environments (Integrated Research Plan, 2019; Palinkas et al., 2004;
Palinkas & Houseal, 2000; Palinkas & Suedfeld, 2008).

There are an indefinite number of components that comprise the optimal human EEA.
Such elements include diurnal cycles, sense of time and chronology, gravity, periodicity,
horizons, sunlight, sense of cardinal direction, and sensory stimulation. As it pertains to human
spaceflight or humans in ICE environments, no research has been conducted which examines the
absence of the integrated EEA as a whole nor its effects. However, the role of perhaps the most
canonical element of our EEA, nature, has been studied extensively in everyday life, in ICE
environments, and in space.

Our technological evolution has far outpaced our biological evolution, meaning the
modern human mind is still primed for some definitive qualities of landscape in our ancestral
past. According to Attention Restoration Theory (ART), the built environment demands
sustained directed attention, whereas nature elicits “soft fascination” and allows our cognitive
resources to be replenished (Kaplan, 1995; Kaplan & Kaplan, 1989). ART works in tandem with
Stress Reduction Theory (SRT), which states that natural environments reduce stress by
increasing positive affect and restraining negative thoughts, while also moderating physiological
arousal by enhancing parasympathetic nervous system activity (Ulrich, 1979). It comes as no
surprise that nature as a countermeasure in space has been discussed and implemented via both
real and technologically mediated nature (Bachman et al., 2012; Bates & Marquit, 2017; Odeh &
Guy, 2017; Salamon et al., 2018; Stepanova et al., 2019)

The integrated EEA approach supports and supplements the integrated Central Nervous
System, Behavioral Medicine, and Sensorimotor (CBS) approach described in the NASA HRP
CBS Integrated Research Plan (Integrated Research Plan, 2019), which seeks to address the
synergistic effects of space hazards. An integrated EEA approach may be optimally efficacious
in investigating and providing countermeasures for synergistic effects as it considers the
spaceflight environment holistically.

Understanding the EEA disintegration of space environments will allow for the support
of human “behavioral plasticity” in ICE environments. When suddenly removed from the
optimal EEA and placed in a foreign environment, behavioral plasticity of the brain allows for an
organism to survive successfully enough to reproduce and allows time for the genetic evolution
to adapt to the new environment (Snell-Rood, 2013). By lessening the extent of which a space
environment differs from our optimal EEA, EEA integration technologies may stretch the

https://www-sciencedirect-com.offcampus.lib.washington.edu/science/article/pii/S0169204615002571?casa_token=Md0lAqlk14EAAAAA:aZMUqIYHQvSK1Z6s8EHsWRoc8cU1HHh6c2yP-41KLV91jVfuK1dXnkeUkWBwTy_qigoIQSSWSA#bib0240
https://www-sciencedirect-com.offcampus.lib.washington.edu/science/article/pii/S0169204615002571?casa_token=Md0lAqlk14EAAAAA:aZMUqIYHQvSK1Z6s8EHsWRoc8cU1HHh6c2yP-41KLV91jVfuK1dXnkeUkWBwTy_qigoIQSSWSA#bib0365
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behavioral plasticity of human capacity for survival to allow further advancement in space
exploration. Such technologies may even provide a way for humanity to transcend our behavioral
plasticity to not only survive, but thrive in off-planet environments. It is imperative to invest in
EEA integration research and technologies over the coming decade if we aim to support
long-term, sustainable human health in space.

EEA Research Objectives
Characterize and quantify the EEA disintegration in space environments: If a discrete

measurement of EEA integration is created and validated, it can be used to to predict
psychological and behavioral risks of space environments, establish a risk threshold, and
implement appropriate EEA integration countermeasures. Just as animal behavior is used to
evaluate habitat appropriateness, the psychological and behavioral output of humans in ICE
environments may be used to quantify how well their habitat matches optimal human EEA.
Concurrently, the characteristics of the integrated or disintegrated environment may be quantified
to create a predictive scale of EEA integration.

Understand known hazards as elements of a disintegrated EEA: Known hazards of
spaceflight- such as confinement, monotony, and sensory deprivation- are currently addressed
independently, but may indeed be proxies of a disintegrated EEA. If known psychological and
behavioral hazards of spaceflight are better treated or prevented with holistic EEA integration
countermeasures, we may be better equipped to buffer against unpredictable hazards of LDS.

Measure the EEA disintegration of extraterrestrial landscapes: We currently do not
know if and to what extent our mind will map the Lunar and Martian landscapes onto our EEA.
While certain features of the Lunar or Martian surface bear resemblance to some elements of our
optimal EEA- such as open space, gravity, horizons, rocky “nature” features, and diurnal cycles-
the context of these elements is completely outside the paradigm in which our mind evolved.
Quantifying the EEA disintegration of the Moon and Mars surface will allow us to prepare an
adequate range and intensity of EEA countermeasures to minimize adverse outcomes.

Develop EEA disintegration countermeasures: EEA disintegration countermeasures
have the ability to enhance positive outcomes, prevent negative outcomes, and provide treatment
once an adverse psychological outcome or disorder occurs. Research should aim to increase EEA
integration via countermeasures that implement, replicate, or simulate aspects of optimal human
EEA. In order to accomplish this higher order objective, a series of research questions must be
answered.

1) The benefits of interaction with plants in space environments has been identified through
astronaut anecdotes as well as through research methods (Massa et al., 2016; Odeh &
Guy, 2017). Robust “actual” nature will be difficult to implement in extended LEO and
LDS missions. To what extent can the incorporation of actual nature or natural elements
(plants either grown for food, pleasure, or included as aesthetic aspects of a given habitat)
provide well-being benefits? Further empirical investigation into the psychological and
behavioral effects of interaction with plants for present and future LEO, Lunar, and LDS
missions stands parallel to research concerned primarily with nutrition and astronaut crew
self-sustainability.
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2) The use of “technological nature”- nature that is simulated, mediated, or otherwise
augmented through technological means (Kahn, 2011) - as an EEA countermeasure is
intriguing as we are able to implement much more robust and immersive elements of our
optimal EEA into space environments. In recent years, VR nature has been studied both
on Earth and in space due to its great potential to reduce stress, decrease anxiety, and
improve attentional capacities (Anderson et al., 2013; Annerstedt et al., 2013; Bachman
et al., 2012; Bates & Marquit, 2017; Chan et al., 2021; Odeh & Guy, 2017; Salamon et
al., 2018; Schutte & Stilinović, 2017; Stepanova et al., 2019). Beyond VR, other
examples of EEA integration countermeasure technologies include augmented reality
(AR), sensory input technologies (e.g., haptic vests and proprioceptive platforms),
interactive robotic telepresence (e.g., tending to an “actual” garden via a telepresence
robot), and digital “windows” (Bachman et al., 2012; Kahn, 2011). More research is
needed over the coming decade to explore the appropriate uses of both actual and
technological nature to support EEA integration in space environments.

3) For a given EEA disintegration countermeasure, what duration of treatment is necessary
to achieve desired outcomes? On Earth, just 10 minutes of VR nature exposure benefits
those with high stress levels (Valtchanov, 2010). What is the minimum exposure time for
effect of EEA countermeasures in space environments, and how does this vary across
mission duration?

4) Measurements of EEA integration countermeasure effectiveness need to be created,
which may include utilization of the EEA integration scale discussed earlier. In the case
of technological countermeasures, level of immersiveness may be an appropriate measure
to include as well. Research could build on existing VR immersion and presence scales to
create a measurement of “EEA immersion” through human systems integration
technologies (Cummings & Bailenson, 2015; Lessiter et al., 2001; Slater et al., 1994;
Whitmer & Singer, 1998).

Conclusion
As Suedfeld (2018) described, the psychological and behavioral outcomes of Earth ICE

analogs and space environments are not equivalent. By the very nature of our EEA, we cannot
perform the research outlined above on Earth as even in the most intensive ICE Earth analogs,
elements of our optimal EEA will be present. Understanding the EEA disintegration of space
environments will likely take at least a decade to achieve and will require utilization of the ISS,
private orbital stations, Lunar Gateway, and Artemis base camp.

EEA countermeasures developed for spaceflight will undoubtedly help those on Earth as
we continue to lose elements of our optimal EEA, have less access to the natural world, and
experience greater isolation and confinement. Evidence of this was perhaps demonstrated most
strongly during the Covid-19 pandemic (Choukér & Stahn, 2020). Through this integrated EEA
research, we bring with us our evolutionary origins while looking towards the stars.
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