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Abstract

This critical study provides a comprehensive analysis of terrestrial analogue space habitats over the past three 
decades. It examines the diverse range of analogue experiments, identifying common threads of success in their 
design and operation, as well as recurring shortcomings that have limited their effectiveness. The study cate-
gorizes existing analogues, evaluates their contributions to the field, and synthesizes the key lessons learned. 
Based on this analysis, a set of research-based proposals is presented for the development of next-generation 
habitats, advocating for an integrated approach that combines architectural innovation with a deeper under-
standing of human factors and culturally-informed design principles. This paper argues that such a holistic 
paradigm is essential for creating sustainable, human-centric environments for future long-duration missions 
to the Moon, Mars, and beyond.

1. Introduction

The 21st century has witnessed an unprecedented 
convergence of technological capability, economic 
investment, and political will toward establishing a 
permanent human presence beyond Earth. Govern-
ment space agencies, including NASA’s Artemis pro-
gram and ESA’s lunar exploration initiatives, along-
side a growing constellation of private companies 
such as SpaceX, Blue Origin, and others, are actively 
developing comprehensive plans for lunar bases and 
Martian settlements [1, 2]. This renewed focus on 
extraterrestrial habitation represents not merely an 
extension of human exploration, but a fundamental 
shift toward becoming a multi-planetary species—a 
transition that will require revolutionary advances 
in habitat design, life support systems, and human 
factors engineering.

Central to the success of these ambitious undertak-
ings is the development of space habitats that tran-
scend the basic requirements of survival to create 

environments optimized for long-duration human 
thriving [3]. The challenges are multifaceted and 
unprecedented: these habitats must provide not only 
life support and protection from the hostile space 
environment, but also psychological comfort, social 
cohesion, and the infrastructure necessary for pro-
ductive scientific and industrial work. The stakes are 
extraordinarily high—failure in habitat design could 
result not only in mission failure, but in the loss of 
human life in an environment where rescue is impos-
sible and mistakes are often fatal.

For more than thirty years, terrestrial analogue habi-
tats have served as the primary means of testing and 
validating habitat concepts, technologies, and oper-
ational protocols in simulated space environments 
[4]. These analogues, which range from isolated 
chambers in urban research facilities to expansive 
research stations situated in the most extreme en-
vironments on Earth, form a critical bridge between 
theoretical designs conceived in laboratories and the 
practical realities of off-world living. They represent 
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humanity’s most systematic attempt to understand 
the complex interplay between technology, psychol-
ogy, and social dynamics that will determine the 
success or failure of permanent space settlements.

The analogue habitat research program has generated 
an extensive body of empirical data spanning mul-
tiple decades, involving thousands of participants, 
and encompassing a diverse array of experimental 
conditions and objectives. This research has revealed 
both the remarkable adaptability of human beings 
to extreme environments and the subtle but critical 
factors that can determine the difference between 
mission success and catastrophic failure. However, 
despite this wealth of experience, the field has yet to 
converge on a unified understanding of optimal habi-
tat design principles, and many of the same challeng-
es that plagued early analogue missions continue to 
emerge in contemporary experiments.

This paper presents a critical study and analysis of 
the extensive body of research generated by these 
analogue habitat experiments. The objective is to 
synthesize the key lessons from three decades of 
experimentation to inform the design of future hab-
itats. This will be achieved by following a four-part 
structure:

1.	 An explanation and categorization of the different 
types of analogue experiments conducted to date.

2.	 An analysis of the common elements—in terms 
of configuration, layout, and systems—that have 
proven successful across various analogues.

3.	 A critical examination of the various shortcom-
ings and limitations that have been identified in 
these projects.

4.	 A proposal of research-based changes and a new 
design paradigm, informed by the preceding 
analysis, to guide the development of future space 
habitats.

By systematically evaluating the successes and fail-

ures of the past, this study aims to provide a clear, 
evidence-based roadmap for the next generation 
of space habitat design, one that is technologically 
robust, architecturally innovative, and profoundly 
human-centric.

2. A Taxonomy of Terrestrial Analogues: 
Characterizing Three Decades of Experi-
mentation

For over three decades, a diverse array of terrestrial 
analogue habitats has been developed to simulate the 
conditions of space and to investigate the challenges 
of long-duration missions. These analogues can be 
categorized based on their primary research objec-
tives, level of fidelity, and operational environments. 
This section provides a taxonomy of these experi-
ments, grouping them into distinct categories to bet-
ter understand their contributions and limitations.

2.1 High-Fidelity Field Environments

Image: The Mars Desert Research Station in Utah, a high-fidelity analogue for Mars 
exploration.

High-fidelity field environments are analogue habitats 
situated in remote, geographically relevant locations 
that mimic the terrain and environmental conditions 
of the Moon or Mars. These analogues are designed 
to provide a holistic and immersive simulation expe-
rience, focusing on crew operations, extra-vehicular 
activities (EVAs), and the psychological effects of iso-
lation in a challenging, unstructured environment.
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Mars Desert Research Station (MDRS): Located 
in the Utah desert, MDRS represents one of the most 
well-documented and longest-running Mars analogue 
facilities in operation. Operated by the Mars Society 
since 2001, it has hosted over 200 crews comprising 
more than 1,200 individuals from diverse profession-
al backgrounds, generating an unparalleled dataset on 
crew dynamics, EVA protocols, and habitat operations 
[5, 6]. The primary habitat structure is a two-story 
cylindrical module measuring 8 meters in diameter, 
designed to simulate the spatial constraints and op-
erational characteristics of a Mars lander-habitat. The 
facility is complemented by a greenhouse module for 
food production research, an astronomical observato-
ry for scientific activities, and an engineering bay for 
equipment maintenance and repair.

The MDRS operational model emphasizes short-du-
ration missions typically lasting two weeks, allowing 
for rapid iteration and the testing of diverse crew 
compositions and mission profiles. The facility’s lo-
cation in the high desert of Utah provides geological 
and environmental conditions that approximate those 
expected on Mars, including extreme temperature 
variations, low humidity, and a barren landscape that 
necessitates the use of spacesuits for all external activ-
ities. The extensive mission database from MDRS has 
been instrumental in identifying key factors affecting 
crew performance, including the critical importance 
of pre-mission training, the impact of crew size on so-
cial dynamics, and the challenges of maintaining mo-
rale during routine operational phases.

Flashline Mars Arctic Research Station (FMARS): 
Situated on Devon Island in the Canadian High Arctic, 
FMARS offers an even higher fidelity geological ana-
logue to Mars, with a polar desert environment that 
closely resembles the Martian surface [7, 8]. The ex-
treme cold, isolation, and barren landscape provide a 
powerful simulation of a polar Mars mission. Howev-
er, the logistical challenges of operating in such a re-
mote location have limited the number and duration 

of missions.

Image: The HI-SEAS geodesic dome habitat on Mauna Loa, Hawaii.

HI-SEAS (Hawaii Space Exploration analogue and 
Simulation): Located on the slopes of the Mauna Loa 
volcano in Hawaii, HI-SEAS provides a unique envi-
ronment for studying the effects of long-duration iso-
lation and confinement [9]. The habitat, a geodesic 
dome, has hosted multiple long-duration missions, in-
cluding a year-long mission for NASA, providing inval-
uable data on crew cohesion, stress, and performance 
over extended periods.

These high-fidelity field environments are invaluable 
for their immersive quality and their ability to simu-
late the operational challenges of a real mission. How-
ever, they are often limited by the short duration of 
their missions and the fact that their life support sys-
tems are not fully closed-loop.

2.2 Closed-Loop Life Support System Test-
beds
This category of analogues is focused on the develop-
ment and testing of advanced life support systems that 
can recycle air, water, and waste, and produce food in 
a closed environment. These facilities are typically 
laboratory-based and highly controlled, with the pri-
mary objective of validating the long-term reliability 
and efficiency of these critical technologies.
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Image: The Biosphere 2 facility in Arizona, a large-scale closed ecological system 

experiment.

Biosphere 2: The most ambitious and well-known 
closed-loop experiment, Biosphere 2 was a 3.14-acre 
facility in Arizona that attempted to create a self-sus-
taining ecosystem [10, 11]. The two-year mission in 
the early 1990s, with a crew of eight, provided a wealth 
of data on the complexities of closed ecological sys-
tems, highlighting the challenges of maintaining at-
mospheric balance and food production.

NASA’s Controlled Ecological Life Support System 
(CELSS) Program: This long-running NASA program 
has been instrumental in developing and testing vari-
ous technologies for air revitalization, water recycling, 
and food production in a controlled environment [12, 
13]. The research from CELSS has been foundational 
for the life support systems used on the International 
Space Station and for future long-duration missions.

MELiSSA (Micro-Ecological Life Support System 
Alternative): A European Space Agency (ESA) pro-
ject, MELiSSA is a long-term effort to develop a re-
generative life support system based on a closed-loop 
ecosystem of micro-organisms and higher plants [14, 
15]. The project has made significant progress in de-
veloping the various compartments of the system, 
with the ultimate goal of creating a fully self-sufficient 
habitat.

These test-beds are essential for developing the tech-
nologies that will enable long-duration, self-sufficient 

missions. However, they are often divorced from the 
human element, and do not provide data on how these 
systems will perform under the operational and psy-
chological stresses of a real space mission.

2.3 Isolation and Confinement Chambers
This category of analogues is specifically designed to 
study the psychological and physiological effects of 
long-duration isolation and confinement. These fa-
cilities are often located in accessible, controlled en-
vironments, and are designed to replicate the social 
and psychological conditions of a long-duration space 
mission.

Mars-500: A landmark study conducted by Russia’s 
Institute for Biomedical Problems (IBMP) in collab-
oration with ESA, Mars-500 involved a six-person in-
ternational crew being isolated in a mock spacecraft 
for 520 days, the duration of a round-trip mission to 
Mars [16, 17]. The experiment yielded a vast amount 
of data on the psychological, physiological, and social 
challenges of long-duration space flight.

CHAPEA (Crew Health and Performance Explora-
tion Analogue): A new series of long-duration mis-
sions being conducted by NASA, CHAPEA involves a 
four-person crew living in a 3D-printed habitat at the 
Johnson Space Center for a year [18]. The missions 
are designed to study the effects of long-duration iso-
lation and confinement on crew health and perfor-
mance, with a focus on the challenges of a Mars mis-
sion.

These isolation studies are invaluable for understand-
ing the human element of space exploration. Howev-
er, they are, by design, divorced from the operational 
and environmental challenges of a real mission. The 
crew does not have to contend with system failures, 
environmental hazards, or the demands of conducting 
scientific research in a hostile environment.
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3. Common Threads of Success: An Anal-
ysis of Effective Design Elements in Ana-
logue Habitats

Despite the diversity of analogue habitats, a systemat-
ic review of their operational histories reveals a set of 
common design elements and operational principles 
that consistently contribute to mission success and 
crew well-being. This section analyses these common 
threads of success, drawing on published research and 
mission reports to identify the key factors that should 
be incorporated into the design of future space habi-
tats.

3.1 Human Factors as a Primary Design Driv-
er
The most successful analogue habitats are those that 
prioritize human factors in their design, recognizing 
that the habitat functions not merely as a machine for 
living, but as a complex socio-technical environment 
that must support the full spectrum of human psy-
chological, social, and physiological needs [19, 20]. 
This human-centric approach represents a fundamen-
tal departure from purely engineering-driven design 
methodologies and reflects a growing understanding 
that the success of long-duration space missions de-
pends as much on crew well-being as on technical sys-
tem performance.

The integration of human factors principles into habi-
tat design draws extensively from environmental psy-
chology, architectural psychology, and the emerging 
field of astrosociology—the study of social, cultural, 
and behavioural patterns related to outer space envi-
ronments. Research in these disciplines has demon-
strated that the physical environment exerts profound 
influences on human behaviour, cognitive perfor-
mance, and emotional well-being, effects that become 
magnified in the extreme conditions of space analogue 
environments [21, 22]. This human-centric approach 
manifests in several key design features that have con-

sistently proven critical to mission success:
Private Space: The provision of adequate private 
space for each crew member is consistently cited as a 
critical factor for long-term mission success [21, 22]. 
The ability to retreat to a personal space for rest, re-
flection, and private communication is essential for 
managing stress and maintaining individual morale. 
The most effective designs provide each crew member 
with a private sleeping quarters that can be personal-
ized and controlled by the individual.

Communal Space: Equally important is the design of 
comfortable and inviting communal spaces that en-
courage social interaction and team cohesion [23]. 
These spaces should be large enough to accommodate 
the entire crew and should be designed to support a 
variety of activities, from shared meals to recreation 
and team meetings. The quality of the communal 
space has a direct impact on the social dynamics of the 
crew and their ability to function as a cohesive team.

Windows and Views of Nature: The psychological 
benefits of windows and views of nature are well-doc-
umented in terrestrial environments, and this princi-
ple holds true for analogue habitats [24, 25]. The abil-
ity to see the outside world, even if it is a simulated or 
hostile environment, can help to alleviate the sense of 
confinement and isolation. Furthermore, the presence 
of plants and other natural elements within the habi-
tat has been shown to have a positive impact on crew 
mood and well-being [26].

3.2 Crew Autonomy and Meaningful Work
The level of autonomy granted to the crew and the na-
ture of their work are also critical factors for mission 
success. analogues that provide the crew with a high 
degree of autonomy and meaningful, engaging tasks 
consistently report higher levels of crew morale and 
performance [27, 28].

Task Design: The design of the crew’s tasks is a crit-
ical element of mission design. The tasks should be 
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challenging, engaging, and scientifically valuable, pro-
viding the crew with a sense of purpose and accom-
plishment [29]. A mix of structured and unstructured 
tasks can also be beneficial, allowing for both focused 
work and creative problem-solving.

Crew Autonomy: The ability for the crew to self-or-
ganize, make decisions, and manage their own sched-
ule has been shown to be a significant factor in crew 
satisfaction and performance [30, 31]. While mission 
control will always play a critical role, particularly in 
the early stages of a mission, a gradual increase in 
crew autonomy is essential for long-duration missions 
where communication delays make real-time ground 
control impossible.

3.3 Reconfigurable and Adaptable Interiors
The ability to reconfigure and adapt the interior of the 
habitat over the course of a long-duration mission is 
another key element of successful design. The needs 
of the crew and the mission will evolve over time, and 
the habitat must be able to adapt to these changing 
requirements [32].

Modular and Movable Furnishings: The use of mod-
ular and movable furnishings allows the crew to re-
configure their living and working spaces to suit their 
needs. This can be as simple as rearranging furniture 
to create a more comfortable social space, or as com-
plex as reconfiguring a laboratory to accommodate a 
new experiment.

Flexible Use of Space: The design of the habitat 
should allow for the flexible use of space. For exam-
ple, a common area could be used for dining, recrea-
tion, and team meetings at different times of the day. 
This flexibility is essential for maximizing the use of 
the available volume and for creating a more dynamic 
and engaging environment for the crew.

4. A Critical Analysis of Shortcomings and 
Challenges in Analogue Habitat Research

While analogue habitats have provided invaluable 
data and insights that have fundamentally shaped our 
understanding of human space habitation, a critical 
analysis of their operational histories also reveals a 
constellation of recurring shortcomings and persis-
tent challenges that have limited their effectiveness as 
true predictors of space mission success. These limi-
tations, if not systematically addressed in future habi-
tat designs, risk compromising not only the fidelity of 
terrestrial simulations but also the safety and success 
of actual space missions.

The challenges identified in this analysis fall into sev-
eral interconnected categories: technological limita-
tions that prevent true simulation of space conditions, 
methodological constraints that limit the psychologi-
cal and social fidelity of the experiments, and systemic 
issues related to funding, duration, and institutional 
priorities. Understanding these shortcomings is essen-
tial for developing more effective analogue programs 
and, ultimately, for designing space habitats that can 
support successful long-duration missions. This sec-
tion provides a comprehensive critical examination of 
these shortcomings, drawing on mission reports, aca-
demic critiques, and post-mission analyses to identify 
the key areas where fundamental improvements are 
needed.

4.1 Lack of System Reliability and True Clo-
sure
A major and recurring challenge in analogue habi-
tat research is the difficulty of achieving high levels 
of system reliability and true environmental closure 
[33, 34]. Many analogues, particularly the high-fidel-
ity field environments, have been plagued by failures 
in their life support, power, and communication sys-
tems. These failures not only disrupt the mission and 
compromise the research, but they also create a nega-
tive and unrealistic training environment for the crew.
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Life Support Systems: The development of fully 
closed-loop life support systems remains a major tech-
nological hurdle [35, 36]. Most analogue habitats rely 
on open-loop or partially closed-loop systems, which 
require regular resupply of consumables and removal 
of waste. This is a significant departure from the real-
ity of a long-duration mission on the Moon or Mars, 
where self-sufficiency will be paramount.

Power Systems: The reliance on terrestrial power 
grids or fossil fuel generators in many analogues is an-
other significant limitation. While solar power is often 
used as a primary or secondary power source, the lack 
of true energy autonomy in most analogues fails to 
simulate the critical power constraints of a real space 
mission.

4.2 Inadequate Simulation of Mission Risks 
and Consequences
For safety and ethical reasons, analogue missions are 
unable to fully replicate the risks and consequences of 
a real space mission. This is a fundamental limitation 
of all terrestrial analogues, but it is one that must be 
acknowledged and addressed in the design of future 
simulations.

The Safety Net: The knowledge that they can exit the 
simulation in an emergency can have a significant im-
pact on the psychological state of the crew and the de-
cisions they make [37]. This “safety net” can reduce 
the psychological fidelity of the simulation and may 
not fully prepare crews for the life-or-death decisions 
they may face on a real mission.

Lack of Real Consequences: In most analogues, 
there are no real consequences for failure. A failed ex-
periment or a broken piece of equipment may be frus-
trating, but it does not have the same life-threatening 
implications as it would on Mars. This lack of real con-
sequences can lead to a more relaxed and less vigilant 
attitude among the crew.

4.3 The Psychological Toll of Isolation and 
Confinement
While isolation and confinement chambers are specif-
ically designed to study the psychological effects of 
long-duration missions, all analogue habitats must 
contend with the psychological toll that isolation and 
confinement can take on the crew [38, 39].

The Third-Quarter Phenomenon: A well-docu-
mented phenomenon in long-duration missions is the 
“third-quarter phenomenon,” a period of decreased 
morale and increased tension that often occurs around 
the midpoint of the mission [40]. This phenomenon 
has been observed in a variety of analogue settings and 
is a major challenge for long-duration missions.

Interpersonal Conflict: The close quarters and high-
stress environment of an analogue habitat can exac-
erbate interpersonal conflicts [41]. The ability to 
manage these conflicts and maintain a cohesive and 
effective team is a critical factor for mission success.

4.4 The “Canned” vs. “Camping” Dilemma
Finally, many analogue habitats struggle to find the 
right balance between technological sophistication 
and human agency. They often fall into one of two 
traps: they are either so technologically basic that the 
experience is more akin to “camping” than space trav-
el, or they are so automated and controlled that the 
crew feels like they are in a “can,” with little autonomy 
or meaningful interaction with their environment [4]. 
Finding the right balance between these two extremes 
is a critical design challenge.

5. A New Paradigm for Space Habitat De-
sign: THI’s Research-Based Proposals

The preceding analysis of the successes and short-
comings of three decades of analogue habitat research 
provides a clear mandate for a fundamental paradigm 
shift in space habitat design. The persistent challenges 
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identified across multiple analogue programs—from 
system reliability failures to psychological stress and 
social dysfunction—demonstrate that incremental 
improvements to existing design approaches are insuf-
ficient. What is required is a comprehensive recon-
ceptualization of space habitat design that integrates 
architectural innovation, advanced human factors 
engineering, and culturally-informed organizational 
principles.

The Human Initiative (THI) proposes such a para-
digm, one that synthesizes lessons learned from an-
alogue research with insights from astrosociology, 
environmental psychology, and traditional cultural 
wisdom regarding sustainable community organ-
ization. This approach recognizes that successful 
long-duration space missions require not merely 
technological solutions, but the creation of genuine 
human communities capable of thriving in extreme 
environments. THI’s proposals are grounded in rigor-
ous analysis of analogue habitat data and represent a 
direct, evidence-based response to the challenges that 
have consistently emerged across three decades of ex-
perimentation.

The proposed paradigm encompasses four intercon-
nected elements: the adoption of geodesic dome ar-
chitecture as the foundational structural element, the 
implementation of multi-dome constellation configu-
rations for enhanced redundancy and functional spe-
cialization, the integration of culturally-informed or-
ganizational principles derived from astrosociological 
research, and a renewed emphasis on human-centric 
design that prioritizes crew autonomy and well-being. 
Each of these elements addresses specific shortcom-
ings identified in the analogue research while con-
tributing to a holistic approach to habitat design that 
transcends traditional engineering-focused methodol-
ogies.

5.1 The Geodesic Dome as the Foundational Archi-
tectural Element
THI’s primary architectural proposal centres on the 
adoption of the geodesic dome as the foundational 
structural element for surface habitats on the Moon 
and Mars. This recommendation emerges from a com-
prehensive analysis of structural engineering prin-
ciples, environmental psychology research, and the 
documented shortcomings of conventional cylindrical 
and rectangular habitat modules that have dominated 
space architecture for the past five decades. The ge-
odesic dome, as conceptualized and developed by R. 
Buckminster Fuller [42, 43], offers a unique combi-
nation of structural efficiency, spatial quality, and psy-
chological benefits that directly address many of the 
persistent challenges identified in analogue habitat 
research.

Structural and Engineering Advantages: The geo-
desic dome’s exceptional strength-to-weight ratio rep-
resents a fundamental advantage for extraterrestrial 
construction, where every kilogram of transported 
material carries enormous cost implications [44, 45]. 
The dome’s triangulated structure distributes loads 
evenly across the entire framework, eliminating the 
stress concentrations that plague conventional rec-
tangular structures and providing inherent redundan-
cy that enhances safety margins. Mathematical anal-
ysis demonstrates that geodesic domes can enclose 
maximum volume with minimum surface area, opti-
mizing both material efficiency and internal atmos-
pheric volume—critical factors for pressurized space 
habitats where atmospheric loss represents a constant 
threat [46].

The structural resilience of geodesic domes has been 
demonstrated through decades of terrestrial appli-
cations in extreme environments, from Antarctic re-
search stations to disaster relief shelters. Their ability 
to withstand high winds, seismic activity, and extreme 
temperature variations makes them particularly suit-
able for the challenging environmental conditions of 
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lunar and Martian surfaces, where temperature swings 
can exceed 200°C and seismic activity from meteorite 
impacts poses ongoing risks to structural integrity.

Psychological and Environmental Benefits: Beyond 
their structural advantages, geodesic domes offer sig-
nificant psychological benefits that directly address 
the confinement and claustrophobia issues consist-
ently reported in analogue habitat studies [47]. The 
dome’s spherical geometry creates an inherently open 
and spacious interior environment, free from the op-
pressive low ceilings and narrow corridors that char-
acterize cylindrical habitat modules. Research in envi-
ronmental psychology has demonstrated that ceiling 
height significantly impacts perceived spaciousness 
and psychological well-being, with higher ceilings as-
sociated with enhanced creativity, reduced stress, and 
improved cognitive performance [48].

The absence of interior structural columns in geodesic 
domes allows for completely flexible interior arrange-
ments, enabling crew members to reconfigure their 
living and working spaces according to evolving mis-
sion needs and personal preferences. This adaptabil-
ity directly addresses the need for crew autonomy and 
environmental control identified as critical success 
factors in analogue research. Furthermore, the dome’s 
geometry naturally creates distinct spatial zones that 
can be dedicated to different functions while main-
taining visual and acoustic connectivity throughout 
the habitat—a design feature that supports both pri-
vacy and community interaction.

5.2 The Multi-Dome Constellation Concept
Building on the advantages of the geodesic dome, THI 
proposes a multi-dome “constellation” concept for 
surface habitats. This concept moves away from the 
monolithic, single-structure habitat and instead envi-
sions a network of interconnected domes, each with 
a specialized function. This modular approach offers 
several key advantages:

Enhanced Redundancy and Safety: A multi-dome 
design provides a high degree of redundancy. In the 
event of a catastrophic failure in one dome, the oth-
er domes can be isolated, ensuring the survival of the 
crew and the preservation of critical systems.

Functional Specialization: Each dome can be opti-
mized for a specific function, such as crew quarters, 
laboratories, greenhouses, or social areas. This allows 
for the creation of distinct environments tailored to 
the specific needs of each activity, minimizing inter-
ference and maximizing efficiency.

Scalability and Growth: A multi-dome habitat is 
inherently scalable. New domes can be added to the 
complex as the population grows and mission objec-
tives evolve, allowing the settlement to expand organ-
ically over time.

5.3 A Culturally-Informed Approach to Habi-
tat Organization
Beyond the physical architecture, THI proposes a rev-
olutionary, culturally-informed approach to habitat 
organization that draws extensively from astrosocio-
logical research and the study of successful long-en-
during terrestrial cultures. This approach is founded 
on the recognition that the social and cultural dynam-
ics of space crews are as critical to mission success as 
the technical performance of life support systems—a 
principle that has been consistently validated through 
analogue habitat research but rarely translated into 
systematic design methodologies.

The field of astrosociology, pioneered by researchers 
such as Jim Pass, has demonstrated that successful 
space colonization requires not merely technologi-
cal solutions, but the development of sustainable so-
cial structures capable of maintaining cohesion and 
functionality across multiple generations [49, 50]. 
This research has revealed that many traditional or-
ganizational principles developed by ancient cultures 
contain profound insights applicable to space habitat 



THI-8271THI Journal, Winter 2025

10

design, particularly those cultures that successfully 
maintained complex societies across centuries or mil-
lennia in challenging environments.

THI’s organizational model centres on a four-direc-
tional layout for habitat complexes, a principle de-
rived from extensive analysis of successful indige-
nous organizational systems, particularly those that 
demonstrated remarkable longevity and resilience in 
extreme environments. This quadrant-based organi-
zation, found in various forms across multiple ancient 
cultures from the Americas to Asia, provides a clear 
and intuitive structure that supports both individual 
autonomy and community cohesion [51, 52].

The Central Hub Model: In THI’s proposed config-
uration, the habitat complex is organized around a 
central communal dome that serves as the social, cul-
tural, and administrative heart of the community. This 
central space functions as the primary gathering area 
for shared meals, community meetings, cultural ac-
tivities, and informal social interaction. The design of 
this space draws from research in environmental psy-
chology demonstrating that successful communities 
require a “third place”—a social space distinct from 
both work and private areas that facilitates spontane-
ous interaction and community bonding [53].

Four-Directional Specialization: From this central 
hub, four specialized domes extend in the cardinal 
directions, each dedicated to fundamental aspects of 
human life and work. This arrangement is not merely 
symbolic but reflects practical considerations derived 
from analogue habitat research regarding optimal 
workflow patterns, noise management, and the psy-
chological benefits of functional specialization. The 
four-directional model provides clear spatial organi-
zation that helps crew members navigate their envi-
ronment intuitively while maintaining distinct zones 
for different types of activities.

The astrosociological rationale for this organization-

al approach lies in its ability to create what research-
ers term “structured flexibility”—an organizational 
framework that provides clear guidelines for social 
interaction while allowing for adaptation and evolu-
tion over time [54]. This principle addresses one of 
the most persistent challenges identified in analogue 
research: the tendency for crew social structures to 
either become rigidly hierarchical (leading to conflict 
and reduced performance) or completely informal 
(leading to confusion and inefficiency).

5.4 A Renewed Focus on Human-Centric De-
sign
Finally, THI’s research-based proposals call for a re-
newed and deepened focus on human-centric design. 
This means going beyond the basic requirements of 
life support and safety to create an environment that 
is not just survivable, but truly liveable. This includes:

Prioritizing Crew Comfort: This includes providing 
adequate private space, comfortable furnishings, and 
a high-quality sensory environment (e.g., lighting, 
acoustics, air quality).

Maximizing Crew Autonomy: This involves design-
ing systems and protocols that empower the crew to 
manage their own time, make their own decisions, and 
take ownership of their environment.

Integrating Nature: This includes the use of plants 
and other natural elements within the habitat, as well 
as providing views of the outside world through win-
dows or high-fidelity virtual displays.

By adopting this integrated, human-centric approach 
to habitat design, THI believes that it is possible to 
create a new generation of space habitats that are 
not just technologically advanced, but are also places 
where human beings can live, work, and thrive for ex-
tended periods of time.
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6. Conclusion

This critical study has undertaken a comprehensive 
synthesis of three decades of analogue space habitat 
research, revealing a field characterized by remark-
able innovation and dedication, yet constrained by 
persistent systemic challenges that have limited the 
translation of research insights into practical design 
solutions. The analysis of diverse analogue experi-
ments—from high-fidelity field environments in ex-
treme terrestrial locations to sophisticated isolation 
chambers and closed-loop life support test-beds—has 
illuminated both the extraordinary potential and the 
fundamental limitations of current approaches to 
space habitat design and testing.

The research has identified a constellation of design 
principles that consistently contribute to mission 
success across different analogue environments and 
experimental conditions. These include the critical 
importance of human factors as primary design driv-
ers, the necessity of providing crew autonomy and 
meaningful work, and the value of adaptable and re-
configurable interior environments that can evolve 
with changing mission needs and crew dynamics. 
These findings represent genuine advances in our un-
derstanding of human space habitation and provide a 
solid foundation for future habitat development.

However, this study has also revealed significant and 
persistent shortcomings that have limited the effec-
tiveness of analogue research and, by extension, our 
preparedness for actual long-duration space missions. 
These include fundamental technological limitations 
in achieving system reliability and true environmental 
closure, methodological constraints that prevent ade-
quate simulation of mission risks and consequences, 
and systemic challenges related to the psychological 
toll of isolation and confinement. Perhaps most crit-
ically, the research has revealed a persistent struggle 
to balance technological sophistication with human 
agency—the “canned versus camping” dilemma that 

reflects deeper tensions between engineering-focused 
and human-centred design philosophies.

The Imperative for Paradigm Shift: The central 
conclusion of this paper is that incremental improve-
ments to existing approaches are insufficient to ad-
dress the challenges facing space habitat design. What 
is required is a fundamental paradigm shift that moves 
beyond the piecemeal, technology-focused methodol-
ogies that have dominated the field for three decades. 
This new paradigm must integrate architectural in-
novation, technological robustness, and deep under-
standing of human psychological, social, and cultural 
needs into a coherent and holistic design philosophy.

The Human Initiative’s proposed model, centred on 
geodesic dome architecture and culturally-informed 
multi-dome constellation concepts, represents a con-
crete example of such a paradigm shift. By synthesiz-
ing insights from astrosociology, environmental psy-
chology, and traditional cultural wisdom regarding 
sustainable community organization, this approach 
addresses the full spectrum of challenges identified in 
analogue research while providing a scalable and ad-
aptable framework for future space settlements.

Implications for Future Research and Develop-
ment: The findings of this study have significant impli-
cations for both analogue research programs and actu-
al space habitat development. For analogue research, 
the analysis suggests the need for more sophisticated 
approaches to simulating the psychological and social 
dynamics of long-duration missions, greater emphasis 
on system reliability and true environmental closure, 
and more systematic integration of human factors 
principles into experimental design. For space habitat 
development, the research supports a fundamental 
shift toward geodesic dome architecture, multi-dome 
constellation configurations, and organizational prin-
ciples that prioritize crew autonomy and community 
cohesion.
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The Path Forward: The path to establishing a perma-
nent human presence beyond Earth represents one of 
the most ambitious undertakings in human history, 
requiring unprecedented integration of technologi-
cal capability, human factors engineering, and social 
organization. The next generation of space habitats 
must transcend the limitations of current approaches 
by being designed not merely as survival machines, but 
as genuine human communities capable of thriving 
across multiple generations in extreme environments.

This critical study has demonstrated that the knowl-
edge and experience necessary to achieve this vision 
are within our grasp, accumulated through three 
decades of dedicated research and experimentation. 
However, realizing this potential requires the courage 
to move beyond incremental improvements toward 
fundamental paradigm shifts that embrace the full 
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