


Environment, Archaeology, History and Anthropology
Sophia Centre for the Study of Cosmology in Culture 



AN EXAMINATION OF THE SPACE ETHICS ARISING FROM SPACE EXPLORATION




Karen L Brereton
Student ID 1807878



This dissertation is submitted in partial fulfilment of the requirements of the University of Wales Trinity Saint David for the degree of MA Cultural Astronomy and Astrology


FEBRUARY 2024
[image: TSD_logo2010]
Master’s Degrees by Examination and Dissertation
Declaration Form
1. This work has not previously been accepted in substance for any degree and is not being concurrently submitted in candidature for any degree.
Name.		Karen Brereton
Date 		15th February 2024

2. This dissertation is being submitted in partial fulfilment of the requirements for the degree of MA Cultural Astronomy and Astrology.
Name:		Karen Brereton
Date:   		15th February 2024

3. This dissertation is the result of my own independent work/investigation, except where otherwise stated.
Other sources are acknowledged by footnotes giving explicit references. 
A bibliography is appended.
Name:		Karen Brereton
Date:  		15th February 2024
  
4. I hereby give consent for my dissertation, if accepted, to be available for photocopying, inter- library loan, and for deposit in the University’s digital repository 
Name:		Karen Brereton
Date:		15th February 2024
Supervisor’s Declaration.
I am satisfied that this work is the result of the student’s own efforts.
Signed: 	Dr Nicholas Campion
Date:		15th February 2024
TABLE OF CONTENTS

List of Figures and Tables ………………………………………………………………	iv
Acknowledgements ……………………………………………………………………..	v
Abstract …………………………………………………………………………………..	vi
Glossary ……………………………………………………………………………….…	vii

CHAPTER 1 : INTRODUCTION
	Research Background …………………………………………………………..	1
	Definitions of Key Concepts ……………………………………………………	2
	Research Problem ………………………………………………………………	3
	Value of Research ………………………………………………………………	4
	Research Aims and Objectives ………………………………………………..	4
	Structural Outline ………………………………………………………………..	4

CHAPTER 2 : LITERATURE REVIEW 
	Planetary Exploration …………………………………………………………...	5
	Existential Risks …………………………………………………………………  7
	Suffering Risks …………………………………………………………………..	10
	Space Technology ……………………………………………………………… 	11
	The Overview Effect …………………………………………………………….	14
	
CHAPTER 3 : RESEARCH METHODOLOGY
	Research Methods ………………………………………………………………	17
	Target Groups ……………………………………………………………………	18
	Data Collection Methods and Process ……………………………………….	19
	Data Analysis ……………………………………………………………………	22
	Data Quality and Study Limitations …………………………………………..	24

CHAPTER 4 : RESULTS AND ANALYSIS
	Introduction  ……………………………………………………………………..	24
	Exploration or Exploitation …………………………….……………………….	25
Indigenous Lifeforms …………………………………………………………..	29
Backup Earth ……………………………………………………………………	31
Space Technology ……………………………………………………………..	36	
Overview Effect ………………………………………………………………….	39

CHAPTER 5 : CONCLUSIONS AND RECOMMENDATIONS
	Purpose of the Study ……………………………………………………………	43
	Summary of Findings ……………………………………………………………	43
	Implications of the Study ………………………………………………………..	46
	Recommendations ……………………………………………………………….	47
	Recommendations for Future Research ………………………………………	48
	Summary ………………………………………………………………………….	49

BIBLIOGRAPHY ……………………………………………………………………….	50
 
	  
	















LIST OF FIGURES
	Figure 1 : Risk Assessment Framework ……………………..……………….	8
	Figure 2 : A Futuristic Mars Base Model: The Mars Society 2022 …………	10
	Figure 3 : The Great Filter ………………………………………………………	13
	Figure 4 : Earthrise Photograph ………………………………………………..	14
	Figure 5:  Pale Blue Dot …………………………………………………….….	15
	Figure 6 : O’Neill Colony ………………………………………………………..	17
	Figure 7 : Research Design …………………………………………………….	20
	Figure 8 : Six-Step Thematic Analysis Process …………………………….	23
Figure 9 : Suborbital Flight Deciding Factors ………………………………	25
Figure 10 : High Level Pollution and Space Debris in Space ………………	26
	Figure 11 : Resource Extraction and Mining …………………………………	27
	Figure 12 : Would Terraforming March be Morally Acceptable …………….	30
Figure 13 : Settling on Mars to Preserve Humanity’s Future ………………	32
Figure 14 : Colonizing Mars Timeframe ………………………………………	33
Figure 15 : Volunteering to Build Mars Base for Others …………………….	35
Figure 16 : Justifications for Exploring Space ………………………………..	38
Figure 17 : Fermi Paradox ……………………………………………………..	39
	Figure 18 : Space Exploration and Better Understanding to Cosmos …….	42
	

LIST OF TABLES
	Table 1 : Variables in the Space Settlement Debate ………………………..	9
Table 2 : Civilization Type by Power …………………………………………..	12
Table 3 : Definitions and Questions to Establish Core Constructs of 
Underlying Themes with Members of Space Exploration 
Groups on Facebook …………………………………………….	20
Table 4 : Definitions and Questions to Establish Core Constructs of 
Interviews with Members of the Round Table 
Overview Effect …………………………………………………..	22
Table 5 : Sample Profile of In-depth Semi-Structured Interviews …………	22	

ACKNOWLEDGEMENTS

[bookmark: _Hlk141737575]I would like to thank the following people who have helped me undertake this research.  

My supervisor, Dr Nicholas Campion, for his support, feedback and guidance during this research.  

Besides my supervisor, I would also like to thank the rest of my module tutors along the way for their insightful comments and feedback on my other modules, which ultimately helped prepare me for the dissertation.

Also thanks to the respondents of the surveys who took the time to complete the questionnaires online and without whom I would not have any content for my quantitative data analysis.  

I would also like to thank members of the Overview Round Table, who participated in the interviews, whose insights into the space community were extremely invaluable.  I am very grateful also to Frank White, the facilitator of the Overview Round Table, who permitted my attendance at their weekly meetings and agreed to be interviewed.   The interviewees’ participation enriched the qualitative data.   

I dedicate this dissertation to Indie Summer and Maximilian.

 














ABSTRACT

Space exploration will present humanity with unprecedented ethical dilemmas as well as unprecedented ethical opportunities.  With the influx of interest in outer space within the private sector, there are concerns that anti-colonial practices may become commonplace and that moral considerations will not be prioritized. With the onset of suborbital flights, increasing space debris orbiting the Earth and interstellar colonization, the laws governing space exploration have failed to keep pace.  A mixed methods research was conducted combining elements of quantitative research and qualitative research to answer the research question.   The quantitative research comprised an online survey with 45 responses, followed by four semi-structured interviews with members of the space community.  Themes that emerged from my research included a focus on the gaps in the regulations on how people should behave in outer space.  The Outer Space Treaty written in 1967 is non-binding, outdated and does not address the realities of today’s space industry.    Recent planetary protection policies such as those outlined by COSPAR do not address the ethical rationale for contamination or alteration of extraterrestrial planets.   Space policy as it stands is insufficient and does not have effective enforcement mechanisms in place.   The study found that ethical considerations must be prioritized in the formation of a planetary protection policy.   As choices humans make in the next decade of space exploration will dictate the future of humanity’s presence on other worlds, with the potential to impact the environments, it is critical that ethics and anticolonial practices are a central consideration of planetary protection.    
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CHAPTER 1 – INTRODUCTION 


Space exploration has been termed the ‘new final frontier’.   Arnould commented space ethics was evoked by John F Kennedy during a speech in 1962 when he stated 

we set sail on this new sea because there is new knowledge to be gained, and new rights to be won ………whether it will become a force for good or ill depends on man[footnoteRef:1] [1:  Jacques Arnould, Icarus’ Second Chance, The Basis and Perspectives of Space Ethics, (Germany: Springer-Verlag/Wien, 2011), p. 15.] 


Research background

Historically, the space age started in October 1957, with the launch of Sputnik, the world’s first artificial satellite, by the Soviet Union, followed by the first Moon landing by the American Apollo mission in 1969.  Subsequently, humans have placed communication satellites in orbit, and remotely explored Mars.   Prior to the 16th Century, the sky was regarded as divine and sacred.  Arnould stated that Aristotle’s dualist cosmology had a strong grip on Western thought that it was impossible to imagine a human travelling into space.[footnoteRef:2]  White proclaimed that humankind’s success in breaking the bounds of planet Earth by travelling into outer space is a significant and historical development.[footnoteRef:3]  Today, private space companies are working on developing the space tourism industry and various space programmes.   Conversely, Cohen sees the new space industry as the ‘deflowering of the pristinity of other celestial bodies by space tourism’, as the Moon and the planets had previously been virtually untouched by humans.[footnoteRef:4]  The next phase of human space exploration is said to include the establishment and habitation of a lunar gateway, a permanent base on the Moon’s surface and exploratory crewed missions to Mars.  [2:  Jacques Arnould, ‘An Urgent Need to Explore Space’ in The Ethics of Space Exploration, ed. by James S J Schwartz and Tony Milligan, (USA: Springer, 2016), 153-164, (p. 155).]  [3:  Frank White, The Overview Effect: Space Exploration and Human Evolution, 4th edn, (USA, Multiverse Publishing, 2021), p.xi]  [4:  Erik Cohen, ‘The Paradoxes of Space Tourism’, Tourism Recreation Research, 42.1, (2017), p. 22.] 


   
Definition of key concepts

Space ethics is a discipline of applied ethics that discusses the ethical implications arising from space exploration and spaceflight.  Schwartz and Milligan commented that ‘space ethics’ asks the ethical questions that, sooner or later, will need to be asked.[footnoteRef:5]     A basic definition of ethics is offered by Green as the theory and practice of how to make good decisions, perform good actions and thereby become a good person.[footnoteRef:6]  According to Green, the three main approaches to ethics are of significance for space exploration.[footnoteRef:7]    [5:  James S J Schwartz and Tony Milligan, Space Ethics According to Space Ethicists, (2021)  https://www.thespacereview.com/article/4117/1 [accessed 5.6.23].]  [6:  Brian Patrick Green, Space Ethics, (London: Rowan and Littlefield Publishing Group, 2022), p. 16.]  [7:  Green, Space Ethics, p. 16.] 


· Deontology: Deontology, advocated by Immanuel Kant, emphasizes rules and fulfilling obligations, irrespective of consequences. Green stated that this rule is meant to guide future human exploration and use of space toward both protecting the diversity of life in the universe and expanding life be it Earthly or otherwise.[footnoteRef:8]    [8:  Green, Space Ethics, p. 20.] 

· Consequentialism/utilitarianism: centres on maximising the best consequences and minimizing the worst, regardless of rules or intentions and ultimately seems to increase intrinsic value.  Baum stated that the vast expanses of outer space offer opportunities for achieving vastly more good or bad consequences than can be achieved on Earth.[footnoteRef:9]   [9:  Seth Baum, ‘The Ethics of Outer Space: A Consequentialist Perspective’ in The Ethics of Space Exploration, ed. by James S J Schwartz and Tony Milligan, (USA: Springer, 2016), 125-134, (p. 125).] 

·  Virtue ethics: developed by Aristotle (382-322 BC), centres on agents rather than action and aims to promote good character and virtues.   Green stated that this ‘psycho-socio-cultural engagement’ might be interesting given that space exploration and settlement will involve select individuals who have been carefully chosen for their talents and characters.[footnoteRef:10] [10:  Green, Space Ethics, p. 24.   ] 


These three main approaches will be drawn upon only briefly in this study, as the main subject discipline is space ethics.   Peters commented that space ethics appears today as a new terra incognita, an unknown country, which underlines that as a discipline space ethics is still evolving.[footnoteRef:11]   [11:  Ted Peters, ‘Does Extraterrestrial Life have Intrinsic Value?  An Exploration in Responsibility Ethics’, International Journal of Astrobiology, (2018), 304-310, (p. 309).] 


Research problem
[bookmark: _Hlk155728957][bookmark: _Hlk155705365]
As human activity in space moves from low Earth orbit operations, such as those that take place on the ISS, to deep space exploration, space ethics is of increasing interest.  One of the future challenges for the regulations of liability in space is the inauguration of suborbital flights and the air pollution resulting from the flight activity.  Moreover, Impey draws attention to the space debris orbiting the Earth moving at high speeds, including old satellites and spent rockets, increasing the probability of collisions.[footnoteRef:12]  The plans for establishing a permanent settlement off-Earth to ensure humanity’s survival in the case of an existential catastrophe, have raised many different views.  Legitimate criticisms about ventures off-Earth are that (i) humans should spend their energy taking better care of the terrestrial environment (ii) humans have no right to exploit resources in space and (iii) there are concerns that anti-colonial practices may become commonplace.  Furthermore, the Outer Space Treaty (OST), the basic legal framework on international space law, was written in 1967 and is non-binding and outdated.[footnoteRef:13] Buono argued that the OST is a flawed document since it does not address the real need of space law and environmental protection, as it does not have effective enforcement mechanisms in place.[footnoteRef:14]   Space ethics prompts us to ask whether certain motives are defensible, what risks and trade-offs they entail, which activities should be permitted and what limits should be placed on space activities.  [12:  Chris Impey, ‘Unbound: Ethics, Law, Sustainability and the New Space Race’, Sciendo, Studia Humana, 10.4 (2021), 1-17, (p. 7).]  [13:  The Outer Space Treaty, UN 1967, General Assembly XXI, (Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies), https://www.unoosa.org/oosa/en/ourwork/spacelaw/treaties/outerspacetreaty.html [accessed 12.11.23].]  [14:  Stephen Buono, ‘Merely a ‘Scrap of Paper’?  The Outer Space Treaty in Historical Perspective’, Diplomacy & Statecraft, 31.2, (2020), 350-372, (p. 352).  ] 



Value of research

The value of this research was to (i) examine the space ethics arising from people travelling around space (ii) highlight potential problems and limitations humans face in their quest for settlement off-Earth (iii) offer important insights into the ethical, society and policy implications of space exploration and (iv) highlight the gaps in policy and space law, particularly on how people will be regulated in space.  The fundamental hypothesis that informs and guides this research is that space activity brings with it the ability to pollute, degrade or destroy aspects of the space environment and that this is not sufficiently recognised by governments or private companies that utilise and benefit from that environment.  

Research aim and objectives


The research aims to examine the space ethics arising from space exploration.   From the broad aim, the following three research questions were identified as follows:

· What are the space ethics around humans travelling in and around space?
· How is space exploration justified?  
· Would space exploration allow humanity a different understanding of the cosmos and humanity’s relationship to it?

Structural outline

The following is a summary of each chapter’s purpose and contents:

· In chapter 1, introduction, a background to the study is provided, highlighting the problems and gaps that the research aims to address.   The research questions have been identified.  
· In chapter 2, the literature will be critically reviewed and focus on the theories of space ethics within the context of a new discipline.  The concepts and frameworks included in this investigation were explained from the perspectives of different researchers in the field.
· In chapter 3, the research methodology will be presented.   The adoption of a mixed methods research approach will be justified, and the broader research design will be discussed including the limitations thereof.  It includes the process of data collection and the method adopted for data analysis.
· In chapter 4, the analysis and discussion will be presented in accordance with the study’s objectives.   
· In chapter 5, the conclusion will summarise the overall research findings, set out implications of the study, provide recommendations and also identify recommendations for further research.


CHAPTER 2 - LITERATURE REVIEW 

This chapter provides an overview of the existing body of literature as it relates to the dissertation topic and research questions.   In evaluating the literature, relevant theories, debates, and gaps in policy will be identified and critiqued.   The literature will be presented under the following five themes: Planetary Exploration, Existential Risks, Suffering Risks, Space Technology and The Overview Effect.

Planetary exploration    

[bookmark: _Hlk156908851][bookmark: _Hlk158550473]In examining the ethical implications around humans travelling in and around space, this section examined whether space exploration carried a risk of inflicting environmental damage.   In terms of exploitation, Nesvold raised the issue of whether humanity can learn from their destructive past and avoid causing environmental damage and extinctions in space.[footnoteRef:15]   This raises an hypothetical question that, if humans decided to terraform Mars but, doing so, would kill indigenous microbes, would terraforming Mars be ethically acceptable.  Cockell commented that throughout the history of ethics, a debate has centred on where to draw the line between things that have intrinsic value and those that do not.[footnoteRef:16]   Kovic argued that as microbial life are non-sentient, and would neither feel happiness nor experience suffering, there are no utilitarian considerations of wellbeing or happiness to be considered.[footnoteRef:17]   Such anthropocentric viewpoints argue that humans have greater intrinsic value than other species.   However Green questioned the ethics of utilitarianism, arguing that utilitarianism has a weakness when it comes to this topic since it applies no rationality other than the ability to experience pleasure or suffering.[footnoteRef:18]  Likewise, Baum commented that some circumstances cannot be resolved by evaluation of consequences, and instead must be resolved through use of practical wisdom or virtue.[footnoteRef:19]    Stoner’s tread lightly principle, supports the biocentrism and ecocentrism argument that all living things have an inherent value.   Stoner’s principle holds that humans should avoid invasive or destructive research methods, such as terraforming Mars, if they threaten the value of the subject matter. [footnoteRef:20]   Equally, Green commented that deontology holds the rational view that planets may develop intelligent life and should be given the chance to develop.[footnoteRef:21]   Conversely, Smith stated that while it is possible to argue that microbial life is deserving of moral status, in certain circumstances, human interests should overbalance those of Martian microbes.[footnoteRef:22]   This highlights there to be a compelling priority to work out a system of principles and values with government regulators regarding indigenous microbes before specific questions arise in space.   NASA’s Equity, Diversity and Inclusive Working Group (EDIWG), reported that the future of humanity and their ability to explore space depends on pursuing anticolonial practices.[footnoteRef:23]  The EDIWG recommended a reformed planetary protection policy that prioritizes ethical considerations which would prevent capitalist extraction on other worlds since NASA holds the view that Mars could hold alien life.[footnoteRef:24]   Conversely, Zubrin does not believe there are pathogens on Mars, and regards the policy as unnecessary, accusing NASA of threatening to abort space exploration by putting in place ‘planetary protection’ policies.[footnoteRef:25]  However, Schwartz and Milligan stated that ‘planetary environmental protection’, as proposed by EDIWG, is required to keep space policy aligned with evolving societal norms.[footnoteRef:26]   Whilst documents such as the OST and COSPAR’s Planetary Protection Policy (2020) address some of the above concerns, they lack enforcement mechanisms.  COSPAR is said to be an example of another non-legal binding policy.[footnoteRef:27]  Current policy could leave space open to exploitation as future space people are not obligated to adhere to the policies.    [15:  Erika Nesvold, Off-Earth, Ethical Questions and Quandries for Living in Outer Space, (USA: The MIT Press, 2023), p. 23.]  [16:  Charles C Cockell, ‘The Ethical Status of Microbial Life on Earth and Elsewhere: In Defence of Intrinsic Value’ in The Ethics of Space Exploration, ed. by James S J Schwartz and Tony Milligan, (USA: Springer, 2016), 167-178, (p. 169).]  [17:  Marko Kovic, ‘Risks of Space Colonization’, Elsevier, (2021), 1-32, (p. 15).]  [18:  Green, Space Ethics, p. 131.]  [19:  Baum, The Ethics of, p. 126.]  [20:  Ian Stoner, ‘Humans Should Not Colonize Mars’, Journal of the American Philosophical Association, (2017), 334-353, (p. 350).]  [21:  Green, Space Ethics, p. 130.]  [22:  Kelly C Smith, ‘The Curious Case of the Martian Microbes: Mariomania, Intrinsic Value and the Prime Directive’ in The Ethics of Space Exploration, ed. by James S J Schwartz and Tony Milligan, (USA: Springer, 2016), 195-207, (p. 197).]  [23:  NASA Ames Research Centre, Equity, Diversity and Inclusive Working Group, Ethical Exploration and the Role of Planetary Protection in Disrupting Colonial Practices, (2020), Available at https://arxiv.org/ftp/arxiv/papers/2010/2010.08344.pdf [accessed 1.3.23].]  [24:  NASA Ames Research Centre, 2020.]  [25:  Robert Zubrin, ‘Wokeists Assault Space Exploration’, Capital Matters, 14 November 2020,   https://www.nationalreview.com/2020/11/wokeists-assault-space-exploration/ [accessed 22.3.22].]  [26:  James S J Schwartz and Tony Milligan, Space Ethics According to Space Ethicists, (2021)  https://www.thespacereview.com/article/4117/1 [accessed 5.6.23].]  [27:  COSPAR Policy on Planetary Protection, last update 29 August 2022.  https://cosparhq.cnes.fr/assets/uploads/2021/07/PPPolicy_2021_3-June.pdf [accessed 11.12.23].] 

[bookmark: _Hlk158380408]Existential Risks    
The second research question examined the justification for space exploration.  The plans for establishing a permanent base off-Earth to safeguard against existential catastrophe is one of the primary justifications for space exploration.  Nick Bostrom defined an existential risk as ‘one where an adverse outcome would either annihilate Earth-originating intelligent life or drastically curtail its potential’[footnoteRef:28] (figure 1). [28:  Nick Bostrom, ‘Existential Risk Prevention as Global Priority’, Global Policy, 4.1, (2013), 15-31, (p. 17).] 

[image: Table
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Figure 1: Risk Assessment Framework of Existential Risks, Bostrom

Munevar stated that this colonization may include establishing bases on the Moon or Mars, as well as building the sorts of space colonies championed by Gerard O’Neill.[footnoteRef:29]  Space settlements are seen as possible ways to reduce existential risks whilst reducing environmental impact on earth.  Torres contended that this implied humanity are obliged to follow the ‘maxipok rule’, which instructs us to ‘maximize the probability of an ‘OK outcome’ where an OK outcome is any outcome that avoids an existential catastrophe.[footnoteRef:30]   Certainly, the space settlement debate has raised questions whether it is possible to settle other planets.  Puumala and others identified three variables from which a framework for space settlement can be developed (table 1).   The three variables will present their own unique set of problems which will raise their own ethical questions and feasibility constraints.[footnoteRef:31] [29:  Gonzalo Munevar, ‘An Obligation to Colonize Outer Space’, Elsevier, (2019), 38-40, (p. 38).  ]  [30:  Phil Torres, ‘Space Colonization and Suffering Risks’: Reassessing the ‘Maxipok Rule’, Elsevier, (2018), 74-85, (p. 75).]  [31:  Mikko M Puumala, Oskari Sivula and Kirsi Lehto, ‘Moving to Mars: The Feasibility and Desirability of Mars Settlements’, Space Policy, (2023), 1-11, (p. 2).] 




	Table 1.  Variables in the space settlement debate 
	

Proponents to settlement on Mars include Elon Musk (SpaceX) and Dr Robert Zubrin (The Mars Society).  SpaceX has published its plans to transport the first crews to Mars, within the 2020s, and start building a permanent, self-sufficient settlement.[footnoteRef:32]   Levchenko stated that while the OST does not prohibit colonization of Mars, building a permanent colony on the surface of Mars would call for the development of a new system of laws and regulations, which colonists would be required to abide by.[footnoteRef:33]   Figure 2 shows a model of a futuristic Mars base, on the Mars Society’s website, which will start as interconnected networks of ‘tuna can’ habitats that would be needed for human survival on the Martian surface.[footnoteRef:34]   Puumala and others stated that an additional challenge is either to ‘transport and recycle’ or to produce in situ all necessary life support supplies (oxygen, water, food) and for the return trip to Earth.[footnoteRef:35]   There may be an argument that humanity should not establish space settlements that cannot guarantee such basic rights as water or breathable air.   Given the massive costs and effort, Puumala and others concluded that the justifications for establishing a permanent Mars settlement in the foreseeable future are weak.[footnoteRef:36]   This suggests that the massive costs required of setting up settlements given the constraints would also need to be ethically desired.   [32:  Elon Musk, ‘Making Life Multi-Planetary’, New Space, 6.1. (2018), 1-11, (p. 9).  ]  [33:  Igor Levchenko and others, ‘Mars Colonization: Beyond Getting There’, Global Challenges, (2019), 1-11, (p. 3).]  [34:  The Mars Society, (2024), <https://www.marssociety.org> [accessed 11.11.23].]  [35:  Puumala, Sivula and Lehto, ‘Moving to Mars’, p. 2.]  [36:  Puumala, Sivula and Lehto, ‘Moving to Mars’, p.10.] 
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Figure 2  A Futuristic Mars Base Model, The Mars Society, 2022

Suffering Risks    

Establishing a permanent human presence on Mars would involve many serious risks to people.  Kovic warned that moving humans off planet to another planet could cause s-risks (suffering risks), which would be far worse than humankind going extinct.[footnoteRef:37]   Furthermore, Kovic named ‘aberration risks’ and ‘conflict risks’ as new space colonization-related risks, that would not otherwise exist if it was not for space colonization activities.[footnoteRef:38]   The conclusion is that space settlement creates risks, whose potential harm could easily overshadow all the benefits of humankind’s long-term future. In his critique of Kovic, Circovic argued that the insistence on s-risks to be allegedly caused by space settlement is grounded in a very narrow ethical framework (negative utilitarianism).  Circovic pointed out that deontology, virtue ethics and positive utilitarianism are not obliged to follow sceptical arguments based on s-risks.[footnoteRef:39]  Zubrin concurred that life in the initial Mars settlements would be harder than life on Earth but maintained people will be willing to take a chance to do something important with their lives.[footnoteRef:40] Green considered that the good character of virtue ethicists to be a ‘universal foundation’, upon which to develop ethical behaviour in space. [footnoteRef:41]  A moral question arises whether it is acceptable to send humans into what will be a hostile environment, even with informed consent, in the short-term.   Utilitarianism might favour risking the lives of a group of people to save humanity in the long term but Green reasoned that utilitarianism is a difficult approach to ethics when the future is unpredictable like space settlement.[footnoteRef:42]   However, Levchenko and others’ views are that the journey first colonists undertake would be a ‘one way’ endeavour as they will have no physical means of returning.[footnoteRef:43]  This was in accord with Abney’s view that any flight to Mars will likely be a death sentence in the near term, and such an experiment would likely not pass credence with an ethics review committee on Earth.[footnoteRef:44]  Conversely, Marino does not believe that humans are capable of enacting a successful colonization of another planet, the evidence being that humans have destroyed their home planet.[footnoteRef:45]  These arguments underline some disparate opinions towards space settlement. [37:  Kovic, ‘Risks of Space’, p.16.]  [38:  Kovic, ‘Risks of Space’, p. 5.]  [39:  Milan M Cirkovic, ‘The Nutshell Kings: Why is Human Space Settlement Controversial in the First Place?’, Elsevier, (2022), 1-8, (p. 7).]  [40:  Robert Zubrin, ‘Why We Earthlings Should Colonize Mars’, Theology and Science, 17.3, (2019), 305-316, (p. 308).]  [41:  Green, Space Ethics, p. 181 Brian Patrick Green, ‘Self-Preservation Should be Humankind’s First Ethical Priority and Therefore Rapid Space Settlement is Necessary’, Elsevier, (2019), 35-37, (p. 181).]  [42:  Green, Space Ethics, p. 47]  [43:  Levchenko and others, ‘Mars Colonization: Beyond’, p. 4.]  [44:  Kelly C Smith and others, ‘The Great Colonization Debate’ Elsevier, (2019), 2-14, (p. 13).]  [45:  Smith and others, ‘The Great Colonization’, p. 13.] 


Space technology      
Much of the literature on space technology highlights technological constraints to the back-up Earth theory.  The EDIWG reported that the urgency of finding a second home on Mars in the shadow of looming environmental catastrophe on Earth is not only a questionable endeavour but scientifically impossible with present technology.[footnoteRef:46]  Torre claimed that Bostrom’s priority is to reduce existential risks because an existential catastrophe would prevent humanity from reaching a stable state of technological maturity.[footnoteRef:47]  According to Bostrom, there are four ways that this could happen: (i) humanity could go extinct (ii) civilization could stagnate (iii) civilization could reach technological maturity but in a flawed manner (iv) civilization could reach technological maturity but subsequently deteriorate.[footnoteRef:48]  Bostrom’s classes of existential risk may explain why no type I, II or III civilizations have been identified in the universe as they never make it beyond the existential annihilation of their species, which cannot then develop the space technology.  Smith and others stated that colonization with present technology would be an ethically suspect experiment since humanity are not ready to settle Mars technologically.[footnoteRef:49]  In addition, Puumala and others stated that the crewed missions to deep space targets are much more demanding than previous missions due to the physiological and psychological dangers and stresses caused by the long-duration trip in the deep space condition.[footnoteRef:50]   Namboodiripad and Nimal stated that, according to the Kardashev scale, which is a method of measuring a civilization’s technological advancement based on the energy they can use, is just under type I (table 2).[footnoteRef:51] [46:   NASA Ames Research Centre, Equity, Diversity and Inclusive Working Group, Ethical Exploration and the Role of Planetary Protection’ 2020. ]  [47:  Torres, ‘Space Colonization and’, Elsevier, p. 84.]  [48:  Bostrom, ‘Existential Risk Prevention’, p. 17.]  [49:  Smith and others, ‘The Great Colonization’, p. 13.]  [50:  Puumala, Sivula and Lehto, ‘Moving to Mars’, p.2.]  [51:  Aditi Namboodiripad and C N Nimal, ‘Predicting the Timeline for Earth Achieving Kardashev Scale Type I Status’, Journal of Science and Technology, 6.1, (2021), 148-152, (p. 148).   ] 


Table 2.  Civilization Type by Power
	Type
	Civilization description 
	Energy (erg/sec)
	Technological level

	I
	
	~4x1019
	

	II
	
	~4x1033
	

	III
	
	~4x1044
	



Namboodiripad and Nimal stated researchers have predicted that Earth will not reach type I civilization until 2347.[footnoteRef:52]  Green remarked that the discovery of ETI would be significant because it would mean that life is not exclusive to Earth.[footnoteRef:53]   The Fermi Paradox, named after the physicist Enrico Fermi, refers to the dichotomy between the high probability that ETI exists and the fact that we have no evidence for such aliens.   As Bostrom noted, statistically speaking, primitive primordia life should come into existence relatively often, which means the absence of any intelligent life in the universe creates a paradox[footnoteRef:54].   One solution to the Fermi Paradox is the Great Filter hypothesis, conceived by Robin Hanson in 1998, which suggests that there is some kind of absurdly difficult step in the evolution of life – one that precludes it from becoming interstellar, suggesting that life is being filtered out of the universe at some point (figure 3).[footnoteRef:55]   The implication is that civilization destroys themselves before developing spacefaring technologies.   [52:  Namboodiripad and Nimal, ‘Predicting the Timeline’ p. 149.   ]  [53:  Green, Space Ethics, p. 155.]  [54:  Bostrom, ‘Existential Risk Prevention’, p. 24.]  [55:  Robin Hanson, The Great Filter – Are we Almost Past It?, (1998), <https://mason.gmu.edu/~rhanson/greatfilter.html> [accessed 4.7.23].] 

[image: See the source image]
Figure 3   The Great Filter

Meanwhile, NASA is advancing many technologies to send astronauts to Mars as early as the 2030’s.   Some of the technology they are currently working on would safely send astronauts on a two-year return trip to Mars.   NASA intend to test new technologies on the Moon before sending humans to Mars under the Artemis space programme.[footnoteRef:56]  The first aims of the Artemis programme are to return human crews to the Lunar surface and establish a crewed station both on the Lunar orbit and on the surface.[footnoteRef:57]  This suggests that, under NASA’s plans, the Moon would be a first stepping stone toward human exploration to Mars. [56:  NASA (2024), < https://www.nasa.gov/humans-in-space/humans-to-mars/> [accessed 23.1.24].]  [57:  NASA (2024), <https://www.nasa.gov/specials/artemis/> [accessed 25.1.24].] 

Overview Effect   

The third question examined whether space exploration would allow humanity a different understanding of the cosmos and humanity’s relationship to it.  Cohen and Spector remarked that travelling beyond the biosphere may alter how humanity views their place in the Universe and relationship to the Earth.[footnoteRef:58]   Images such as Earthrise and the Pale Blue Dot are said to have provided such cosmic experiences.   Poole commented that the ‘Earthrise’ photograph taken by the astronaut, Bill Anders, in 1968 had ‘given the world a picture to think with’, one as significant as the Copernican revolution (figure 4).[footnoteRef:59]  For the first time, people could see Earth framed against the black emptiness of eternal space as well as its insignificance in the universe, signalling a deep change in how humans looked at Earth.    [58:  Erik Cohen and Sam Spector, ‘The Dawn of a New Era’, in Space Tourism: The Elusive Dream, 1st edn, ed. by Erik Cohen and Sam Spencer, (UK: Emerald Publishing Limited, 2019), 1-14, (p. 1).]  [59:  Robert K Poole, ‘Earthrise: How Man First Saw the Earth’, Yale University Press, (2008), 1-15 (p. 4).] 

[image:  ]
Figure 4.   Earth as seen from the surface of the moon. (Image credit: NASA/Bill Anders, 1968)

The image of the Pale Blue Dot taken in 1990 by the Voyager 1 space probe, showed the earth’s vulnerability as a mere speck embraced by a ray of sunlight (figure 6). Bentley commented that the Pale Blue Dot symbolized hidden complexity and diversity as the one pixel on the photo is where conscious life (that we know of) is present. [footnoteRef:60]   This is philosophically rich and suggests that seeing the Earth from space delivers a powerfully felt planetary awareness.   [60:  Wessel Bentley, ‘The Pale Blue Dot and the Knowledge Systems of Science and Religion’, Research Institute for Theology and Religion, 42.2, (2021), 1-7, (p. 2)] 


[image: Dark grey and black static with coloured vertical rays of sunlight over part of the image. A small pale blue point of light is barely visible.]

Figure 5.  Earth taken at a distance of 3.7 billion miles from the Sun (Image credit: NASA’s Voyager 1 spacecraft, 1990)

[bookmark: _Hlk132746999]The image inspired the title of Carl Sagan's book, ‘Pale Blue Dot: A Vision of the Human Future in Space’ in which Sagan wrote: ‘Look again at that dot. That's here. That's home. That's us.’ [footnoteRef:61]   Similarly, White’s seminal study in the mid-1980s on the ‘overview effect’ became iconic for explaining a cognitive shift in awareness as reported by astronauts during spaceflight.  The overview effect refers to the experience of seeing first-hand the reality that the ‘Earth is in space, a tiny, fragile ball of life, hanging in the void, shielded by a paper-thin atmosphere’. [footnoteRef:62] This view is supported by Jeff Bezos who travelled to the edge of space with Blue Origin in 2021.   On describing the Earth’s atmosphere as incredibly thin, he commented ‘it's one thing to recognize that intellectually, it’s another thing to see with your own eyes how fragile it is’.[footnoteRef:63]  Along the same lines, Kanas commented that many astronauts have reported intense feelings of awe and transcendence on viewing the Earth from space.[footnoteRef:64]  Some astronauts have used the metaphor ‘mother’ in reference to planet Earth.  Astronaut Russell Schweickart, in White, stated metaphorically ‘I viewed my mother quite differently when I was in the womb than I did after birth.’[footnoteRef:65]  White added that it is a rebirth of a very changed person with a different, more complete perspective, the fear associated with it as a death and rebirth in space.[footnoteRef:66]  The metaphor allows understanding of abstract feelings that cannot be directly understood.   White revealed that his original insight of the overview effect focussed on ‘future space dwellers’, living permanently in O’Neill communities, named after Gerard O’Neill, dwellers who would have an overview of the Earth every day (figure 6).[footnoteRef:67]  Figure 5 illustrates how people would live in O’Neill apartments at a density comparable to small towns on Earth.  O’Neill and Reynolds stated that there were those that called the concept escapism, but space habitats would solve many of the problems on Earth from resource depletion to energy crisis to overpopulation.[footnoteRef:68]  This was also the view of Munevar who added that space colonization would present an opportunity to move polluting industries into space.[footnoteRef:69]   [61:  Carl Sagan, Pale Blue Dot: A Vision of the Human Future in Space, (New York: Ballantine Books Inc, 1997), p. 5.]  [62:  Frank White, The Overview Effect, p. 5]  [63:  Samantha Masunaga and Andrew Mendez, ‘Jeff Bezos Returns to Earth After Suborbital Space Trip on Blue Origin’s New Shepherd’, The Los Angeles Times (online), 20 July 2021, p. 1.]  [64:  Nick Kanas, ‘Spirituality, Humanism and the Overview Effect During Manned Space Missions’, Elsevier, (2018), 525-528, (p. 525).]  [65:  Ormrod and Dickens, Space Tourism, Capital, p. 237.]  [66:  White, Overview Effect, p. 6.]  [67:  White, Overview Effect, p. 6.]  [68:  Gerard K O’Neill and Ginie Reynolds, ‘Habitats in Space’, The Science Teacher, 44.6, (1977), 22-26, (p. 22).  ]  [69:  Gonzalo Munevar, ‘An Obligation to Colonize’, p. 38.  ] 
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Figure 6.   O’Neill Colony 1977 (O’Neill and Reynolds)
Conversely, Baxter foresaw such drawbacks as the destruction of the health of space workers, the grimness of life in a failing habitat, coercion by corrupt elites and the unhealthy fragmentation of mankind.[footnoteRef:70]   [70:  Stephen Baxter, ‘Dreams and Nightmares of the High Frontier: The Response of Science Fiction to Gerard K O’Neill’s The High Frontier’, In The Ethics of Space Exploration, ed. by James S J Schwartz and Tony Milligan, (USA: Springer, 2016), 15-30, (p. 29).] 

This section has shown how space exploration through the lens of astronauts and images, has given humanity a different understanding of the cosmos and Earth’s relationship to it.

CHAPTER 3 – RESEARCH METHODOLOGY   

In this section, the research methodology of the dissertation is described.  The research design was guided by the following three research questions:  

· What are the ethical implications around humans travelling in and around space?
· How is space exploration justified?  
· Would space exploration allow humanity a different understanding of the cosmos and humanity’s relationship to it?

[bookmark: _Hlk102417770]Research Methods   

[bookmark: _Hlk137977917]A mixed methods research (MMR), combining both quantitative and qualitative research was used in this study.  Creswell, who has written several books on MMR, suggested using MMR when either quantitative or qualitative research is insufficient to fully understand the problem.[footnoteRef:71]  More significantly, the space environment, referred to as new terra incognita, by Peters in the Introduction of this study, was of the utmost consideration when deciding on a methodology.[footnoteRef:72]  The research adopts the ontological assumption that ‘social reality’ consists of an underlying layer that cannot usually be observed directly.   Blaikie stated that knowledge of this real layer can only be gained by constructing imaginary models of how these structures might operate through painstaking research using a variety of quantitative and qualitative data-gathering procedures.[footnoteRef:73]  Similarly Schwartz contended that the study of the space environment is a plural undertaking, since there is a great diversity of phenomena to study.[footnoteRef:74]  Thus, MMR can help bridge the gap between quantitative and qualitative research to gain more comprehensive social phenomena when the research focus involves new, evolving, dynamic and complex phenomena such as space ethics.   [71:  John W Creswell, ‘Steps in Conducting a Scholarly Mixed Methods Study’, DBER Speaker Series, (2013), 1-54, (p. 20).  ]  [72:   Peters, ‘Does Extraterrestrial Life’, p. 309.]  [73:  Norman Blaikie, ‘Social Research and Data Analysis: Demystifying Basic Concepts’, in Analysing Quantitative Data: From Description to Explanation, (London: Sage Publications Limited, 2003), (p. 17).]  [74:  James S J Schwartz, ‘On the Methodology of Space Ethics’, in The Ethics of Space Exploration, ed. by James S J Schwartz and Tony Milligan, (USA: Springer, 2016), 93-107, (p. 95).] 


Target groups   

There were two target groups for the online questionnaire.   

· The first group were members of Space Exploration groups on Facebook and targeted to complete an online questionnaire using self-selecting sampling, a non-probability technique.    Members in these groups were space enthusiasts which aligned to the research questions. The Facebook admins, acted as gatekeepers.   Kumar stated that the disadvantages of using non-probability sampling techniques are that the samples are not representative of the general population.[footnoteRef:75]    [75:  Ranjit Kumar, Research Methodology, A Step-by-Step Guide for Beginners, 2nd edn, (Malaysia, Sage Publications Ltd, 2005), p. 12.  ] 

· To widen the general population, therefore, the second group were recruited using convenience sampling, another non-probability technique.  Members of this group were from members of the public.

[bookmark: _Hlk141453023]The interviewees were members of the Round Table for the Overview Effect, based in the US, and who hold weekly online discussions on space activities.  Many of their members aspire to go to space and their contribution was fundamental.   Interviewees were recruited using snowball recruitment, another non-probability sampling technique, with the assistance of the facilitator of the group and author of the Overview Effect.  

Data collection methods and process   

My study used an explanatory sequential two-phase research design (figure 7).   The benefits of the explanatory sequential design are that the two-stage structure makes it easy to execute because the researcher applies the two methods in separate stages.  The design began by producing a set of quantitative results, followed by a qualitative study to understand those results.


Figure 7.  Research design   

Questionnaire: I designed an online questionnaire using Google forms for the first stage, which received 45 responses over five days.  The questionnaire used mainly close-ended questions and were designed to measure the constructs of the three research questions (table 3).  Three open-ended questions were used to give the respondents an opportunity to express themselves freely.  The questions were informed by the literature review which, in turn, helped inform the qualitative phase.  

	[bookmark: _Hlk158929982]Table 3.  Definitions and questions to establish core constructs of underlying themes with members of Space Exploration groups on Facebook

	Core constructs
	Definition
	Questions used in estimating constructs

	1
Demographics
	
	Gender
Age

	2
Space exploration
	To explore the ethical issues associated with space travel.


Baxter 2016; Bentley 2021; Cohen 2017; Impey 2021; Kanas 2018; O’Neill and Reynolds 1977; Poole 2008; Schwartz 2014; White 2021




 
  
	What justification do you think that humans have for exploring space?

	
	
	What justification do you think that humans have for not exploring space?

	
	
	Do you think that the health risks associated with space exploration still make it worthwhile?

	
	
	How concerned are you with the space debris and high-level pollution that space exploration creates?

	
	
	Do you think that resource extraction and mining in outer space is a fundamental part of space exploration?

	
	
	If you were offered an opportunity to go on a suborbital trip, which of the following would be the deciding factors?

	
	
	Do you think that space exploration would allow humanity a better understanding of the cosmos and our relationship to it?

	2
Colonization
	To explore the arguments for and against colonization as a backup Earth.  

Bostrom 2013; Circovic 2022; Cockell 2016; Green 2022; Hanson 1998; Kelly and others 2021; Kovic 2020; Musk 2018; NASA website; Nesvold 2023; Puumala and others 2023; Stoner 2017; Torres 2018; Zubrin 2019
  
 
 
	Elon Musk wants to colonize Mars to save humanity.  How soon do you think that this might likely happen?

	
	
	Do you think that if settlement to Mars is the only way to preserve humanity’s future, then it is morally justified?

	
	
	Would you offer to be one of the first people on Mars to build the base for others?

	
	
	Do you think that it is morally and ethically right to knowingly subject people to sign over their most basic rights in establishing a permanent colony on Mars?

	
	
	Do you think that the first colonists would be happy or miserable?

	
	
	If Mars has contaminants which are harmful to humans, should anyone journeying to Mars not be allowed back on Earth?

	
	
	Do you think that the Fermi Paradox explains why humanity has never encountered any intelligent extra-terrestrial species?

	3
Open-ended questions
	Allowed the respondents to express themselves freely     
	What are your views about suborbital trips?

	
	
	What are your views about Mars colonization?

	
	
	Do you think that travelling to space would give people a different perspective on their place in the universe?



Semi-structured interviews: Interview questions were developed to complement the issues raised by the literature review and results of the questionnaire.  The interviews were conducted via zoom and recorded.  Bell stated that semi-structured interviews are used when the interviewer knows what questions to ask but does not know what answers to expect.[footnoteRef:76]  Open questions were used to allow the interviewees to respond by telling their own story.  Bell states, unlike surveys, semi-structured interviews are flexible as the interviewer can follow up ideas, probe responses and investigate feelings.[footnoteRef:77]  Participants also voluntarily offered information that was not part of the interview guide, which contributed to the rich data.  The research questions were structured into five core constructs (table 4).   [76:  Judith Bell, Doing Your Research project, A Guide for First-Time Researchers in Education, Health and Social Science, 5th edn, (Glasgow, Open University Press, 2010), p. 160.]  [77:  Bell, Doing Your Research project, p. 161.] 





	[bookmark: _Hlk158930015]Table 4.  Definitions and questions to establish core constructs of interviews with members of the Round Table Overview Effect

	Core constructs
	Definition
	Questions used in estimating constructs

	1
Opening questions
	Hennink and others state that these questions aim to build rapport with the interviewee.[footnoteRef:78] [78:  Monique Hennink, Inge Hutter and Ajay Bailey, Qualitative Research Methods, 2nd edn, (Great Britain, Sage Publications Inc, 2011), p.114.] 

	How did you become a member of the Round Table Overview Effect?


	2
Colonization
	To explore the arguments for and against Mars colonization and an alternative Earth 
	What are your views about the colonization of space being necessary for the future of humanity?

	3
Space Ethics
	To explore the ethics and morals associated with space exploration
	Is there a moral duty to protect the space environment on other planets?

	
	
	Is it ethical to send people to colonize Mars, given the harsh environment.

	4
Relationship with the universe
	The degree to which space explorers develop a closer relationship with the universe
	Why do we need to go to space?

	
	
	What are the psychological effects that astronauts experience when viewing Earth from space?

	5
Closing questions
	Hennink and others recommend closing questions to reduce the rapport that has been established before leaving the interviewee.[footnoteRef:79] [79:  Hennink, Hutter and Bailey, Doing Your Research, p. 114.] 

	What are your hopes for space exploration in the future?


[bookmark: _Hlk139354400]
[bookmark: _Hlk158930030]Table 5.   Sample profile of in-depth semi-structured interviews
	Interviewee 1
	· Author of the Overview Effect
· Space Philosopher
· Colleague of the late Gerard K O'Neill at the Space Studies Institute, Princeton, on space communities in the 1970s
· Based in the US

	Interviewee 2
	· Aerospace Systems Engineer
· Interests: building first bases on Moon or Venus 
· Based in the US

	Interviewee 3
	· Author of Space Ethics
· Speaker on Space Ethics
· Based in the US

	Interviewee 4
	· Director of Marketing and Business Development Space Systems Division at ILC Dover
· Manufacturers of EVA spacesuits for NASA
· Based in the US




Data analysis   
My sequential explanatory MMR design involved collecting, analyzing and integrating data in two consecutive phases.   The first quantitative phase used a survey (n=45) for statistical analysis and the second qualitative phase comprised semi-structured interviews (n=4), analysed using thematic coding.  Blaikie stated that quantitative research measures numerical results to help predict possible outcomes.[footnoteRef:80]  The findings of the quantitative data were presented using the graphical method. A percent frequency distribution was used in the closed questions to understand what percentage of a distribution was composed of certain values.  The frequencies were converted to percentages to the whole number and thus the total percentages may not add up to 100.   [80:  Blaikie, Social Research and, p. 65.  ] 


For the qualitative analytics, I developed a coding scheme and conducted thematic searches using the codes, following a six-step process (figure 8).  
 
Figure 8.   Six-step thematic analysis process

This process helped avoid confirmation bias, which may have otherwise contradicted any pre-existing beliefs I may have held.  I transcribed and typed up each of the zoom interviews in full, which enabled familiarisation of the data whilst identifying recurring themes.   Next, I coded the data from the interviews by highlighting certain phrases in different colours corresponding to the different codes identified to support/oppose the findings of the questionnaire.  Next, I turned the codes into themes by identifying patterns and several codes were subsequently turned into a single broad theme.  As Biggam stated data analysis rarely consists of only descriptions and analysis of themed groups of sub-questions in isolation.[footnoteRef:81]  For the richer dimension, Biggam stated that it is necessary to cross-reference respondent data, linking different themes, adding cumulative meaning through an iterative process and analysis with the literature review.[footnoteRef:82]   After reviewing the themes some themes were discarded or combined.    [81:  John Biggam, Succeeding With Your Master’s Dissertation, A Step-by-Step Handbook, 3rd edn, (England, Open University Press, 2015), (p. 192).]  [82:  Biggam, Succeeding With Your, p. 192.] 


I subsequently merged the results. The final report represented triangulation in that each final theme represented analysis of data from at least two sources and literature was used to further support these conclusions. The integration phase required the findings to consider whether the findings converged, were complementary or contradictory. McKin stated that the value of MMR is the integration component which gives readers more confidence in the results and the conclusions they draw from the study.[footnoteRef:83]  The triangulation process increased the credibility and validity of the research findings.   [83:  Courtney A McKim, ‘The Value of Mixed Methods Research: A Mixed Methods Study’, Journal of Mixed Methods Research, 112, (2017), 202-222, (p 202).] 



Data quality and study limitations

This study has potential limitations in that the data collection for the qualitative research was based on a small sample of participants.  Hennink and others stated that due to the in-depth nature of qualitative research, few participants are required as the purpose is ‘to achieve depth of information by mining each participant deeply for their experiences’.[footnoteRef:84]  Each of the interviewees were able to contribute a wealth of information to the study due to their respective experiences as all belonged and worked within the space community and could be considered ‘insiders’ (Appendix 1).  Van De Ven contrasts the outside researcher as a ‘detached, impartial onlooker who gathers data’ with the inside researcher who is a ‘participant immersed in the actions and experiences within the system being studied’.[footnoteRef:85] Consequently, the qualitative data benefitted from the interviewees’ insider status enabling me, as an outsider, to enhance my insights and to gather a richer set of data.   In contrast, the quantitative research data was collected from the wider public, who could be judged outsiders. This data was valued for its relative emotional distance, despite outsiders essentially lacking the lived experience of an insider and not being able to emerge with the same depth of understanding.   Overall, the data quality benefited from wide-ranging and comprehensive results across both sets of datasets to minimize any limitations. [84:  Hennink, Hutter and Bailey, Doing Your Research, p. 89.]  [85:  Andrew H Van De Ven, Engaged Scholarship, (Oxford, Oxford University Press 2007), p. 269.  ] 
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Introduction

This chapter comprises the results and analysis of the mixed methods research, derived from the conducted research whose aim was to undertake ‘An Examination of the Space Ethics Arising from Space Exploration’.  Excerpts from the interviewees’ contributions will be presented under five themes: (i) Exploration or Exploitation, (ii) Indigenous life, (iii) Back-up Earth, (iv) Space Technology and (v) The Overview Effect.  The three research questions will be addressed under the five themes.     

Exploration or exploitation   

The first research question examined the ethics around humans travelling in and about space.  Survey participants were asked what the deciding factor would be if offered the opportunity to go on a suborbital flight (figure 9).  

Figure 9.   Frequency of participants’ responses for the deciding factor to go on a suborbital flight

As shown in figure 10, one third of participants, 33% (n=15) chose curiosity as the foremost factor for going on a suborbital trip.  Contrary to expectations this study found that only 13% (n=6) of participants chose a deep spiritual experience as their deciding factor if offered the opportunity to go on a suborbital flight. One unanticipated result was that a female participant, aged over 50, cited spiritual reasons for resisting suborbital trips because ‘the psyche, the magic of the soul is no longer regarded’.  This suggests that people looking for deep spiritual experiences are not attracted to suborbital flights.   Conversely, 24% (n=11) of survey participants said they wouldn’t take a suborbital trip if offered one.  This was also the view of several interviewees who stated that they were more interested in the orbital experience rather than the suborbital.   Furthermore, a male survey respondent, aged 18-29, commented that ‘suborbital trips with the intent to commercialize for fun trips is rather meaningless as you’re polluting without good reason.’  This echoes Impey’s comments around various space junk increasingly polluting the Earth around the low Earth orbit.[footnoteRef:86]   [86:  Impey, ‘Unbound: Ethics, Law’, p. 7.] 

 
The next question asked survey participants how concerned they were regarding the space debris and pollution created by SE (figure 10).


Figure 10.   Frequency of participants’ responses to high level pollution and space debris in space

Figure 10 shows the results to be divisive with 37% (n=17) of survey participants, in total, anxious about space debris and pollution, whilst 37% (n=17) were equally indifferent.   It is possible that these results underestimate the severity of the problem, since Impey had highlighted the amount of space debris and satellites increasingly orbiting the low Earth orbit was intensifying the probability of collisions.  Another possible explanation for the results is that survey participants may not be aware of the amount of space debris orbiting the lower Earth orbit.   

Survey participants were asked to indicate whether they thought that resource extraction and mining in outer space is a fundamental part of space exploration (figure 3).  

Figure 11.  Frequency of participant responses on whether resource extraction and mining in outer space is a fundamental part of space exploration

Figure 11 shows just over half of survey participants, 57% (n=11), believed that resource extraction is a fundamental part of space exploration.   This is at variance with Stoner’s principle that holds that humans should ‘tread lightly’ and avoid invasive methods.[footnoteRef:87]  On resource exploitation, interviewee 2 commented [87:  Stoner, ‘Humans Should Not’, p. 350.] 


I am a space hippy so I am very much an environmentalist in like that is something I care about   I do have anxiety around resource exploitation because it does seem like you are just taking the resources from these planets.  I don’t think it is a regulation issue because the space law, from the 1960s, places emphasis on keeping it as pristine as possible.  

The consequence of this finding is that as there are no mechanisms in place to enforce the OST, the implications around the protection of planets means it could be open to exploitation.   This is in accord with Buono’s comment that the OST does not address the real need of space law and environmental protection in the new space era.[footnoteRef:88]   Interviewee 1 had the following to say regarding humans exploiting resources in space  [88:  Buono, ‘Merely a Scrap’, p. 371.] 


We need to know if humans are more involved in exploration or exploitation.   If we don’t have a balance, it appears to me that we will repeat the mistakes of the past, so I think we need a new philosophy of space exploration and we are not there to be honest.   

These comments echo Nesvold’s hope that humanity can learn from their destructive past and avoid causing environmental damage and extinctions in space.[footnoteRef:89]   Interviewee 2 became emotional around the prospective future exploitation of space [89:  Nesvold, Off-Earth, Ethical Questions, p. 23.] 


The hope is that future space explorers will be respectful towards the environment.  If we try to regulate it then people will push back.   This is the point where I get anxiety around everything …… (becomes inaudible and starts to sound and looks visibly upset).   

These comments may help us to understand that the potential exploitation of outer space can be quite an emotive subject for many people, particularly as the current planetary protection policies, such as the OST and COSPAR policies, are not enforceable.  This brings into line Green’s comment that virtue ethics with its approach to ‘good’ character would be the basis upon which to develop ethical behaviour in space.[footnoteRef:90]  An implication is that virtue ethicists would be less likely to cause environmental damage in the space environment.   However, what constitutes good behaviours can vary with different ethical philosophies and circumstances at the time.   Pointing out the complexity of ethics, interviewee 3, an author on space ethics, commented  [90:  Green, Space Ethics, p. 24.   ] 


I think there is a lot of resources that can be brought to the question beyond that mean division between utilitarianism and deontology but space ethics is ultimately the study of what makes actions right or wrong, of what is truly valuable, in the context of space exploration.   

As Green stated utilitarianism philosophy is a difficult approach to ethics when the future is unpredictable like space ethics, which is interesting.[footnoteRef:91]  A possible inference may be that the deontology approach of weighing up what is right and wrong is required when making decisions in unknown territories.  With the advent of the space commercial industry, it is imperative that people’s actions are guided by ethical considerations. The main issues that emerged from the above findings were the concern around whether future space people will behave in an ethical and respectful manner, particularly given the outdated OST. [91:  Green, Space Ethics, p. 47.] 


Indigenous lifeforms 
The next section of the survey concerned indigenous lifeforms.   Survey participants were asked whether they thought terraforming Mars would be morally acceptable, if it was found that Mars has Martian microbes (figure 4).


Figure 12.  Frequency of participants’ responses on whether terraforming Mars would be morally acceptable if it was found that Mars has Martian Microbes.

[bookmark: _Hlk158550533]Two-thirds of survey participants 66% (n=29) felt that it would be morally improper to terraform Mars if Martian microbes were found, aligning with Kovic’s view that eradicating Martian microbes would represent an existential damage.[footnoteRef:92]  These results accord with those of the deontological and biocentric viewpoints that all living beings have intrinsic value.  Interviewees from the space community were consensus in their view that people needed to abide by strict moral codes when encountering Martian microbes.   On the question of terraforming Mars, interviewee 1 stated [92:  Kovic, ‘Risks of Space’, p.5.] 


There is a lot of talk about terraforming Mars making it like Earth.  Do we really want to do that?  I don’t want to try and answer the question, I want to raise it.  But do we really want to go out and make all the other planets look like Earth or do we want to adapt and learn and evolve to be more in harmony with these other planets.   That’s an ethical issue at a meta level …

[bookmark: _Hlk158550565]The above question is important because many private companies are attracted to the terraforming concept, such as Musk and Zubrin, which is in contention with existing planetary protection regulations, such as COSPAR and OST.   The remaining one-third of survey respondents who thought it would be acceptable to terraform Mars if Martian microbes were found supports the viewpoint of anthropocentricism who hold that humans have greater intrinsic value than other species.  Interviewee 1 urged restraint and felt that humanity needed to understand the solar ecosystem before appropriating space and explained why it was an ethical issue 

My view is that we must protect those environments.  It could have a dramatic impact on the entire system if we start terraforming other planets.  It’s all interwoven and we just haven’t got the consciousness or the data yet to understand that for the solar ecosystem.  We don’t have the slightest idea yet the implications of that.  The Moon and the Earth are almost one system, we need to understand these relationships…. that’s going to take a level of thinking that is not happening yet.
[bookmark: _Hlk157348168]
This opinion generally endorses the views contained in the EDIWG’s White Paper which recommended that the future of humanity and their ability to explore space depends on pursuing anticolonial practices.[footnoteRef:93]  This recommendation of regulating anti-colonial practices by enforcing a planetary protection policy conflict with private organisations’ ambitions to terraform Mars.    There were some negative comments to EDIWG’s recommendations from Zubrin, who accused NATO of trying to abort space exploration by putting in place ‘planetary protection’ policies.[footnoteRef:94]   [93:  NASA Ames Research Centre, Equity, Diversity and Inclusive Working Group, Ethical Exploration and the Role of Planetary Protection in Disrupting Colonial Practices, (2020), Available at https://arxiv.org/ftp/arxiv/papers/2010/2010.08344.pdf [accessed 1.3.23].]  [94:  Robert Zubrin, ‘Wokeists Assault Space Exploration’, Capital Matters, 14 November 2020,   https://www.nationalreview.com/2020/11/wokeists-assault-space-exploration/ [accessed 22.3.22].] 


[bookmark: _Hlk157349233]Some of the issues emerging from this section relate specifically to planetary protection policies and how people should behave in space.   Recent planetary protection policies such as COSPAR which is linked to Article IX of the OST, calls for the avoidance of ‘harmful contamination’ of the Moon and other planets, but does not have any legal mandate.[footnoteRef:95]  COSPAR is said to be an example of another non-binding international document.  The implication is that without a binding planetary protection policy in position, the risk is that colonial practices may be replicated in space. [95:  COSPAR Policy on Planetary Protection, 2022, p. 2] 


Back-up Earth   

The back-up Earth theory emerged as one of the primary justifications for space exploration.  Survey participants were asked, if settlement on Mars was the only way to preserve humanity’s future, whether it would be morally justified (figure 13).   


 Figure 13.   Frequency of participants’ responses to whether it is morally justifiable to settle on Mars if it is the only way to preserve humanity’s future.

Over three-quarters of respondents 76% (n=34) believed it ethical to colonize Mars to preserve humanity’s future.  One male participant, aged 18-29, commented that ‘if colonization on Mars meant humanity will live longer, then it was worth it’.   This result underpinned Bostrom’s risk assessment framework which signified there was an existential risk to being a one planet species.[footnoteRef:96]   This result supports the utilitarian standpoint of maximizing the best consequences.   Similarly, it underpins Torre’s maxipok rule where an OK outcome is any outcome that avoids an existential catastrophe.[footnoteRef:97]  Only a small number of survey participants, 9% (n=4), felt that humanity has a duty to allow their own extinction.  Conversely, the consensus amongst interviewees was that it would be ethically wrong if people were sent to colonize Mars in the foreseeable future.  Interviewee 4 commented [96:  Bostrom, ‘Existential Risk Prevention’, p. 17.]  [97:  Torres, ‘Space Colonization and’, p. 47.] 


There is no oxygen there, there is not sufficient air pressure, whilst there is some atmosphere on Mars it’s not nearly dense enough to sustain human life, even with poser pressurized oxygen masks at low enough pressures, humans just can’t survive.  The reality is that to survive on Mars, we need to take a bit of Earth with us.  The logistics of just getting enough stuff there to colonize is mind boggling to me knowing the scientific reality.  

These findings are not very encouraging.   However, the results support Puumala and others’ view that any travellers to Mars would be challenged either to ‘transport and recycle’ or to produce in situ all necessary life support supplies (oxygen, water, food).[footnoteRef:98]   The implication is that in the short-term, any traveller to space will be limited by their dependence on spacesuits.   [98:  Puumala, Sivula and Lehto, ‘Moving to Mars’, p. 2.] 


Next, participants were asked how soon space settlement might likely happen (figure 14).

Figure 14.  Frequency of participants’ responses to how soon colonization of Mars is likely to happen.

The results show that 33% (n=42) of survey participants, in total, believed that colonization would happen within 50 years.   This result conflicted with the visions of SpaceX and Zubrin, who are dedicated to the settlement on Mars within the next 10 years.  For example, SpaceX published its plans to transport the first crews to Mars, within the 2020s, and to start building a permanent, self-sufficient settlement.[footnoteRef:99]   Interviewee 2 stated [99:  Elon Musk, ‘Making Life Multi-Planetary’, New Space, 6.1. (2018), 1-11, (p. 9).  ] 


I’m hoping it will be like in the next ten years we will start seeing that development.   I think it will happen just based off the direction that it is going, like this is kind of in our blood to keep expanding.  The bigger important part is making sure we do that in a sustainable and compassionate way and we don’t, you know, mess that part up.

Again, this aligns with the EDIWG’s stance that anticolonial considerations must be prioritized in the formation of any future planetary protection policy to resist colonial practices, which is a recurring theme.[footnoteRef:100]  Conversely, interviewee 4 was emphatic that it was not necessary to colonize Mars from a survival standpoint in the foreseeable future [100:  NASA Ames Research Centre, EDIWG] 


I do not believe we need to go to space from a survival standpoint.  I mean, what type of timeframe are we talking about.  So over hundreds or millions of years from now, then yes possibly we will need to colonize other planetary bodies or make massive space stations for survival……... I do see the need for going into space from an exploration standpoint ….. as human beings we are driven to explore.       

Asked whether he believed Musk’s timeframe of colonizing Mars within ten years was too ambitious, interviewee 4 laughed and stated ‘oh yes, yes’ (laughs) adding ‘it’s not realistic if you want to return people safely’. This correlates with Levchenko and others’ view that the journey first colonists undertake would be a ‘one way’ endeavour as they will have no physical means of returning.[footnoteRef:101]  A male participant, aged 18-29, believed that ‘the first colonists would have a hard life and probably live and die on Mars without ever coming home to Earth’, which correlates with Kovic’s view that s-risks suffered would be far worse than humankind going extinct.[footnoteRef:102]  This supports Puumala and others’ conclusion that, given the constraints, the justifications for establishing a permanent Mars settlement in the foreseeable future are weak.[footnoteRef:103]    Interviewee 3 was more ambivalent about the question of colonization assuming it could happen but wasn’t necessary [101:  Levchenko and others, ‘Mars Colonization: Beyond’, p. 4.]  [102:  Kovic, ‘Risks of Space’, p. 15.]  [103:  Puumala, Sivula and Lehto, ‘Moving to Mars’, p.10.] 


In so far as Elon Musk is focussed on it, it could likely happen.   But you know, Elon Musk is very much inspired by Zubrin’s book, the Case for Mars, and it is certainly true in some sense that Mars is like a sexy target.

Survey participants were asked whether they would volunteer to be one of the first people on Mars to build the base for others (figure 15).  


Figure 15.   Frequency of participants’ responses to volunteer to build the base for others on Mars.

As can be seen from figure 15, the results of this study show that only one-fifth of survey participants 20% (n=9) stated they would volunteer to build a base on Mars for others.   This finding is consistent with that of Zubrin’s claim that there would be some people willing to take a chance on being the first people of Mars to build the base for others.[footnoteRef:104]   Interviewee 3 was in agreement with this claim  [104:  Zubrin, ‘Why We Earthlings’ p. 306.] 


One of the things that you encounter all the time when you talk about space advocacy is that there will be a certain subset of the commentators who will say ‘well no one will actually want to go into space’ and then something will come along like Mars One and then hu-hu-huge numbers of people will sign up because there is enormous interest out there.

Conversely, interviewee 2’s response to building a base for others in space was focussed upon building bases on the moon 

I’m very much a moon girl so I want to go to the moon but I think I would go to Mars…. I would have to think about it.  Because going to the moon is like a nice back packing trip and then Mars is like living in the desert.   I’m a big community builder so I want to be there like, especially on the moon, early on ……..   You know there is a great quote from the 1980’s that’s like ‘if god wanted humans to be a spacefaring species, he would have given man a Moon’, ….  well it’s a good thing we have one of those.  

Similarly, interviewee 4 commented

My hope is that we establish a permanent presence on the Moon, with rotating crews, and I believe that will be a key to continuing exploration beyond Earth and the Earth’s Moon, very similar to the way we treat the international space station currently.   

The most compelling result is that the research has revealed a preference for setting up first bases on the moon rather than on Mars.  This accords with NASA’s intention to test their new technologies on the Moon before sending humans to Mars under their Artemis space programme. [footnoteRef:105]   However, interviewee 1 stated that his interest was in large-scale migration [105:  NASA (2024), < https://www.nasa.gov/humans-in-space/humans-to-mars/> [accessed 23.1.24].] 


I’m convinced that we have overshot the carrying capacity of the Earth leading to many environmental and political challenges.  I think one major ethical question, and it’s a mega question is, if we found that having billions of people leave the planet to live in a larger eco-system, would that benefit planet Earth?  If we do the O’Neill community vision which is building these free-standing communities using asteriodal material we can have a very light footprint on Mars and the Moon.  The problem here is that we are going to need to have billions of people living off the Earth to have a positive impact on Earth.

The comment was also reported by Munevar who believed large-scale migration would give humanity more opportunities to improve Earth by moving polluting industries into space.[footnoteRef:106]   Interviewee 3 claimed building artificial settlements that can be orbited around earth or other planets, such as O’Neill’s vision in the 1970s, would be a better alternative than a base on Mars. [106:  Munevar, ‘An Obligation to Colonize’, Elsevier, p. 38.] 


these would be better in terms of human health because like a greenhouse you can precisely tailor it to human needs in terms of gravity.  One of the great problems for humans going to the moon and Mars is the lower gravity since we have evolved in the gravity field of Earth, a lot of things can go wrong in the human body in micro gravity environments.    

This is an important issue for future research.   Further study with a focus on whether the moon or Mars or an O’Neill type settlement would be a better first base for humanity is recommended for future research.      

Space Technology     

The next section of the survey was concerned with space technology for deep space travel.  When survey participants were asked to choose the most important justification for space exploration (figure 11), 16% (n=8) of survey participants chose advances in technology.  


Figure 16.  Frequency of participants’ responses to the most important justification for exploring space

[bookmark: _Hlk158563786]Interviewee 4 expressed concerns about the available space technology available for deep space travel

It’s interesting that if you look at the things which are reachable to us with today’s compulsive technology …..  there is a speed limit in the universe so that limits …. you know, where we can get within certain timeframes……   Because of this speed limit distant galaxies are impossible for us to reach, impossible.   

[bookmark: _Hlk158563800]This finding is consistent with Smith and others who stated that colonization of even Mars, with present technology, would be an ethically suspect experiment.[footnoteRef:107]   There is a possibility the situation will improve in the longer term with the development of advanced space technology by NASA and SpaceX amongst others.   Similarly, this observation supports the hypothesis that the Kardashev scale denotes that Earth has not yet advanced to a type 1 civilization, to enable humanity to progress to a space-faring species. [footnoteRef:108]  Survey participants were asked whether they thought that the Fermi Paradox, the consequence of the Great Filter, explains why humanity has never encountered any extraterrestrial in our solar system (figure 17).   [107:  Smith and others, ‘The Great Colonization’, p. 13.]  [108:  Nikolai Kardashev, Transformation of Information by Extra-terrestrial Civilizations, 1968.] 


Figure 17.  Frequency of participants’ responses as to whether the Fermi Paradox explain why humanity has never encountered any intelligent life.

The table shows that 29% (n=13) of respondents were unfamiliar with the Fermi Paradox concept.  Interviewee 2 confessed that whilst she didn’t think there is intelligent life in our solar system, she believed ‘there is life out in the Universe somewhere…. just probability-wise but it could be that, like us, they are figuring things out’.  These comments corroborate the concept that there is some kind of difficult step in the evolution of life which precludes it from becoming interstellar.  Thus, whilst we are not there yet, significant progress has been made by both NASA and private entrepreneurs in developing the necessary technologies required for trips to Mars.   However, interviewee 3 raised issues regarding the current technology used on commercial suborbital flights.   

the technology on suborbital trips are not as established as, you know, the various shuttles that go between the ISS and Earth.  But you know, I assume that SpaceX’s Starship is going to be tested and tested until it is safe.  I personally have corresponded with people who think it’s a disaster waiting to happen (laughs) so there are a lot of nay-sayers out there.

These comments may have been more persuasive had successful suborbital spaceflights not taken place.   It may be that interviewee 3 relies too heavily to the negative criticism he has heard about suborbital flights.    On the negativity surrounding suborbital spaceflights amongst the space community, interviewee 2 commented

that is one of my pet hates.   Like space people they are like really downplaying suborbital, it’s like if it’s not orbital then it’s not worth it.  I don’t know why people are so against suborbital other than they just need to feel righteous.

Interviewee 4, who works for a company making extra-vehicular activity spacesuits for NATO raised some safety issues with suborbital flights.  Interviewee 4 commented that ‘occupants on suborbital flights were only wearing coveralls and there is no protectiveness in those garments’.   When asked to expand further, interviewee 4 added

Above 62,000 feet roughly humans cannot survive without a full pressured garment.  So even with a poser oxygen mask, above 62,000 feet you die in short order.  

It could be argued that suborbital spaceflights do not travel above 62,000 miles.  But, interviewee 4 explained that 

the Federation Astronomy Association (FAA) administration requires suborbital oxygen masks on all commercial airlines but those flights generally fly below 40,000 feet.  So it’s a bit of a strange thing that is going on with those suborbital flights, as the FAA has no requirement for pressured garments, which means the occupants would not survive a cabin depressurisation. 

This suggests that the safety regulations on suborbital flights are not as rigorous as commercial airlines. Interviewees were asked if offered the opportunity of going to space whether they would go on a suborbital flight?  Interviewee 4 commented ‘I’m not interested at all in suborbital flights but would be interested in a trip to the moon’.  Conversely, interviewee 2’s response was very enthusiastic ‘Oh yeah hands down no matter what.  However, I can get to space, I will do it.’  

Despite the misgivings amongst some members of the space community regarding the technology on suborbital flights, suborbital flights have nevertheless proven to be a technological accomplishment.  

Overview effect    

The third question examined whether space exploration would allow humanity a better understanding of the cosmos and humanity’s relationship to it.  With regard to viewing the Earth from space, interviewee 3 commented 

You may be familiar with some of those quotes from various astronauts, saying things like, we went into space to see the Moon but what we really saw was Earth.

These comments are consistent with the ‘overview effect’, a cognitive shift by some astronauts when viewing the Earth from space.   Similarly, the iconic photographs of Earthrise and the Pale Blue Dot signalled a deep philosophical change in how humans looked at their home planet.   Interviewee 1, the author of the overview effect was also one of the interviewees in this study, and he explained the original inspiration for the overview effect: 

I was involved with O’Neill’s work in the 1970’s and he imagined free standing space communities essentially the distance from the Earth as the Moon is, and I had the insight that they would always see the Earth as a whole system, they would always have an overview of it.  I started interviewing astronauts, who confirmed a lot of the hypothesis of the overview effect and realised that it was a shock to them to see the Earth this way.  

This feedback accorded with interviewee 2’s experience when listening to astronauts try to speak about their own experiences
 
I have listened to a lot of astronauts talk and the way they talk is that they cannot explain what happens up there.   Chris Boishauser who went up with Blue Origin said that he came down and tried to talk to two astronauts about it and they were like ‘yeah, man, we can’t figure out the words either’ ….. like ‘we just cannot explain what’s going on’.   

These comments are indicative of the cognitive shift that astronauts tend to experience when viewing Earth from space.    Interviewee 1 believes that the overview effect can also have a big impact on people taking suborbital flights if they are open to it

William Shatner is a great example.  He did the suborbital experience and clearly it had a dramatic impact on him.   I have now interviewed one, two three …. I have now interviewed four people who have had the suborbital experience on Blue Origin.  It had a big impact on all of them.   

Next, survey participants were asked whether they thought that space exploration would allow humanity a better understanding of the cosmos (figure 18).

Figure 18.  Frequency of participants’ responses that space exploration would allow humanity a better understanding of the cosmos and their relationship to it.

The results in figure 19 revealed that 86% (n=37) of the participants thought that space exploration would allow humanity a better understanding of the cosmos and our relationship to it.  Many survey participants expectedly emphasised words, such as ‘insignificant’, ‘small’ and ‘humbling’ to describe Earth’s relationship to the rest of the universe.  Interviewee 4 chose to use a billiard ball analogy to put into perspective how insignificant the planet Earth appeared in the black vastness of the universe

We look at the Himalayas and think those are huge mountains but when viewed from space the planet is incredibly smooth.   So a comparison is that if you look at a billiard ball under a microscope …..if that was the scale of the earth, the surface and imperfections on that billiard ball are bigger than the mountain ranges on Earth.   

The billiard ball imagery helps put into perspective the insignificance of Earth when viewed from space. Next, interviewees were asked in what ways did they think that space exploration would give people a better understanding of their place in the universe.   Interviewee 4 talked about the vulnerability of the Earth

once you have travelled to space you do get a more acute view  – there is that phenomena they call the thin blue line and once you are far away from the planet you realise just how thin our atmosphere is.  

Viewing the Earth from space and seeing the protective blue line is said to emphasise Earth’s vulnerability.   This correlates with Bezos’ comments after his trip with Blue Origin.  After seeing the thin blue line, Bezos stated ‘it's one thing to recognize that intellectually, it’s another thing to see with your own eyes how fragile it is’.[footnoteRef:109]  This confirms that space exploration can allow humanity a better understanding of their relationship to the cosmos. [109:  Samantha Masunaga and Andrew Mendez, ‘Jeff Bezos Returns to Earth After Suborbital Space Trip on Blue Origin’s New Shepherd’, The Los Angeles Times (online), 20 July 2021, p. 1.] 


The survey participants commented about the division and polarisation between people on Earth and how seeing the effect of Earth from space could make people less nationalistic.   A male participant, aged 30-40, suggested that ‘if people could see how small and fragile we are, it could end wars.’   Similarly, interviewee 4 had this to say 

	When people have spent significant amounts of time in space, they  
come to realise that the Earth is just a giant spacecraft and that we are in this together and things like national borders become less meaningful.

A metaphor has been used in the study to describe the Earth.   For example, astronauts had used the metaphor ‘mother’ to highlight how the Earth nourishes humans.   Interviewee 1 had the following to say regarding the Earth mother

Space exploration is not about abandoning Earth but about appreciating Earth more fully.  It has helped us see how we are scarring Pachamama, the Earth Mother, and how fragile she is.   It’s also shown us how quickly ‘she’ can regenerate when we correct our path.


[bookmark: _Hlk149991016]The ‘mother’ metaphor also accords with a reference to the words of the astronaut Russell Schweickart, who stated in White, that ‘I viewed my ‘mother’ differently when I was in the womb than I did after birth’. [footnoteRef:110]   This reinforces that Schweickart’s experience was clearly profound and is typical generally of the comments made by astronauts generally when they have returned to Earth after viewing the overview effect from space.  The metaphor allows understanding of the feelings that cannot be directly understood which accords with White’s words that it is a rebirth of a very changed person with a more complete perspective.[footnoteRef:111]  Astronauts’ experiences of viewing the Earth from space would seem to confirm that space exploration allows humanity a better understanding of the cosmos and humanity’s relationship to it.  Similarly, the images of Earthrise and Pale Blue Dot had a philosophical impact, as people came to appreciate that humanity live on a fragile planet which needed love and sustenance to prosper.    [110:  White, Overview Effect, p. 86]  [111:  White, Overview Effect, p. 6.] 


CHAPTER 5 - CONCLUSION AND RECOMMENDATIONS 

This chapter is represented as follows  
· Purpose of the study
· Summary of findings  
· Implications of the study 
· Summary  
· Recommendations for future research


Purpose of the study

The objectives of this study was to undertake ‘An Examination of the Space Ethics Arising From Space Exploration’.  As space ethics involves new, evolving, dynamic and complex phenomena, this study chose a mixed methods research to gain more comprehensive social phenomena.  The findings from this study adds to the rapidly expanding field of space ethics.  The three research questions that guided the study examined

i)  	What are the space ethics around humans travelling in and around space?
ii)  	How is space exploration justified?
iii)  	Would space exploration allow humanity a different understanding of the 
cosmos and humanity’s relationship to it?

Summary of findings

i)   The first research question examined the space ethics around humans travelling in 
and around space.  With the onset of commercial space travel in the lower Earth orbit, misgivings were raised by the survey participants regarding the pollution and space junk created in the lower Earth orbit by suborbital flights.  Impey highlighted that with the increasingly high level of space debris orbiting the Earth, there were risks of collisions.[footnoteRef:112]   Consequently, with the rise of space tourism, the Earth’s atmosphere could become negatively affected.  Additionally, the study highlighted similar concerns with the interest in outer deep space within the private sector.   The results of this study identified concerns that anti-colonial practices may become commonplace if colonization goes ahead and that, furthermore, ethical considerations will not be prioritized towards.   Thus, challenges around terraforming Mars and the intrinsic value of microbial life were identified as extremely contentious issues.   Whilst documents such as the OST and COSPAR’s Planetary Protection Policy address some of the above concerns, they lack enforcement mechanisms and are not binding.   As stated in chapter 2, Nesvold raised the hope that humanity can learn from their destructive past and avoid causing environmental damage and extinctions in space.[footnoteRef:113]   This can be illustrated by Kovic’s attitude.  Kovic’s argument was that since microbial life are non-sentient there are no utilitarian considerations of well-being to be considered.[footnoteRef:114]  Stoner’s tread lightly principle, on the other hand, held that humans should avoid invasive methods such as terraforming Mars as intelligent life should be given the chance to develop.[footnoteRef:115]  Interviewees provided a deeper insight into their hope that future space people would act in a respectful way towards other planets.  For their part, SpaceX had published their plans to start building a permanent, self-sufficient settlement within the 2020’s.[footnoteRef:116]  The research highlighted the complexity of space ethics when making ethical decisions about how people should behave when travelling in and around outer space.      [112:  Impey, ‘Unbound: Ethics, Law’, p. 7.]  [113:  Nesvold, Off-Earth, Ethical Questions, p. 23.]  [114:  Kovic, ‘Risks of Space Colonization’, p. 15.]  [115:  Stoner, ‘Humans Should Not’, p. 350.]  [116:  Musk, ‘Making Life Multi-Planetary’, p. 9.  ] 


ii)  	The aim of the second research question was to examine the justifications for space exploration.  This study found that one of the principal arguments in favour of space settlement was for the survival of the human species in the event of an existential risk.  In chapter 2, Bostrom defined an existential risk as one where ‘an adverse outcome would annihilate Earth-originating intelligent life or drastically curtail its potential’[footnoteRef:117]   Thus, moving a population on the Moon or Mars would act as a back-up for any eventual catastrophe.   The findings from the quantitative study revealed that three-quarters of survey respondents believed it to be morally justifiable to colonize Mars to safeguard humanity’s future, with one-fifth of respondents stating they would volunteer to set up base for the first colonists.  It emerged from the findings that few respondents believed that colonization would happen within the foreseeable future, contrasting with SpaceX’s ambition to establish a permanent human settlement on Mars within the next decade.  The scepticism around the advances in the available technology to settle space at present will be examined in the ‘Implications of the Study’ chapter.  The study did raise a moral question as to whether it would be ethical to send people to live on Mars given the harsh environment in the near-to-medium term.  Kovic, in chapter 2, warned that moving humans off planet to another planet could cause s-risks, which would be far worse than humankind going extinct.[footnoteRef:118]  Thus, space settlement could create s-risks, whose potential harm could overshadow all the benefits of humankind’s long-term future.  Whilst it was noted that utilitarianism might favour risking the lives of a group of people to save humanity in the long term, Green argued that utilitarianism is a difficult approach to ethics when the future is unpredictable like space settlement.[footnoteRef:119]   This underlines that informed decisions cannot be made in unknown territories such as outer space.   A person’s stance on whether space settlement is justified likely reflects their underlying beliefs and values. [117:  Bostrom, ‘Existential Risk Prevention’, p. 17.]  [118:  Kovic, ‘Risks of Space’, p.16.]  [119:  Green, Space Ethics, p. 47.] 


iii)  The third research question set out to examine whether space exploration would allow humanity a different understanding of the cosmos and humanity’s relationship to it.  The study showed that the Earthrise and Pale Blue Dot images, had highlighted both the Earth’s fragility and insignificance in the universe, and was said to have signalled a deep understanding of how humans looked at their home planet.  Similarly, the study showed that the ‘overview effect’ became quintessential for explaining the psychological effects and change in astronauts’ perspective when viewing Earth from space.  This was evidenced from accounts by astronauts interviewed by Frank White, the author of the Overview Effect.  The relevance of the overview effect is clearly supported by White’s findings as astronauts had described overwhelming emotion and feelings of identification with humankind and Earth.   As one of the interviewees in this study, White’s contribution to this research provided a deeper understanding of the overview effect.  The findings found that White’s epiphany for the Overview Effect came about whilst thinking about people in the future living permanently in O’Neill communities and what it would be like for them to have an overview of the Earth every day.  The results of this investigation show that travelling beyond the biosphere alters how humanity views their relationship to Earth and their place in the universe.  However, it is unclear how much these psychological effects of space will affect future human communities and whether the new perspectives provided by long-term, long distance space travel shift human societies away from environmental exploitation.

Implications of the study

The implications derived from this study focus on real-world applications.

i)  Technological and safety implications: The study has raised important questions 
about the nature of safety regulations on suborbital flights which are not as stringent as commercial airlines.  Interviewee 4 had raised concerns that there was no FAA requirement for oxygen masks on suborbital flights which fly up to 62,000 feet.  As a comparison, the FAA requires oxygen masks on commercial flights which generally fly below 40,000 feet.  Interviewee 4 also explained that there was no protectiveness in the coveralls that occupants on suborbital flights wear, which signified that without a full pressured garment, occupants could not survive a cabin depressurisation.  The technological and safety implications are that the space tourism industry does not have government safety regulations in place putting both crew and occupants at a higher risk during an emergency.
 
ii)  Ethical and political implications: The study highlighted that international space policy as it stands is insufficient and not enforceable and does not reflect the new space era.  A major ethical challenge was the protection of the space environment, including issues pertaining to the terraforming of Mars and people’s interaction with microorganisms.   For example, the COSPAR policy, which is linked to Article IX of the OST and its provision, calling for the avoidance of ‘harmful contamination’ of the Moon and other celestial bodies, has no mandate.   The ethical and political implications are that planets could be open to exploitation and that anti-colonial practices may become commonplace.  A planetary protection policy determining which activities should be permitted and what limits, if any, should be placed on space activities. 

iii) Technological implications: Both the literature and the interviewees in the study 
suggested that colonization overlooks the enormous practical challenges to space settlement.   For example, Smith and others stated that colonization of Mars, with present technology, would be an ethically suspect experiment.[footnoteRef:120]  Puumala and others also raised additional challenges in terms of the lack of life support supplies (oxygen, water, food) on Mars.[footnoteRef:121]  Furthermore, interviewee 4 stated that with today’s technology a two-way trip is not possible. The implication is that humanity are not ready to settle Mars technologically.   To this end, NASA is currently advancing many technologies to send astronauts to Mars in the 2030’s. [footnoteRef:122]   The technological implication is that the technology to settle space is still at the development stages, particularly with regards to return trips.  However, it was noted that NASA’s timeline contrasts with the ambitions of private entrepreneurs who plan to settle Mars in the 2020’s.      [120:  ]  [121:  ]  [122:  NASA (2024), < https://www.nasa.gov/humans-in-space/humans-to-mars/> [accessed 23.1.24].] 


Recommendations

The following recommendations are from where the study had identified gaps in existing policy.

· A key policy priority should be to implement a regulatory requirement for suborbital flights which would enhance the safety of both crew and occupants.    

· An updated OST that reflects the current era of spaceflight, and one that enforces how people should behave in space, is urgently required.

· Ethical considerations should be prioritized in the formation of a planetary protection policy, with anticolonial practices a central issue focussing on how people should behave in space and towards indigenous lifeforms.        

Recommendations for future research

The following are recommendations for future research which stem directly from this research study. 

· The investigation revealed that Mars was a harsh environment and currently not self-sustainable for humans.  The study found that interviewees from the space community were more in favour of establishing a permanent presence on the Moon with rotating crews, acting as a stepping stone to other planets.   Alternatively, free-standing O’Neill communities using asteroidal material were seen as better in terms of human health because the gravity could be tailored to human needs.   Further research should be undertaken to investigate whether the Moon, Mars or an off-planet community would be a better first base for humanity.

· The study highlighted a major debate centring on where to draw the line between things which have intrinsic value and those that do not.  Interviewees from the space community were in consensus that future space people needed to abide by strict moral codes when encountering microorganisms.   This stance is in contention with the more anthropocentric views of private space companies whose ambitions are to terraform Mars which would kill any existing microorganisms.    Kovic’s view was that eradicating Martian microbes would represent an existential damage.[footnoteRef:123]  Smith argued that, in certain circumstances, human interests should overbalance those of Martian microbes.[footnoteRef:124]   Further research could be undertaken to explore in what circumstances should human interests overbalance those of Martian microbes. [123:  Kovic, ‘Risks of Space’, p.5.]  [124:  Smith, ‘The Curious Case’, p. 197.] 



Summary
The contributions from the interviewees within the space community allowed this study an in-depth and innate grasp of the space ethics around people travelling in and around space, which is a new, fast developing and unfamiliar culture. The interviewees were all immersed in the space environment to varying extents and had access to more authentic information that it would not have been possible to find out from a quantitative study alone.  The aim of this study was to examine the space ethics arising from space exploration.   In doing so, it was apparent that space ethics is a fluctuating discipline which is constantly evolving.   As the world enters an era of private industry-led space exploration, this study has highlighted that, if humanity is to succeed in space, our space ethics must evolve which includes thinking clearly about what activities should be permitted and which activities should be prohibited in space.  
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If offered the opportunity to go on a suborbital flight, what would be the deciding factor?
(45 participants)

Percentage	
(6) Wouldn't go on a suborbital trip	(5) Thrill seeking experience	(4) Experience weighlessness	(3) To witness the overview effect	(2) Deep spiritual experience	(1) Curiosity	24	2	4	22	13	33	Count 	
(6) Wouldn't go on a suborbital trip	(5) Thrill seeking experience	(4) Experience weighlessness	(3) To witness the overview effect	(2) Deep spiritual experience	(1) Curiosity	11	1	2	10	6	15	



How concerned are you with the space debris and high level pollution that space exploration creates?
(45 respondents)

Number (n)	
Indifferent	Slightly indifferent	Undecided	Slightly anxious	Very anxious	6	11	11	6	11	Percentages (%)	
Indifferent	Slightly indifferent	Undecided	Slightly anxious	Very anxious	13	24	24	13	24	



Do you think that resource extraction and mining in outer space is a fundamental part of space exploration
43 participants

Count 	
Yes	No	I don't know	24	11	8	Percentages	
Yes	No	I don't know	57	26	17	




Would terraforming Mars be morally acceptable if it was found that Mars has Martian microbes
(44 participants)

Count 	
Yes	No	I don't know	12	29	3	Percentages	
Yes	No	I don't know	27	66	7	




Do you think that if settlement on Mars is the only way to preserve humanity's future, then it is morally justified?
(45 respondents)

Number (n)	Yes, it is worth the risk if consequences show this is the only way to safeguard humanity's future	No, in fact humanity has a duty to allow our own extinction	No, it would not be virtuous to risk the lives of humans	34	4	7	Percentage (%)	Yes, it is worth the risk if consequences show this is the only way to safeguard humanity's future	No, in fact humanity has a duty to allow our own extinction	No, it would not be virtuous to risk the lives of humans	76	9	16	



Elon Musk wants to colonize Mars to save humanity?  How soon do you think this might likely happen?
(45 respondents)

Number (n)	Within 10 years	Within 50 years	Within 100 years	Over 100 years	It will never happen	2	13	19	4	4	Percentage (%)	Within 10 years	Within 50 years	Within 100 years	Over 100 years	It will never happen	4	29	42	9	9	



If given the opportunity would you volunteer to be one of the first people on Mars to build the base for others?
(45 respondents)

Number (n)	Yes	No  	I don't know	9	29	7	Percentage (%)	Yes	No  	I don't know	20	64	16	



Most Important Justification for Exploring Space
45 participants

Percentage	
(7) Humans should not explore space	(6) Understanding humanity's place in the universe	(5) Advances in Technology	(4) Provides humanity with hope for the future	(3) Inspires humankind to take care of earth	(2) Access to new minerals and precious metals	(1) Discovering the unknown	2	35	16	20	4	5	18	Count 	
(7) Humans should not explore space	(6) Understanding humanity's place in the universe	(5) Advances in Technology	(4) Provides humanity with hope for the future	(3) Inspires humankind to take care of earth	(2) Access to new minerals and precious metals	(1) Discovering the unknown	1	17	8	10	2	3	9	



Do you think that the Fermi Paradox explains why humanity has never encountered any extraterrestrial intelligent life?
(45 respondents)

Male (%)	Yes	No	What is the Fermi Paradox	22	31	9	Female (%)	Yes	No	What is the Fermi Paradox	33	13	20	




Do you think that space exploration would allow humanity a better understanding of the cosmos and our relationship to it?  
(43 participants)

Counts	
Yes	No	I don't know	37	2	4	Percentages	
Yes	No	I don't know	86	5	9	
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