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Abstract 

 

With the recent launch of multiple robotic missions to Mars and developing plans for 

human exploration of the Red Planet, the search for life in our solar system is at a crucial 

juncture. Astrobiology research could answer profound scientific and philosophical questions, 

but might also pose serious risks to science, society and extraterrestrial life via the harmful 

contamination of Earth and other celestial bodies. Because achieving zero risk of contamination 

and perfect protection for interplanetary missions is impossible, as long as exploration continues, 

decisions will have to be made on what constitutes an acceptable level of risk. How might 

scientific and bioethical priorities be balanced against engineering and funding limitations? Who 

will make these decisions? As the designers and practitioners of astrobiology research, 

astrobiologists will be key stakeholders—and potentially decisionmakers—in the search for life 

beyond Earth. Therefore elucidating the priorities, values, and assumptions that shape 

astrobiologists’ stances on ethical interactions with extraterrestrial life and environments is 

valuable not only as a case study in the responsibility of scientists, but as a starting point to 

increase understanding between stakeholder communities. Furthermore, policies and guidelines 

governing human interactions with life and environments beyond Earth will be implicitly if not 

explicitly shaped by scientists’ ethical frameworks and sense of responsibility, especially 

considering patterns of bottom-up agenda-setting and decision-making in the astrobiology field. 

This exploratory study therefore answers the question: What responsibilities and ethical 

commitments do astrobiologists recognize and prioritize as they search for life in our solar 

system? This was examined through semi-structured interviews with twenty-one US-based 

scientists whose research applies to the search for life beyond Earth. Responses were analyzed 

using thematic, inductive coding and exploratory text analysis. Results showed that participants 

privileged the risk of forward contamination over back contamination; were committed to 

protecting and preserving extraterrestrial life (including microbial life) and environments; and 

perceived of their responsibility primarily as a commitment to advance and protect science itself 

and to make science more inclusive and accessible to non-scientists via public outreach, rather 

than as a responsibility for the potential biological or sociocultural impacts of discovery. 

Participants’ views on ethics and on responsibility to science, to extraterrestrial ecosystems and 

to society were heavily informed by their personal concerns beyond the context of astrobiology 

as shaped by broader social and cultural context, especially: the present challenges of climate 

change and environmental degradation on Earth; the history of colonial exploration and 

exploitation; a growing lack of trust in science and expertise; and a scientist’s disciplinary 

background and work experiences. Boundary-making and division of labor between ‘scientific’ 

and ‘non-scientific’ social and ethical issues, in addition to the enormous uncertainties inherent 

to astrobiology research, also shaped astrobiologists’ views on the ethics of interacting with 

extraterrestrial life and environments and on their social responsibilities. On the basis of my 

findings, I conclude that astrobiologists would require training and institutional support in order 

to take greater responsibility for social and ethical issues, including replicating the experiences of 

Earth analogue field researchers and healing the science-society relationship. I also recommend 

that the basis of planetary protection should be updated to include the value and preservation of 

extraterrestrial life and environments, and that ethical guidelines and their consequent practical 

courses of action for discovery and interaction with extraterrestrial ecosystems be developed as 

soon as possible in consultation with all stakeholder communities. 
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“I can think of nothing so positively transforming of human consciousness as the discovery, 

study, and conservation of life somewhere off earth.” 

 

—J. Baird Callicott1 

 

 

 

 

 

 

 

“No scientist can hope to evaluate what his studies, his researches, his experiments may in the 

end produce for his fellow men, except in one respect—if they are sound, they will produce 

knowledge.” 

 

—J. Robert Oppenheimer 

 

  

 
1 Callicott, J. Baird. 1986. “Moral Considerability and Extraterrestrial Life,” quoted in Eugene C. 

Hardgrove (ed.), Beyond Spaceship Earth: Environmental Ethics and the Solar System. San Francisco, 

CA: Sierra Club Books, 252. 
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INTRODUCTION 

 

In 2013, the World Economic Forum’s Risk Response Network, in collaboration with the 

science journal Nature, named five “X Factors from Nature” that pose grave and unpredictable 

risks to humanity. (Howell 2013:58–59). Alongside climate change, human cognitive 

enhancement, and the rogue deployment of geoengineering, the forum identified the potential 

discovery of extraterrestrial life as a major emerging concern. Although searching for our 

galactic neighbors may seem like a futuristic endeavor, scientists from disciplines as diverse as 

radio astronomy, planetary geology and computer science have been working toward such a 

discovery since the late 1950s, searching for signs of life and intelligence beyond Earth and 

investigating the origins and distribution of life in the universe. But recent developments in 

astrobiology call for increased scrutiny; the potential (though highly uncertain and heavily 

contested) detection of atmospheric biosignatures on Venus in September 20202 and the arrival 

of three spacecraft in Mars orbit earlier this year3—one of which will help return Martian 

samples to Earth for the very first time—intensify the need to prepare for a discovery of 

extraterrestrial life and for potential consequences of astrobiology research, especially via sample 

return missions.  

The stakes are high. Although the search for life in our solar system promises valuable 

scientific knowledge and other potential benefits, the ethical concerns and potential dangers 

associated with finding extraterrestrial life are many and varied. Discovering and even searching 

for life and intelligence beyond Earth could transform our understanding of biology and the 

origins and distribution of life in the universe; reorient the human perspective beyond ourselves, 

our planet and the near future; unite our species; provide practical benefits in the form of new 

biomedically or industrially useful compounds; or even revolutionize environmental ethics and 

conservation (Chon-Torres 2018; Dick 2018:75; Hays 2015; Helmreich 2012; Race 2013; 

Randolph and McKay 2014; Stoeger 2013). However, this research also has the potential to 

modify life’s evolutionary trajectory on our planet and elsewhere and to radically change 

humanity’s views of religion, philosophy, society and self (Dick 2018; Hays 2015; Helmreich 

2012; Race 2013; Tarter 2013). Multiple historical scenarios where humans thought we had 

discovered life—most famously with Orson Welles’ 1938 radio broadcast of War of the Worlds, 

which caused panic in the United States, and most recently with claims of fossilized Martian life 

in an Antarctic meteorite—and historical analogies to discovery such as the Copernican 

revolution and the discovery of microbes on Earth (or, in some views, the European Age of 

Exploration) offer clues about the potential societal and worldview-shifting impacts of discovery. 

And, while theological reactions to the discovery of alien life would not necessarily be negative, 

some religions have already considered that they would be forced to “rethink some of [their] 

central dogmas” (Dick 2018:222). Sociologist Melinda Cooper (2007) goes so far as to warn that 

confronting new extremes of life could enable capitalism to surpass its ecological limits, creating 

“new fantasies of endless frontiers of surplus” (Cooper 2007; Helmreich 2012:1153). And 

planetary cross-contamination via interplanetary exchanges of spacecraft and organic materials 

might threaten terrestrial and extraterrestrial ecosystems and environments (Cleland and Wilson 

2013; Helmreich 2011, 2012) at the same time that the SARS-CoV-2 pandemic raises serious 

 
2 (Greaves et al. 2020; Witze 2021) 
3 NASA’s Perseverance rover, the United Arab Emirates’ Hope Mars mission, and China’s Tianwen-1 

have all travelled from Earth to Mars orbit since their launch in the summer of 2020. Perseverance has 

already landed on the surface, and Tianwen-1 plans to do so in May or June. 
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questions about humanity’s ability to manage the spread of pathogens.4 Thus, our response to the 

discovery of life beyond Earth will have serious repercussions for current and future generations 

on Earth and potentially for extraterrestrial life itself (Dick 2018:302). In the words of Steven J. 

Dick, former NASA Chief Historian: “Meeting the alien will be an experience we cannot afford 

to mismanage. In so many ways and more than ever, failure is not an option” (Dick 2018:302).  

Who will be responsible for managing that experience? Who is responsible for preparing 

for discovery today? For considering and mitigating possible negative impacts? Are these 

questions the purview of international institutions, national governments, scientists, ethicists, 

theologians, or all of the above (Dick 2018:270)? These questions remain unanswered. Although 

astrobiology research has the potential to generate some of our greatest opportunities and some 

of our greatest existential threats, national and international regulations governing the search for 

and discovery of extraterrestrial life, and even codes of conduct within the scientific community, 

are severely lacking. Neither the international Committee on Space Research (COSPAR) or 

NASA have issued official policies or recommendations to regulate the discovery of microbial 

extraterrestrial life (Race 2013); beyond planetary protection’s prescription to avoid harmful 

contamination of the Earth and other celestial bodies, no policies exist prescribing or prohibiting 

a course of action in the event of actual detection. In other words, although planetary protection 

policies instruct us how to safely explore other planets, they do not address what to do should life 

be detected. Steven Dick writes that “we are today still at step one when it comes to policy for 

actual discovery. Despite the real possibility of discovering microbial life in the near future, there 

are no written policies or protocols, with the exception of contamination protocols for a Mars 

sample return” (Dick 2018:277–78). In this unregulated, unplanned context, astrobiology 

researchers have a unique opportunity and perhaps responsibility to make critical decisions for 

our species, our planet, and other biospheres. 

This seems especially likely given the legacy of bottom-up agenda-setting and decision-

making in astrobiology. Because governments, at least at the executive or legislative levels, have 

not dedicated sustained or substantial attention to the potential impacts of extraterrestrial life, 

“the contemplation and development of strategies, policies, and protocols has thus far come 

largely under the purview of science organizations” (Dick 2018:271). Trickle-up rather than top-

down processes have also guided the creation of astrobiology science policies, roadmaps and 

strategies over the past twenty years; NASA’s 1999 astrobiology roadmap strategy, which 

guided the actions of the astrobiology office at NASA Headquarters and the many scientists who 

receive funding from NASA astrobiology grants and which was implemented by the NASA 

Astrobiology Institute, was developed by 150 scientists (Dick 2018:271–72). Roughly 800 

members of the astrobiology community contributed to the creation of NASA’s most recent 2015 

Astrobiology Strategy via white papers, webinars, and meetings, and the first European 

astrobiology science roadmap, published in 2016, was developed in a similarly decentralized 

manner (Dick 2018:271–72). Even planetary protection originated in a bottom-up process, when 

Nobel Prize-winning scientist Joshua Lederberg raised concerns in 1957 (when astrobiology had 

not yet emerged from exobiology) to the National Academy of Sciences, sparking eventual 

action at the international level (Dick 2018:276). The bottom-up tradition of astrobiology 

priority-setting and policy-making centers researchers as key participants, and potentially 

decisionmakers, in the practical and ethical dilemmas presented by astrobiology research and 

discovery. Therefore, although astrobiologists are by no means the only relevant stakeholder 

 
4 Scientist and science fiction author David Brin has called attention to additional risks such as disease, 

“infectious information,” and life-destroying probes. 
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community (“there is now considerable consensus that the problem of the impact of discovering 

life in any form…should not be left to scientists alone” (Dick 2018:274)), their views on and 

understandings of these subjects are potentially consequential to the biological security of Earth 

and other planets.5 

Currently, no clear consensus exists among astrobiologists on whether their 

responsibilities are limited to performing what they consider unbiased research or whether they 

also encompass the potential ethical implications of that research (Denning et al. 2019), nor on 

the appropriate and ethical treatment of extraterrestrial life. While some astrobiologists call for 

the relaxation of policies that limit the exchange of organics between planetary bodies or scorn 

the idea of ‘rights’ for life and environments beyond Earth (Battaglia 2015; Zubrin 2020), other 

scientists advocate for strengthened regulations and an increased focus on ethics, open to the 

possibility (or even wholeheartedly convinced) of extraterrestrial entities’ moral worth and 

agency (DiGregorio 2001; Tavares et al. 2020; Vidaurri et al. 2020). “These different views offer 

stark ethical choices for practical problems involving microbes. They are choices that will not go 

away… In the end it comes down to very large questions for humanity’s relationship to space: do 

we assert hands off, play a more active role to extend and diversify life, or exploit outer space? It 

depends on which of the theories of moral status we choose” (Dick 2018:259–260). 

Whether implicitly or explicitly, determining the moral status of extraterrestrial 

organisms and our responsibilities to them will be the first, crucial step in deciding on a course of 

action in any detection scenario (whether scientists detect biosignatures in the atmospheres of 

far-away planets, or whether the next Mars rover returns a living sample to NASA’s doorstep).6 

For example, applying a biocentric ethic that recognizes intrinsic value in all life might confer 

rights and greater protections for microbes compared to a framework based on, say, an 

anthropocentric ethic that values reason or sentience (Dick 2018:278). Policies are based not 

only on goals, but on values and ethics, and in astrobiology, policy and law will be “informed by 

astroethical principles” (Dick 2018:295). 

Recent years have seen a growing recognition of the importance of social impacts and 

ethics in science; the Human Genome Project’s Ethical, Legal and Social Implications (ELSI) 

 
5 Scientists’ assessment and framing of risks and benefits can influence the technologies they develop and 

knowledge they produce; the direction of future research, regulations and policies; and how the media 

presents their research and the risks it may pose (Johansson and Boholm 2017; Powell 2007). It is 

especially important to characterize researchers’ views on the risks and benefits of their work and their 

social responsibility for emerging technologies; not only can disagreement on “the full range of risks and 

benefits” make it more difficult to regulate new technologies quickly and appropriately, but, as “the most 

likely group to have educated and informed opinions about the future needs” of regulation, scientists are 

often consulted in the policy development process for emerging technologies with high uncertainty 

(Corley, Kim, and Scheufele 2016; Kim, Corley, and Scheufele 2012). Furthermore, consultation, 

collaboration, and mutual understanding between various stakeholder communities (such as federal 

government agencies, scientific research communities, the private sector, international partners, and the 

public) will aid in developing regulations and guidelines that are widely accepted as well as effective.  
6 Steven Dick distinguishes between four astrobiological discovery scenarios (Dick 2018:47). One type of 

discovery would occur through the accidental contamination of the Earth via sample return or astronaut 

return, or through the natural interplanetary transfer of organic matter (for example, via asteroid an 

asteroid that landed on Earth in the past or will land in the future). The human exploration of other 

planets, moons, asteroids, etc. could also lead to the discovery of life, as could their robotic exploration or 

the remote detection of biosignatures. Finally, we might discover a “shadow biosphere” on Earth, i.e., 

alien microbes that have been living here unbeknownst to humans for some period of time.  
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Research Program has received 3% of the overall project’s $3 billion budget (or $90 million); the 

UC Santa Barbara-based Center for Nanotechnology in Society, launched by the National 

Science Foundation in 2006, investigates nanotechnologies’ societal implications, economic and 

policy impacts, and health and environmental risks and risk perception; and programs are now 

taking off in the United States and Europe focused on the societal impacts and ethical 

implications of artificial intelligence research (Dick 2018:6). Thus the lack of attention to ethics 

and responsibility in astrobiology presents an anomaly, and may be more indicative of neglect 

than of an aversion to incorporating social and ethical issues into science generally.   

Detection of or contact with life beyond Earth will immediately pose the question of how 

to react to and how to interact with extraterrestrial life, raising both practical and ethical issues; 

“formal post-detection protocols for single-celled organisms as well as for advanced 

technological civilizations” must be developed as soon as possible (Dick 2018:269; NASA Ames 

Research Center 1999). Empirical study of the scientific community directly involved in creating 

and communicating the information, ethics and norms surrounding the search for life beyond 

Earth is the first step toward defining, understanding, and potentially regulating ethics and social 

responsibility in astrobiology (Race 2013; Wyndham et al. 2015). This exploratory study 

therefore answers the question: What ethical commitments and responsibilities do astrobiologists 

recognize and prioritize as they search for life in our solar system, especially via sample return 

missions? This thesis’s intent is not to make a normative judgement on whether astrobiologists’ 

approach to ethics and responsibility is ‘good’ or ‘bad,’ but rather to describe researchers’ 

perspectives on their ethical and social obligations in the context of their research and what this 

means for the discovery of life. 

After walking through a review of the literature and this study’s methodology, we will 

delve into the results and conclusions. The results section is organized around scientists’ 

concerns associated with astrobiology research, their ethical commitments and attitudes, and 

their responsibilities.  
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LITERATURE REVIEW 

 

Introduction 

 

This study fills a gap in the literature by providing empirical evidence on astrobiologists’ 

understandings of their responsibilities and of the ethical questions implicated in the search for 

life. To contextualize this thesis’s findings, I describe the astrobiology field and astrobiology 

researchers, existing ethical approaches advocated by scientists and philosophers, planetary 

protection and its official justifications, and the findings of risk perception and social 

responsibility studies focused on nanotechnology researchers, who represent a parallel emerging 

technology field. 

 

What is astrobiology? A brief history. 

 

David Catling (2013) has described astrobiology succinctly as “a branch of science 

concerned with the study of the origin and evolution of life on Earth and the possible variety of 

life elsewhere” (Catling 2013:2). The term ‘astrobiology’ (as opposed to ‘exobiology’7) first 

appeared in a NASA document in 1996 (Dick and Strick 2004), when the administration’s 

Strategic Plan defined the term in its glossary.8 In 2018, the NASA Astrobiology Institute 

website stated:  

 

“Astrobiology is the study of the origins, evolution, distribution, and future of life in the 

universe…Astrobiology encompasses the search for habitable environments in our Solar 

System and on planets around other stars; the search for evidence of prebiotic chemistry 

or life on Solar System bodies such as Mars, Jupiter’s moon Europa, and Saturn’s moon 

Titan; and research into the origin, early evolution, and diversity of life on Earth. 

Astrobiologists address three fundamental questions: How does life begin and evolve? Is 

there life elsewhere in the Universe? What is the future of life on Earth and beyond?” 

(NAI 2018). 

 

The NASA astrobiology program sponsors research exploring the three questions listed 

above (Hays 2015:viii) as well as research investigating “how life emerged and evolved on 

Earth, what conditions make environments in our universe capable of supporting life, and what 

the distribution of habitable worlds and life beyond Earth might be”9 (Astrobiology at NASA 

2020).  

 
7 The science of searching for life beyond Earth has gone by various names in the recent past, including 

exobiology, bioastronomy, and cosmobiology. For a brief explanation of these terms’ varying usages and 

histories, see for example (Catling 2013:4–6) and (Chyba and Hand 2005). 
8 NASA defined astrobiology in 1996 as “The study of the living universe. This field provides a scientific 

foundation for a multidisciplinary study of (1) the origin and distribution of life in the universe, (2) an 

understanding of the role of gravity in living systems, and (3) the study of the Earth's atmospheres and 

ecosystems” (NASA 1996). Two years later, the definition was modified slightly to become: “The study 

of the living universe. Provides a foundation for a multidisciplinary study of the origin and distribution of 

life in the universe, including the role of physical forces, planetary atmospheres, and ecosystem 

interaction in the evolution with living systems” (NASA 1998). 
9 https://astrobiology.nasa.gov/about/faq/what-is-nasa-astrobiology/ 

https://astrobiology.nasa.gov/about/faq/what-is-nasa-astrobiology/
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An obvious but mystifying question arises in trying to answer any of astrobiology’s 

fundamental questions: What is life? The answer to this question, if indeed it is answerable at all, 

lies well outside the scope of this study. It is worth noting, however, that how we define, 

characterize, and recognize (or fail to recognize) life is of crucial importance to astrobiology 

research, and remains a challenge to researchers today. For a few discussions on defining life, 

see: (Bartlett and Wong 2020; Cleland and Chyba 2002; Helmreich 2011).  

Of course, these are not entirely new questions; stargazers and philosophers have 

pondered whether we are alone in the universe for millennia, dating back to Thales, Metrodorus, 

Leucippus, Democritus, Epicurus, and Plutarch, to name just a few thinkers in the Western 

tradition (Catling 2013:3; Dick 1980:3). However, until quite recently, humans did not have the 

scientific tools to answer these questions. In August of 1960, Nobel Prize-winner Joshua 

Lederberg—then a professor of genetics at Stanford University Medical Center—published in 

Science an adaption of a presentation he had given at the first International Space Science 

Symposium in January 1960, entitled: “Exobiology: Approaches to Life beyond the Earth” 

(Lederberg 1960). Lederberg wrote: 

 

“Many of us are looking forward to the close investigation of the planets, and few 

inquisitive minds can fail to be intrigued by what these studies will tell of the cosmic 

distribution of life. To conform to the best of our contemporary science, much thoughtful 

insight, meticulous planning, and laboratory testing must still be invested in the 

experimental approaches to this problem” (Lederberg 1960:393).  

 

Despite Lederberg’s foresight and the launch of the Viking missions to Mars in 1975, 

astrobiology emerged as a field only in the late 1990s, propelled by several developments in 

recent decades: a growing understanding of terrestrial extremophiles10 beginning in the 1970s; 

the discovery of the first exoplanets beyond our solar system in the early 1990s and the launch of 

the Hubble Space Telescope in 1990 (which would later contribute to an explosion in discoveries 

of exoplanets); and then, in 1996, two events: NASA scientists’ claims to have found signs of 

fossilized life in the Allan Hills Martian meteorite (ALH84001), and evidence from the Galileo 

spacecraft that Europa’s11 icy crust had fractured in the past and might overlie a subsurface 

ocean (Belton et al. 1996; Catling 2013:2–3; Rampelotto 2013). These developments contributed 

to the rebirth of exobiology (astrobiology’s predecessor, which had stagnated following the 1975 

Viking missions’ ‘failure’ to find life on Mars) under a new name: astrobiology. Thus in 1998, 

NASA’s Strategic Plan vowed to “expand our understanding of the evolution of the universe and 

its galaxies, stars, planets, and life” (NASA 1998:20) (emphasis added) in its Space Science 

Roadmap, and assigned the astrobiology mission to Ames Research Center. By 2002, NASA’s 

annual spending on astrobiology had reached almost $50 million and seven hundred scientists 

were attending the world’s second Astrobiology Science Conference12 (Dick and Strick 2004:1). 

Then-NASA Administrator Sean O’Keefe expounded part of the agency’s new vision: “To 

improve life here, to extend life to there, to find life beyond” (NASA 2002:1). 

 

 
10 Extremophiles are microorganisms adapted to extreme environmental conditions such as heat, cold, 

alkalinity or acidity. Astrobiologists study extremophiles to better understand how life might survive in 

environments (e.g., on other planets) we would traditionally deem uninhabitable or inhospitable.  
11 Europa is Jupiter’s second moon. 
12 The first was held at NASA Ames in 2000. 
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 Who are astrobiologists? 

 

Lederberg predicted in 1960 that searching for life beyond Earth would require “mutual 

understanding among scientific disciplines as isolated as biochemical genetics and planetary 

astronomy” (Lederberg 1960). Today, the NASA Astrobiology Institute website indeed notes 

that “this interdisciplinary field requires a comprehensive, integrated understanding of biological, 

geological, planetary, and cosmic phenomena” (NAI 2018), and NASA Astrobiology Program 

Director Mary Voytek is fond of saying that everyone is an astrobiologist, whether they know it 

or not13 (Cofield 2018). In fact, understanding the formation and distribution of life in the 

universe draws on just about every area of space science, with the possible exception of research 

into the Big Bang (Cofield 2018). Astrobiologists (self-defined or not) taken together therefore 

represent a very diverse set of scientific practices and explore an enormous range of research 

questions. Employed at NASA, universities, and private research institutions, these scientists 

might: study soil chemistry in the field or the lifecycle of bacteria in a laboratory; sift through 

data from NASA’s Kepler mission to better understand the characteristics and distribution of 

planets beyond our solar system;14 design instruments capable of detecting life on Mars; study 

global rates of microbial activity and nutrient turnover; travel to hot springs, frozen Antarctic 

lakes, or the Atacama Desert to understand how Earth lifeforms survive in extreme 

environments; and much, much more.  

 

Ethics of Astrobiology and Planetary Protection 

 

 Scientists and ethicists have developed and adapted various ethical frameworks to guide 

hypothetical interactions with extraterrestrial life and environments. However, there is no 

consensus on the moral status of extraterrestrial microbes and environments, including on the 

fundamental question of whether microbial life has intrinsic or only instrumental value. 

Furthermore, while some astrobiologists and social scientists have written on these topics, the 

discussion is not informed by the opinions of astrobiologists generally; practitioners’ views on 

ethics and responsibility in exploration have not been documented.  

 Ethics have an important role to play in astrobiology, not least because interplanetary 

missions and astrobiological discovery will raise questions such as: ‘What are our ethical 

responsibilities to extraterrestrial entities?’ and ‘How should we interact with other life and 

environments?’ First and foremost, we will need to “assess the moral status of the organisms 

involved”—a task that looks increasingly challenging when we recognize that we cannot agree 

on our proper relationship to animals and other organisms even on our own planet (Dick 

2018:241). Arguments over astroethics are not esoteric philosophical debates; the ‘answer’ will 

determine our actions as we search for other life and in the event of discovery.  

Many journal articles, books, papers, workshops, and conferences have explored the 

ethics of astrobiology and planetary protection, presenting a wide variety of views on the ethical 

 
13 Meaning that because searching for life beyond Earth “requires input from an incredibly wide 

range of disciplines, including astrophysics, geology, exoplanet science, planetary science, 

chemistry and various subfields of biology,” many scientists’ research helps answer 

astrobiology’s big questions regardless of their intent (Cofield 2018). 
14 Space Awareness. “Who is an astrobiologist?” Accessed April 21, 2021. http://www.space-

awareness.org/bg/careers/career/what-astrobiologist/.  

http://www.space-awareness.org/bg/careers/career/what-astrobiologist/
http://www.space-awareness.org/bg/careers/career/what-astrobiologist/
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status of extraterrestrial life and environments and on what constitutes ethical interactions with 

ET. However, the scientific community—much less all stakeholder communities involved in 

astrobiology—have not agreed on an ethical framework to guide exploration of the cosmos. 

Astrobiologists, philosophers, and ethicists present a wide array of views, and have argued that 

extraterrestrial life and environments have intrinsic value and should be left free from human 

interference; that these entities have no ethical standing and humans have a moral obligation to 

settle other planets; that where there is no indigenous extraterrestrial life, it is ethical to seed an 

area or planet with life from Earth; and everything in between.  

 We will explore a handful of views on human-extraterrestrial ecosystem interactions to 

demonstrate the variety and nuance of these ethical frameworks and the disparity between them. 

I will borrow Randolph and McKay’s (2014) use of the term ‘ethics’:  

 

“By ethics, we mean a system of values and commitments that guide the formation and 

implementation of policies for space exploration as well as the day-to-day operations of 

astrobiologists. As noted, such a system of values and commitments must have a broad 

consensus among stakeholders in astrobiology. Science has always been guided by an 

ethical system of values and commitments, although usually this ethical system is 

assumed and not explicitly discussed” (Randolph and McKay 2014:28). 

 

Intrinsic Value 

 

Many questions about the ethical status of extraterrestrial life and environments hinge on 

the distinction between intrinsic and instrumental value—in other words, whether something is 

valuable of its own accord, or whether it is valuable because it is valued by another entity (typically 

humans) (Dick 2018:245). Carl Sagan famously argued in Cosmos (1980): “If there is life on Mars, 

I believe we should do nothing with Mars. Mars then belongs to the Martians, even if they are only 

microbes.”15 Other authors have taken the stance that life—including extraterrestrial microbes—

has intrinsic value and should be respected and protected to an extent. However most do not 

necessarily condemn all sampling or ‘interference’ with extraterrestrial biospheres. Race and 

Randolph (2002) for instance explain that a commitment to avoiding “undue interference” 

(emphasis in original) does not preclude sampling or experimenting on extraterrestrial life, “so 

long as such scientifically legitimate enterprises do not cause irreparable harm or disruption to the 

ecosystem” (Race and Randolph 2002:1588). The authors are open to the possibility that: 

 

“human space explorers may have a moral obligation to respect the integrity of 

extraterrestrial ecosystems just as they do those on Earth. It can be argued that 

extraterrestrial ecosystems should continue to function essentially the same as they did 

before their discovery by space explorers, following their natural evolutionary or 

development trajectory, whatever that might entail” (Race and Randolph 2002:1587).   

 

Cockell (2005) argues that microorganisms have both instrumental and intrinsic ethical 

value at least equal to, if not greater than, other species, and that the destruction of microbial 

 
15 This statement has been criticized for its ambiguity. As Mark Lupisella points out, “It is not clear if this 

means we stay off the surface completely, use sterilized robots only, or just prohibit colonization while 

allowing in situ experimentation via human explorers” (Lupisella 1997:91). 
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ecosystems or entire species would be morally wrong. However, like his contemporaries, 

Cockell’s ethic allows for small-scale and non-permanent interference:  

 

“An ethic that regards the protection of individual microorganisms as theoretical and the 

protection of communities as operative, does not necessarily require us not to 

contaminate other planets. An ethic of intrinsic value for microorganisms requires that we 

respect indigenous microorganisms and their communities. Only when contamination 

results in large-scale killing of indigenous microbial communities that threatens the 

integrity of biotic communities should we then have concern about our effects on them” 

(Cockell 2005:290). 

 

Similarly, Randolph and McKay (2014) argue that “protecting and expanding the 

diversity of life” should serve as a foundational ethic for astrobiology, based in part on the belief 

that (1) all life has intrinsic value and (2) that “we should never treat inferior extraterrestrial life 

in a manner that we, ourselves, would not want to be treated by superior extraterrestrials, if they 

visited planet Earth” (also known as the cosmic Golden Rule) (Randolph and McKay 2014:33). 

Their framework, which prescribes biologically reversible exploration, does not preclude 

“predation” of extraterrestrial life by humans (or the study and sample return of life) so long as 

such actions do “not jeopardize the long-term viability of the species or ecosystem” (Randolph 

and McKay 2014:31). “Acknowledging that all living organisms possess intrinsic value does not 

preclude predation in order to promote human flourishing,” write Randolph and MacKay, “but it 

does create an important baseline of respect that provides a check against unjustified or excessive 

predation” (Randolph and McKay 2014:30). Thus multiple authors—both scientists and 

philosophers—have argued in favor of non-interference with evolutionary trajectories. The basis 

of these arguments might be summarized as “a commitment to freedom as a privileged intrinsic 

value for life” (Race and Randolph 2002:1588). 

A few authors also argue for—or at least allow for—the active preservation of 

extraterrestrial microbes (e.g., Cockell, 2005; Randolph & McKay, 2014). Randolph and McKay 

state that their principle of protecting and expanding the diversity of life is consistent with 

modifying extraterrestrial environments in order to “enhance” or protect indigenous 

extraterrestrial life, and Cockell writes that “as moral agents we are not necessarily bound to 

minimise contamination” (Cockell 2005:291); for example, if a biotic community on Mars were 

on the verge of extinction, we might preserve it by introducing other organisms into the 

environment (e.g., earth organisms that produce a nutrient which is necessary for indigenous life 

to survive).  

Others go further to suggest that if a planet is uninhabited, we may have a moral 

obligation to seed it with life (McKay and Haynes 1990). Though McKay and Haynes (1990) 

acknowledge that “arguments in favor of ecopoiesis conflict with latterday claims of 

environmental ethics regarding the ‘moral standing’ of planets,” they nevertheless assert “it is 

illogical to argue that a dead planet ought to remain as it is, simply because it is” (McKay and 

Haynes 1990:144).  

Regardless of the existence or presence of life, many authors have argued for at least 

partially preserving  planetary environments (Almár 2002; Capper 2019; Cockell and Horneck 

2006; Rolston 1986; Uhlir and Bishop 1986), for example through the establishment of “a legal 

regime for the space wilderness” (Uhlir and Bishop 1986) and adapting wilderness protection 

policies to other parts of the solar system (e.g., in the form of planetary parks) (Anon 2010; 
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Cockell and Horneck 2006). At a 2010 COSPAR workshop in Princeton, attendees considered 

that even environments with no indications of indigenous life, such as the Moon, nevertheless 

“have various instrumental values (historic, scientific, aesthetic, commercial, etc.)” and that 

“there may be need to consider relative value” (COSPAR, 2010, pp. 10-11). There are both 

utilitarian and intrinsic value arguments in favor of protecting some (or all) extraterrestrial land. 

For example: (1) wilderness areas may be necessary for healthy human civilization and culture; 

(2) land has its own intrinsic value; (3) we should preserve and protect lands for the sake of 

future generations; and (4) the land may have “unknown and indirect benefits” (Cockell and 

Horneck 2006:258). Wichita State University philosopher James Schwartz, who cites 

environments’ instrumental value to science as justification for their protection, provides an 

example of the latter. Schwartz has criticized the attitude he deems “life bias,” “the belief that a 

space environment is worthy of protection if and only if it is home to life (or traces of past life)” 

(a belief held by authors such as Sagan, Cockell, and Mark Lupisella) (Schwartz 2019:354). 

According to Schwartz, because scientific knowledge and understanding are both intrinsically 

and instrumentally valuable, “there are…ethical reasons for expanding the scope of planetary 

protection to include sources of scientific curiosity generally – and not just sites of interest in the 

search for life” (Schwartz 2019:360) (Schwartz 2020). 

Although the specifics of preservation plans differ, the underlying intent of a 

commitment to conservation may prove more important than the mechanism. Although Almár 

(2002) suggests that planetary scientists should characterize and evaluate various attributes of 

planetary environments now, to determine which areas should be preserved as wilderness (Almár 

2002), Holmes Rolston III, on the other hand, wrote in the 1980s:  

 

“Humans are now in a poor position to say what the formed integrities elsewhere in the 

solar system are. Speculating over what places, planets, moons should be designated as 

nature preserves would be more foolish than for Columbus to have worried over what 

areas of the New World should be set aside as national parks and wildernesses. All the 

same, in retrospect, our forefathers would have left us a better New World had they been 

concerned sooner about preserving what they found there…” (Rolston 1986:171).16  

 

Ignorant though we may be about the environments and ecosystems of other planetary 

bodies, an approach to exploration that prioritizes preservation and makes a concerted and 

genuine effort to account for the interests of non-human entities may produce better outcomes for 

all involved than if explorers simply throw their hands up in defeat at the impossibility of perfect 

information and of complete success at conservation.  

We have so far encountered a range of views: those who would prohibit ‘interference’ (a 

word with ambiguous meaning) if life exists; those who would accept interference that does not 

have large-scale impacts or alter a biosphere’s evolutionary trajectory; those who permit 

interference with the aim of preserving or promoting indigenous life; and those who advocate the 

 
16 Rolston continues: “humans ought to preserve projects of formed integrity, wherever found…this 

principle underlies respect for life, organic individuals, species, ecosystems, landscapes… just as the 

human dominion on Earth is constrained by a respect for other forms of being, the human presence in 

space, which is neither our dominion nor our native domicile, ought to be constrained by a respect for 

alien forms of projective integrity. If an ethicist shrinks from the vocabulary of duty here, there will be 

ideals of attitude toward these places” (Rolston 1986:170) (emphasis in original). 
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cultivation of life in uninhabited environments; and those who would protect environments even 

independent of life.  

 

Instrumental Value 

 

Another group of scientists and philosophers value extraterrestrial microbes and 

environments strictly in terms of their utility to humans, and view the ideals of conservation and 

‘deep ecology’ expressed above as somewhat absurd. Some experts have critiqued the 

inconsistency of conservationist frameworks with current practices on Earth. For example, 

Sagan’s assertion that “Mars belongs to the Martians” seems to imply that all life has ethical 

standing even as we routinely kill microbes (and, I would add, highly intelligent and social non-

human animals) on Earth (Dick 2018; Smith 2009; Zubrin and Wagner 1996). Former NASA 

Chief Historian Steven Dick questions: “Do Martian microbes have more value than terrestrial 

microbes? How can we grant them moral status on Mars, but not on Earth?” (Dick 2018:258). 

Philosopher Kelly Smith offers one example of the instrumental value position. Smith 

believes sociality, culture, and reason “should be the criterion for intrinsic moral value” in 

astrobiology (Smith 2014). On this basis, he argues that entities such as “microbes, plants and 

lower animals with only rudimentary neural systems” have only instrumental value, and may be 

used by humans for whatever purpose we wish—although, Smith is quick to qualify the 

implications of this framework: an absence of intrinsic value does not necessarily imply 

microbes’ wanton destruction, if the push-and-pull between stakeholders allows for their 

survival. (Scientists who want to preserve microbes for study might still triumph over 

corporations intending to strip-mine Mars, for example (Smith 2014:213).) 

Smith also combats the argument (put forth by Tavares et al. 2020, for example) that 

microbes merit protection because they may one day evolve into intrinsically valuable lifeforms. 

This potential does not “[confer] full blown intrinsic moral value,” Smith argues, because (1) 

given a long enough time frame, this would apply to all living entities, including bacteria that we 

regularly kill on Earth, and (2) “we are morally required to consider the opportunity costs to the 

[intrinsically valuable, e.g., human] species of forgoing their use” (Smith 2014:213). Eschewing 

settlement of another planet in the interest of preserving native life, for example, “would impose 

a massive cost on human beings, who clearly have intrinsic moral value… we should not trade 

the interests of existing…beings with intrinsic moral value for those of…beings with only 

potential value” (Smith 2014:213). Here, Smith’s stance echoes Robert Zubrin’s assertion that 

discussions of the rights of extraterrestrial environments “are not really about establishing rights 

for the Moon [or anywhere else], but denying them to humans” (Zubrin 2020). Although Zubrin 

and Wagner (1996) acknowledge that the discovery of Martian life would have great scientific 

value, they also think humans should have no moral qualms about killing Martian microbes, just 

as we routinely kill Terran microbes with everything from mouthwash and antibiotic pills to 

water chlorination.  

Another camp goes still further, prioritizing human settlement of Mars, regardless of 

indigenous life or environments, as a practical necessity or moral imperative for the human 

species. Donald Barker (2015) argues that we have an “imperative” to settle Mars in order to 

save our own species from extinction (Barker 2015), and Zubrin and Wagner likewise expound 

humanity’s obligation to terraform Mars for our own purposes: “I would say that failure to 

terraform Mars constitutes failure to live up to our human nature and a betrayal of our 
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responsibility as members of the community of life itself,” they argue, regardless of the presence 

of indigenous life (Zubrin and Wagner 1996:248–49) (emphasis in original).  

 Thus, some philosophers and scientists do not believe extraterrestrial life and 

environments merit moral consideration, and believe that human rights to the benefits of 

exploration trump other concerns.  

 

Ample theoretical work exists exploring the moral obligations explorers may or may not 

have to extraterrestrial ecosystems they encounter. This study fills a gap is in the empirical 

literature: what do practitioners think about all this? Where might they fall in the (slightly 

modified) table laid out by former NASA Chief Historian Steven Dick below, where various 

“theories of moral status” afford ethical standing to everything from the entire cosmos to humans 

exclusively—with varying implications for how explorers should interact with life and 

environments beyond Earth (Dick 2018)? 

 

 
Theory Explanation Representative Proponents Implications for Life 

Beyond Earth 

Anthropocentrism Only humans have moral 

status 

Most religions 

Zubrin and Wagner (1996) 

Alien life has only 

instrumental value; 

protection possible 

Ratiocentric 

Social-Reason-Cultural Triad 

All organisms that have 

reason, or the social-reason-

culture triad have moral 

status 

Smith (2009 and 2014) 

 

Alien microbes and some 

complex alien life have only 

instrumental status 

Sentientism All and only sentient beings 

have moral status 

Persson (2012) 

Peters (2013) 

All and only sentient aliens 

have moral status 

Biocentrism All and only living things 

have moral status 

Schweitzer (1960) 

Callicott (1986) 

McKay (1990) 

Sagan (1980) 

All living alien life has moral 

status 

Ecocentrism (Environmental 

Ethics; Deep Ecology) 

All living beings, 

ecosystems, and perhaps 

nonliving Nature have moral 

status 

Leopold (1949) 

Naess (1973) 

Devall and Sessions (1985) 

Rolston III (2014) 

Even nonliving Nature has 

moral value 

Planetocentrism All planets have intrinsic 

value, especially with life 

Sullivan (2013) All planets have intrinsic 

value 

Cosmocentrism The entire cosmos and its 

constituent parts have moral 

value 

Vidal (2014) 

Dick (2009) 

Hart (2013) 

Haynes (1990) 

Lupisella and Logsdon 

(1997) 

Lupisella (2016) 

Some physical or 

metaphysical aspect of the 

universe has priority in a 

value system, and provides a 

justification for intrinsic 

value 

* from Steven J. Dick (2018) Table 8.1, “Theories of Moral Status,” page 247. 

 

Critiques of regulatory ethical discourse 

 

A few authors have questioned the underlying assumptions prevailing space ethics 

discussions. Kearnes and van Dooren (2017) argue that most current discussions presume an 
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extractive, colonial-esque, frontier mindset and use regulatory ‘ethics’ as an add-on to justify, 

normalize, and thereby facilitate the pursuits of space commercialization and expansion by 

painting it as “responsible” (Kearnes and Dooren 2017:186). Kearnes and van Dooren argue that 

current work glosses over its problematic underlying assumptions: that space is an empty vessel 

“awaiting purposeful inscription by the human species,” and that expansion into space is the 

natural, unavoidable, and admirable next step for a “rapacious” humanity (Kearnes and Dooren 

2017:182). At least for off-Earth mining, Kearnes and Van Dooren argue that these assumptions 

“set up the conditions for a specific—profoundly limited and problematic—regulatory ethical 

discourse” (Kearnes and Dooren 2017:182) that leaves no room for “other modes of 

valuation…from those of local sentient beings, to minority opinions among the colonizing 

culture itself (which might, for example, advocate the value of leaving these places to their own 

devices)” (Kearnes and Dooren 2017:183).17  

The authors propose an alternative ethical framework based on a commitment to 

“flourishing,” which might question whether the current aims of space exploration and extraction 

should be pursued at all—and would at least change our practices considerably. This type of 

ethic “[insists] that ethics must be woven through every facet of the ways in which worlds take 

shape,” instead of being “reduced to a detached weighing up of possibilities that [occur] after, or 

[are] bolted onto the side of, fundamentally technological projects shaped primarily by economic 

and technical considerations” (Kearnes and Dooren 2017:189). The ethic that Kearnes and van 

Dooren propose, partially inspired by the writings of Hannah Arendt, would account for the 

agency of non-human actors: 

 

“Such an approach might begin from the question of ‘worlding,’ asking: What kinds of 

worlds are we helping to produce and with what consequences for whom? This is an 

approach concerned with the agency of, and impacts on, diverse peoples, places, 

organisms, and entities—always in the multiple, always specific. Such an approach 

would not assume that humans are the only subjects of ethical concern, holding open the 

question of which nonhumans—from Martian microbes to a lifeless asteroid— might 

make ethical demands on us” (Kearnes and Dooren 2017:186).  

 

Kearnes and van Dooren, along with York University anthropologist Kathryn Denning, 

have also critiqued the self-serving myth of an unclassifiable yet unified ‘humanity’ or ‘we’ in 

space exploration. In short, the authors criticize current regulatory ethical work as perfunctory 

and self-serving. We must ask ourselves whether most people on Earth would agree with the 

(bio)ethical decisions that a small subset of humanity will be responsible for making. 

 
17 Kearnes and van Dooren, along with York University anthropologist Kathryn Denning, have also critiqued the 

self-serving myth of an unclassifiable yet unified ‘humanity’ or ‘we’ in space exploration. As Denning was recently 

quoted in a Gizmodo article: “…it’s worth asking: who’s ‘we’? Discussion of space and the future often involves a 

rhetorical ‘we’ that encompasses ‘all humanity’ or ‘our species.’ But it’s time to think differently about space. There 

is no big ‘we’ here. For the foreseeable future, only a very few human beings will have the capability to launch or 

act in space […] That tiny contingent of humans does not include me. I have opinions. But I don’t have a vote. And 

that’s true for the vast majority of people reading this. That matters, because when a space agency, space advocacy 

group, Elon Musk, or Jeff Bezos, etc., says ‘We should do X or Y in space’… they’re using traditional rhetoric that 

encourages audiences to think that we (the rest of humanity) are a part of what they’re doing. Clarity on this matters 

a lot now, as multilateralism is either faltering or collapsing, the capabilities of private actors are accelerating, and 

the likelihood of unilateral actions increases. There are a multitude of different interests in space, and a multitude of 

ideologies and capabilities—not one ‘we’” (Kolitz 2021). (Emphasis in original.) Denning brings social and human 

issues, not only bioethical ones, into the spotlight.  
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Planetary Protection – What is it, and where does it come from? 

 

Planetary protection policies regulate human interaction (thus far, with the exception of 

the Moon, via robotic interaction) with extraterrestrial environments and potentially life. Thus, 

planetary protection is the mechanism through which (bio)ethical behavior and responsibility in 

planetary exploration is currently officially defined and enforced. Planetary protection prevents 

forward contamination—the harmful transfer of Earth microbes and organic materials to celestial 

bodies—for outbound missions, and manages the risks of backward contamination18 when 

returning extraterrestrial materials or spacecraft to Earth. More succinctly, planetary protection is 

“the discipline of protecting solar system objects from harmful contamination resulting from the 

activities of interplanetary spacecraft” (Spry et al. 2016:1). 

The United States’ planetary protection policies are guided by the 1967 United Nations 

Outer Space Treaty19 (OST), to which the U.S. is a signatory, and by the United Nations 

Committee on Space Research (COSPAR). Formal commitments to preventing contamination 

derive from Article IX of the OST, which states that: 

 

“States Parties to the Treaty shall pursue studies of outer space, including the Moon and 

other celestial bodies, and conduct exploration of them so as to avoid their harmful 

contamination and also adverse changes in the environment of the Earth resulting from 

the introduction of extraterrestrial matter and, where necessary, shall adopt appropriate 

measures for this purpose” (United Nations General Assembly 2002:6). 

 

While Article IX only addresses “harmful contamination,” COSPAR references 

“planetary protection” specifically. In 2017, the United Nations announced that adhering to 

 
18 It is possible that extraterrestrial materials could be pathogenic to terrestrial life. This is generally 

considered unlikely, given that the host and pathogen would not have coevolved. A biochemist and 

molecular virologist working on backward contamination whom I interviewed, “Craig,” noted that viruses 

are extremely specific to the exterior of the host cell as well as its internal components, and require all the 

amino acids and nucleotides in our cells to survive. Even an extraterrestrial organism with biochemistry 

similar to our own would likely require slightly different amino acids. However, some scientists point out 

that “a converse argument can also be made [to the coevolution argument], that we have evolved our 

specific defenses against terrestrial bacteria and that we might be less capable of coping with organisms 

that lack the proteins and carbohydrates by which they could be recognized as foreign” (Lederberg 

1960:339). Furthermore, “Craig” noted that autotrophic organisms (such as bacteria) that can produce 

everything they need, given an energy source, could pose a threat; some organisms on Earth are 

pathogenic to us without keying into any particular pathway—they thrive in the environment of our joints 

or our circulatory system, for example. Extraterrestrial life could also present an indirect risk through 

damage to other parts of our ecosystem. Even if it is not key players in Earth’s biosphere, it may still 

cause harm in the same manner as an invasive plant or animal species on Earth (by outcompeting native 

species for resources, for example) (Lederberg 1960:339). “I agree with the argument that the things that 

we already have on Earth are hopefully the worst things that we’re going to find, because they have had 

millions and billions of years to become highly adapted to us,” said Craig. “But it seems an unnecessary 

risk, given the downside. The likelihood may be low, but the consequence is incredibly high potential.” 
19 The OST’s full name is: The Treaty on Principles Governing the Activities of States in the Exploration 

and Use of Outer Space, including the Moon and Other Celestial Bodies 
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COSPAR planetary protection recommendations would satisfy signatories’ obligations under 

Article IX of the OST (Lal 2020). The Planetary Protection Panel of COSPAR: 

 

“reviews planetary protection measures for planetary missions and guides the application 

of the international COSPAR Planetary Protection Policy and implementation guidelines. 

COSPAR maintains and promulgates the Policy as a reference for spacefaring nations, 

both as an international standard to avoid organic constituent and biological 

contamination in space exploration, and to provide guidelines in this area to ensure 

compliance with article IX of the Outer Space Treaty and other relevant international 

agreements” (page 64) (UNOOSA 2020:64).  

 

Thus the NASA Planetary Protection Office looks to COSPAR to guide its planetary 

protection efforts, and in so doing fulfills its obligations under the OST. “The consensus from the 

beginning of the American space program,” writes former NASA Chief Historian Steven Dick, 

“has been that it simply would not do to contaminate Mars, nor, of course, would it do to ‘back 

contaminate’ the Earth” (Dick 2018:257).  

 

Official Rationales for Planetary Protection 

 

There are multiple reasons to avoid contamination, some of which have traditionally been 

more prominent than others. When the 1967 Outer Space Treaty was signed at the height of the 

Cold War, its framers’ concerns about ‘harmful contamination’ actually referred more to 

physical contamination and nuclear fallout than to biological issues (Lal 2020). COSPAR, 

formed in 1958, better represented scientists’ views and aimed to prevent false positives in order 

to protect present and future studies related to the origins of life (in the ‘50s this was called 

‘planetary quarantine,’ not planetary protection) (Lal 2020).  

Regardless of ethical differences of opinion, thus far, planetary protection to prevent 

forward contamination has been motivated primarily, if not exclusively, by a desire to preserve 

the integrity and result reliability of future science missions in the solar system (implying the 

instrumental value of microbes). According to the 2020 White House National Strategy for 

Planetary Protection, planetary protection’s purpose is to “ensure the validity of any scientific 

study related to” the discovery of extraterrestrial life and “to protect future scientific 

investigations” (The White House National Space Council 2020:2). Race and Randolph (2002) 

observe that National Research Council reports have approached planetary protection with the 

aim of protecting the integrity of science “rather than any concern for that life” (Race and 

Randolph 2002:1587) (emphasis in original), and a 2012 COSPAR workshop likewise noted that 

“the notion of harmful contamination in COSPAR, NASA, and ESA policies currently is focused 

more on the harm to future science than on the disruption of alien ecosystems, although the latter 

is also a concern on a broader basis” (Ehrenfreund, Hertzfeld, and Howells 2013:8).  

Despite official inattention, various COSPAR workshops as well as National Academies 

of Sciences and NASA reports have considered the ethics underlying planetary protection and 

the search for extraterrestrial life. Without reaching definitive conclusions or offering specific 

recommendations, a 2010 COSPAR workshop determined that COSPAR must address 

astrobiology’s ethical implications for human interactions with life, for non-life, and for 

environmental management (Rummel et al. 2012). The 2015 NASA Astrobiology Strategy 

included a very brief section titled “What Is The Role for Ethics in Astrobiology?”, asking: “Do 
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humans have non-Teran ethical obligations?” and “Can they be agreed on in a socially plural 

fashion?” (Hays 2015:157), and the National Academies of Sciences 2018 Review and 

Assessment of Planetary Protection Policy Development Processes posed the following 

questions:  

 

“What scientific, technical, philosophical, and/or ethical assumptions and values about 

the importance of avoiding forward contamination of extraterrestrial planetary 

environments are prioritized in the current planetary protection policy development 

process?”  

 

“How does the current planetary protection policy development process balance interest 

in acquiring scientific knowledge of planetary environments to inform future scientific 

studies, exploration, and planetary protection policy choices with the interest in 

protecting those environments in the here-and-now?” (National Academies of Sciences et 

al. 2018:viii–ix).  

 

At the 2010 COSPAR workshop at Princeton, some participants argued that 

extraterrestrial life and ecosystems have intrinsic as well as instrumental value and that we 

should “consider environmental stewardship & preservation regulations until bodies are explored 

sufficiently” and “investigate before any interference that could cause harm on celestial bodies” 

(COSPAR, 2010, pp. 10-11), but concluded that ethical values needed to be explored further. 

Participants determined that “an expanded framework for COSPAR Planetary Protection 

policy/policies is needed to address other forms of ‘harmful contamination’ beyond what is 

currently addressed (i.e., biological and organic constituent contamination)” (COSPAR, 2010, p. 

1), and also recommended modifying the COSPAR policy preamble on planetary protection “to 

acknowledge the values of life and non-living things,” including the following wording: 

 

“life, including extraterrestrial life, has special ethical status and deserves appropriate 

respect because it has both intrinsic and instrumental values, and  

“non-living things, including extraterrestrial things, likewise have value and deserve 

respect appropriate to their instrumental, aesthetic, or other value to human or 

extraterrestrial life”  (Rummel et al. 2010). 

 

Without reaching any formal conclusion, COSPAR has indicated it may support 

expanding the planetary protection framework to include the environment and non-living things, 

and that the application of Earth-based ethics elsewhere requires additional scrutiny. 

These workshops and reports demonstrate the scientific community’s recognition of the 

need to identify and evaluate the values and ethical assumptions underlying current astrobiology 

practices and planetary protection policies. In some cases, the community has explicitly rejected 

the status quo (that proper scientific inquiry is the only compelling reason to avoid harmful 

contamination) and attempted to expand the definition of what constitutes harmful 

contamination. 

Thus, although protecting extraterrestrial life and environments for their own sake is still 

not an official aim20 of planetary protection policies today, cross-contamination safeguards have 

 
20 The official reason “is so that they can be studied in their pristine state without the threat of terrestrial 

contamination compromising the scientific data of the target body, and of similarly protecting the Earth 
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evolved significantly since their inception towards a focus on and concern for other planets. 

Today, various views see the role of planetary protection as: the protection of scientific 

knowledge and result reliability; the protection of Earth’s biosphere from harm; the protection of 

extraterrestrial environments that may one day be useful to humans; and the protection of 

extraterrestrial ecosystems for ethical reasons. 

Dr. William Kramer’s forthcoming paper The Present and Future We - The Role of 

Technology in Expanding the Future Sphere of Bioethical Consideration suggests one 

explanation for planetary protection rationale’s shift towards considerations for microbial life. 

Kramer notes that by enabling “increasingly detailed observation of non-human life” and 

opening our eyes to the “complexity” and “ingenuity” of other lifeforms, technological 

advancement “has generally resulted in increased ethical regard for other species, changed 

cultural norms and, in some cases, elevated legal and political status” of non-human organisms. 

 

Nanotechnology as a proxy 

 

Because only one study (Race and MacGregor 2001; MacGregor, Slovic, and Race 1998) 

has investigated the ethical attitudes and risk perceptions of scientists surrounding Mars sample 

return, I will instead offer nanotechnology studies as the main comparison to this thesis’s 

findings. However, MacGregor et al.’s study is useful to contextualize the research presented 

here. The authors compared the views of members of the Planetary Society to those of university 

students and a group of life scientists outside the space research community. While the study 

explored some similar questions to this research (such as participants’ perceptions of the risks of 

planetary exploration, and the morality of exchanging life between planets) the study focused on 

comparing and contrasting the beliefs of those familiar with the issue to ‘lay’ perceptions and 

used a relatively simple survey. The present study instead explores the more nuanced 

perspectives and perceptions of exclusively the astrobiology research community.  

Respondents were overall either uncertain about whether Martian life would pose a risk 

to Earth or else “perceived it to be a potential hazard, and believed that hazardousness should be 

assumed until proven otherwise” (MacGregor, Race, and Slovic 1998:3). However, compared to 

the other surveyed groups, Planetary Society respondents were more likely “to disagree that 

Mars missions and contact with the Martian surface should be restricted or prohibited because of 

potential contamination risks” (MacGregor et al. 1998:4).21  

Fascinatingly, when surveyed about the morality of exchanging life with other planets, 

about half of both the life science and student groups said “that if there is life on Mars, it should 

be left undisturbed,” and about one third of respondents in each of these groups thought that the 

return of life from another planet to Earth would be morally wrong. 50.4% of the Life Science 

group believed it would be wrong to introduce life from Earth to another planet, as did about a 

third of the student group. Compared to the other groups, “respondents in the Planetary Society 

group appeared much less concerned about the morality of exchanging life between planets” on 

every question in this category, and only 17.8% of Planetary Society respondents indicated that 

introducing Earth life to another planet would be wrong.22  

 
from uncontrolled release of a putative extra-terrestrial organism from, for example, a returned 

crewmember or extra-terrestrial sample” (Spry et al. 2016:1). 
21Although, MacGregor et al. note that none of the groups displayed “serious reluctance” toward 

planetary missions. 
22Though it is unclear whether the planet in question is uninhabited. 
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Although little to no literature exists on astrobiologists’ attitudes toward social 

responsibility, empirical investigations have been conducted on the moral obligations of 

practitioners in other emerging technology, high uncertainty fields such as nanotechnology 

(Caballero-Díaz, Simonet, and Valcárcel 2013; Corley, Kim, and Scheufele 2016; Fink, Harms, 

and Hatak 2012; Ho, Scheufele, and Corley 2011; Johansson and Boholm 2017; Kirkegaard et al. 

2020; McCarthy and Kelty 2010; Petersen and Anderson 2007; Spruit, Hoople, and Rolfe 2016) 

as well as scientists and engineers more generally. 

Throughout this thesis, I will use nanotechnology as an illuminating comparison to 

astrobiology. The full range of benefits and risks of nanotechnology and astrobiology research 

have not been defined, and yet both endeavors could introduce novel substances into the 

environment with unknown impacts. Sample return missions especially mirror nanotechnology 

research in that, as McCarthy and Kelty write regarding nanotechnology, potential risks are 

“undefined, potentially unknowable, and certainly not solely an issue of individual behavior” 

(McCarthy and Kelty 2010:407). With both research endeavors, there are uncertainties about 

long-term impacts on humans and the environment. As opposed to the more familiar scenario in 

which “calculable risks construct a responsibility-as-liability for past harms,” when faced with 

incalculable risks, individuals or groups may—or may not—be responsible for future harms 

(McCarthy and Kelty 2010:407). Like astrobiology, nanotechnology faces regulatory and risk 

management challenges in addition to promising discoveries.23 

 

A growing body of literature based on surveys and interviews with nanotechnology 

experts, as well as ethnographic studies of their work, has explored these scientists’ relationship 

to risks, benefits, and regulations24 as well as their feelings of responsibility.  

Studies to date paint a complex picture of how researchers view the integration of social 

and ethical issues into nanotechnology research and why they favor some social responsibility 

practices over others (Kim, Corley, and Scheufele 2012; Viseu and Maguire 2012). Viseau and 

Maguire (2012) identify three ways researchers “performed” social and ethical issues. Most 

commonly, social and ethical issues were seen as a problem researchers needed to solve or an 

obligation they had to fulfill through outreach; this group viewed “the problem” as a lack of 

general science knowledge among the public, or else engaged in public outreach because grants 

and other funding sources required researchers to integrate “wider societal benefits” into their 

work. Other participants did not view social and ethical issues as their responsibility. These 

 
23 One way nanotechnology differs from astrobiology is that, because the private sector is trying to transform 

nanotechnology into a trillion-dollar industry and sell various consumer products containing nanomaterials, 

private industry has supported (even pushed) accounting for social and ethical issues in nanotechnology in 

order to foster public acceptance; companies are actively and preemptively seeking to avoid the type of public 

backlash they saw against genetically modified organisms and nuclear power (McCarthy and Kelty 2010). In 

brief: “Public attitudes toward nanotechnology have been considered to merit study because public acceptance 

is such an important factor for the successful commercialization of new technologies.” (Larsson, Jansson, and 

Boholm 2019) This is less likely to be the case for astrobiology, which so far offers no consumer products. 
24 In their analysis, Kim et al. (2012) distinguished between three general attitudes nanotechnology scientists hold 

toward nanotech regulation. First were those who think society should have more influence on policy decisions and 

more involvement in science; second, those who believe the government is responsible for protecting the public 

against potential nano-risks (this group was the most likely to support national and international regulation of nano 

research); and third, those who put relatively low value on nanotechnology regulation, tending “to believe that 

science is more important than public opinion when making policy decisions—and that it is more important to 

advance nanotechnology quickly than it is to protect the public from risks” (Kim et al. 2012).  
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researchers generally felt they were unqualified or unable to make an impact on social and 

ethical issues, which fell instead under “society’s” purview. Still another group viewed and 

implemented social and ethical issues “as part of everyday safety procedures and toxicology,” for 

example to protect employees from harmful exposure to nanomaterials in the lab (Corley et al. 

2016; Viseu and Maguire 2012:199). 

McCarthy and Kelty (2010) have explored how responsibility is practiced or “made do-

able” by nanotechnology scientists through long-term ethnographic research. Their findings 

likewise emphasized the complexity and variance of social and ethical issues in emerging 

technology research. While some experts sought to prevent a public backlash by channeling 

more resources into researching nanotech’s potentially harmful environmental and biological 

effects, others in the community pressured their colleagues to stop impact-oriented research and 

publicity for fear it would cause negative public perception (McCarthy and Kelty 2010). 

McCarthy and Kelty conclude that “responsibility must be constructed and understood as 

something novel, something scientifically interesting, and something in urgent need of funding 

and basic research” (McCarthy and Kelty 2010:427) so that practitioners view it (1) as a 

scientific issue that is desirable to study and (2) as a source of respect, opportunity, and potential 

innovation (as opposed to as an irritating “downstream” or “bureaucratic” issue) (McCarthy and 

Kelty 2010:427). Thus, research into scientists’ beliefs about their social and ethical 

responsibilities can offer insight into how to encourage responsible practices and how 

perceptions and practices of risk and responsibility may be evolving.  

 

Filling a gap in the literature 

 

Although issues of social impact and astroethics have received nods from various 

international (and national) space symposiums, researchers and international organizations 

themselves generally agree that the current work is insufficient. The 1967 Outer Space Treaty, 

the 1979/84 Moon Agreement, the International Academy of Astronautics (IAA), COSPAR, and 

the United Nations Committee on the Peaceful Uses of Outer Space (UNCOPUOS) have all 

considered in one form or another the implications of discovering extraterrestrial life, ranging 

from moral considerations for planetary protection to public engagement with space exploration, 

and in 2016, the International Working Group on Astrobioethics was created within the 

International Association on Geoethics. Despite this progress, a 2010 COSPAR workshop 

concluded that greater discussion of astroethics is necessary (Chon-Torres 2018; Rummel et al. 

2012; Tarter 2013). 

Nor is there policy to guide these (potential) interactions. Neither COSPAR or NASA 

have issued official recommendations or policies to regulate the discovery of microbial 

extraterrestrial life (Race 2013). No guidelines or policies exist prescribing what to do if we find 

life, and “current terrestrial international space law recognizes no absolute protection for alien 

life-forms or alien environments per se” (Race and Randolph 2002:1587).  

Scientists searching for life beyond Earth, as well as social scientists, have theorized 

about and reflected on the potential ethical implications of the discovery of extraterrestrial life 

and the ethical standing of extraterrestrial life itself. However, the pervasiveness of these beliefs 

in the astrobiology community as a whole has not been documented; studies of the scientists who 

are engaged in finding and understanding this life are conspicuously absent. Survey studies 

(Swami, Chamorro-Premuzic, and Shafi 2010; Vakoch and Lee 2000),  investigations based on 

historical prototypes and disaster studies (Harrison 2011), and public polls, including Scripps 
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Howard in 2008 and Glocalities in 2017, have exclusively explored the public’s perception of 

SETI and astrobiology and their potential responses to extraterrestrial life and intelligence.  

  There is extensive literature discussing the social responsibility of scientists, engineers 

and health professionals in the abstract and a growing acceptance that scientists have a 

responsibility to society beyond the transparent performance of their professional duties (Glerup 

and Horst 2014; Green 2004; Randolph and McKay 2014; Resnik and Elliott 2016; Wyndham et 

al. 2015). The literature on what precisely those responsibilities are or ought to be, however, 

contains many disparate definitions and views and little data to inform the discussion between 

scientists, policymakers, and the public (Resnik and Elliott 2016; Wyndham et al. 2015). This 

study aims to contribute empirical information to that discussion, as well as aid in understanding 

how scientists understand their responsibilities and convert them into actions. According to the 

American Association for the Advancement of Science (AAAS), that understanding forms “a 

basis for recommending realistic actions that scientists and their institutions should take” and is 

necessary to codify existing responsibilities (Wyndham et al. 2015:11, 14). The AAAS notes that 

“it is important for any professional community to articulate the values and norms that will guide 

the actions of its members, in order that both members of the profession and those with whom it 

interacts are aware of what responsibilities members have toward others” (Wyndham et al. 

2015:13–14). In short, this study helps inform how scientists might be trained or educated to be 

more socially responsible, and also helps articulate existing values and norms (Wyndham et al. 

2015). 

What is the proper scope of planetary protection? Article IX of the OST’s provision to 

avoid “harmful contamination” can be interpreted in multiple ways. Is preventing back and 

forward contamination—the kind that might compromise current and future scientific inquiry—

the only objective explorers should worry about, or do they have responsibilities to other life and 

environments? We have seen that the scientific community contains the full spectrum of beliefs 

on ethics in planetary exploration, from complete conservation to complete disregard. This study 

aims to collect a broader range of opinions on these subjects with greater nuance. 
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METHODOLOGY 

 

The key research question guiding this study is: What responsibilities and ethical 

commitments do astrobiologists recognize and prioritize as they search for life in our solar 

system? 

I use qualitative methods of data collection and analysis to answer this question. The 

research presented here is exploratory; it represents an early stage of empirical inquiry into 

astrobiologists’ views on the ethical issues, social responsibilities, and risks and benefits of their 

field. As exploratory research, this study discovers themes and patterns, and makes preliminary 

assessments of the factors underlying its findings. It forms a basis for future research to establish 

robust theories and recommendations.25 

 

Sampling 

 

I interviewed professional scientists and researchers involved in the search for life 

beyond Earth. The transdisciplinary nature of astrobiology did not merit exclusion criteria 

regarding academic discipline. I sought participants from any sector of work (e.g., independent 

research institution, higher education sector, government, etc.) or nationality. In order to narrow 

the target population, reduce variability in culture (which might affect participants’ views on 

social and ethical issues), and deal specifically with NASA planetary protection policies, I 

interviewed individuals whose work is based in the United States.  

I identified eligible participants through their professional affiliation with relevant 

research institutes and networks, university departments and laboratories, and specific 

astrobiology research grants and projects (information that was available online). Using contact 

information that was publicly available on the internet, I emailed 68 of these scientists to request 

an interview. ‘Recruitment materials’ consisted of these emails, which contained a brief 

description of the study and its purpose. In a few cases I identified participants through 

recommendations from eligible participants, for example if an initial contact was unavailable for 

interview but referred me to a colleague.  

From those 68 cold-outreach emails, I ultimately interviewed 21 scientists, whose 

responses form the basis for the findings of this study. Participants represented a diverse array of 

career stages and disciplinary backgrounds: five interviewees were university professors heading 

research laboratories (usually NASA-funded and astrobiology-focused); three were research 

professors at universities but were not in charge of research laboratories, and one was a teaching 

professor; three were employed by NASA; three were research scientists at independent, not-for-

profit research institutes; three were postdoctoral researchers (two at universities and one at an 

independent research institute); one was a PhD student; and two later-career participants had 

worked for universities, NASA, and independent research institutes throughout their careers.26 

Eight participants were female, twelve were male, and one was nonbinary. Seventeen 

participants were White, one participant was White Hispanic, one was White Latinx, one was 

mixed-race, and one was Asian American.   

In terms of disciplinary background, interviewees hailed from microbiology, geology, 

chemistry, and engineering, and focused on research projects and topics as diverse as 

sedimentology, remote life detection, instrument design, exoplanet habitability, Earth-analogue 

 
25 This study received approval from the Georgetown-MedStar Institutional Review Board in June 2020.  
26 See Appendix II for table of participants’ professional affiliations. 
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environments, terrestrial extremophiles, geodynamics, and origin of life research. Some 

interviewees—although they responded to an email advertising my study as seeking to 

understand “the search for life beyond Earth” by exploring “astrobiologists’ views”—stated 

during interviews that they did not really identify as astrobiologists. One participant with a 

leading role in the Mars 2020 mission, for example, stated that they were not a “self-proclaimed 

astrobiologist.” This may be partially explained by another participant’s comment: that 

astrobiology is defined more by the questions it asks than by any particular scientific training, 

knowledge set, or discipline. Thus someone trained in sedimentary geology or photochemistry 

might apply their skills to answering one or more of astrobiology’s three fundamental questions 

(How does life begin and evolve? Is there life elsewhere in the Universe? What is the future of 

life on Earth and beyond?) (NAI 2018) without primarily identifying themselves as an 

‘astrobiologist,’ per se.  

 

Methods of Data Collection 

 

I conducted 21 in-depth interviews with these scientists over a period of three months, 

from June through August of 2020. All interviews were conducted remotely (by phone call, 

Zoom, or Google Meet) due to the COVID-19 pandemic and participants’ geographical 

distribution. Interviews typically lasted a little more than an hour, but altogether ranged from 30 

minutes to 3.5 hours.27 All conversations were recorded. Semi-structured, conversational-style 

interviews allowed me to prompt participants with follow-up questions and build rapport with 

interviewees, which led to variability in questions’ phrasing, order, and follow-ups.  

Participants were asked a variety of questions (see Appendix I for full list) designed to 

address the research question. Interview questions probed key factors that might influence 

researchers’ views on their responsibilities, risk/benefit frames, and attitudes toward planetary 

protection, including the following illustrative examples: 

 

1. What is your disciplinary background and current research? 

2. What do researchers personally think are compelling reasons to search for life beyond 

Earth?  

3. What potential negative implications or concerns associated with searching for other 

life do they think should be taken seriously (if any)?  

4. What are scientists’ attitudes toward current planetary protection policies?  

5. How should we treat extraterrestrial life if we discover it? What actions on other life 

and environments might be appropriate versus inappropriate, and why?  

6. What values, principles, or commitments guide researchers in their work? 

a. For example, what “responsibilities” do they feel they have as researchers? 

b. Can they think of a time when they felt responsibility as a scientist [in their 

work?] to act in a way that went beyond traditional scientific codes of conduct 

(e.g., objectivity, replicable methods, peer review)? 

 
27 Only one interview was cut short at 30 minutes, due to the interviewee’s schedule. Three interviews 

exceeded 1.5 hours, due to these participants’ willingness to expand on questions at length and also to 

discussions between myself and the interviewees on tangentially related topics. Allowing participants to 

speak at length, their schedules allowing, enabled me to explore certain complex issues in greater depth. 
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7. What are researchers’ views on increasing private sector involvement (e.g., SpaceX’s 

plans to put humans on Mars)? 

In addition to the 21 interviews with astrobiologists, I conducted five informational 

interviewers with individuals who were not astrobiology researchers but instead had expertise in 

areas such as planetary protection policy and philosophy of astrobiology. These interviews were 

not part of the larger dataset that I analyzed using inductive coding and exploratory text analysis 

as presented below to determine scientists’ views, but nevertheless informed the broader context 

for the study and interpretation of data (for example, an interview with a microbiologist and 

virologist focused on backward contamination helped add nuance to astrobiologists’ claims 

about backward contamination risks).  

Approximately half of all interviews were fully transcribed, either by me or a paid online 

transcription service. In order to analyze the other interviews, due to time and funding constraints 

I reviewed audio recordings to (1) mark down themes as I listened; and (2) transcribe key 

passages for further analysis and quotation.  

 

Methods of Data Analysis 

 

I relied on thematic, inductive coding and exploratory text analysis to analyze 

participants’ responses. Guided by Bernard and Ryan’s foundational Analyzing Qualitative Data: 

Systematic Approaches, in order to identify themes in interviewees’ responses I looked for: 

repetitions; analogies and metaphors; transitions; and similarities and differences (Bernard and 

Ryan 2010). By transitions I mean “naturally occurring shifts in content [that] may be markers of 

themes” (Bernard and Ryan 2010:58). Similarities and differences were noted within a 

participant’s response as well as between participants. I also paid attention to interviewees’ 

perspectives (for example based on their discipline and type of research), as these factors may 

inform their way of thinking.  

I evaluated and compared levels of perception. For example, I considered how concerned 

a participant was about forward contamination compared to another. I also evaluated and 

compared explanations for perceptions. For example, I asked why participants were concerned or 

not concerned. I looked for common patterns in what responsibilities and obligations participants 

recognized and what actions they thought would be appropriate in interactions with 

extraterrestrial life, while also remaining attentive to exceptions. To code interviews, I primarily 

employed the “cutting and sorting” approach to processing text, identifying important quotes and 

expressions (“exemplars”) and grouping them together; groups could then become themes or 

subthemes (Bernard and Ryan 2010).  

 

Analytic Framework 

 

To answer my research question,28 I focused on several key concepts, including the 

motivations for searching for life and associated concerns that scientists perceived. I assume in 

my analysis that there may be a tradeoff between these perceptions, similar to the traditional 

“risks” versus “benefits” framing. I grouped the responsibilities that researchers identified into 

three major categories: responsibility to protect and perform science, responsibility to protect 

 
28 What responsibilities and ethical commitments do astrobiologists recognize and prioritize as they 

search for life in our solar system? 
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extraterrestrial life and environments, and responsibility to society (or “social responsibility”). I 

identified the struggle to account for huge uncertainties as a common thread woven throughout 

many other themes in interviewees’ responses. Another key concept that arose was one I will 

broadly refer to as “context.” Participants’ perspectives appeared to be informed not only by 

their disciplinary background, but also by historical precedents, such as colonialism’s 

relationship to space exploration, and broad societal issues such as climate change and declining 

trust in science. Scientists do not operate in a vacuum, and it seems fair to assume, given their 

frequent reference to current and historical events, that their perspectives and opinions about 

their responsibilities and the ethics of astrobiology may be influenced by the larger social, 

political, and historical context in which they live and work. The interplay between these 

concepts is illustrated in Image I, below. 

 

Image I. Analytic Framework Visual Representation 
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RESULTS 

 

 

 

“In my view, the only recourse for a scientist concerned about the social consequences of his 

work is to remain involved with it to the end.” 

— Arthur W. Galston (inventor of Agent Orange) 

 

 

“Ethics is nothing other than Reverence for Life. Reverence for Life affords me my fundamental 

principle of morality, namely, that good consists in maintaining, assisting and enhancing life, and 

to destroy, to harm or to hinder life is evil.” 

—Albert Schweitzer 

 

 

“The indefinite projection of anthropocentric law beyond the planet Earth would be the most 

calamitous act man could perform in his dealings with the cosmos.” 

—Andrew G. Haley 
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This section is divided into three major parts. First, we will explore scientists’ concerns 

for science, which included not only the possibility of forward contamination jeopardizing result 

reliability, but also concerns over public perception and political interference. Second is 

scientists’ ethical attitudes toward and concern for extraterrestrial life and environments, which 

were nuanced and diverse but often influenced by precedents of environmental degradation and 

colonial exploration on Earth. Although not all participants advocated for environmental 

protections, the majority were sympathetic to conservation. These researchers believed we need 

to prevent forward contamination for the sake of other life and environments themselves, in 

addition to protecting scientific validity. Astrobiologists also assigned weight to motivations 

when evaluating the ethics of space activities. Finally, we will move to scientists’ understanding 

of their responsibilities in the context of their work. Astrobiologists felt responsible for 

advancing knowledge in their field and defending science generally as an institution, and for 

engaging with nonscientists and promoting inclusivity and accessibility in science. Very few 

researchers felt responsible for the possible impacts and risks of astrobiology research, and they 

viewed social and ethical issues as both distant and outside their purview. Finally, institutional 

structures and a lack of support and training for thinking about social impacts and public 

engagement factored into scientists’ views on and practices of their responsibility. 

 

CONCERNS FOR SCIENCE 

 

In order to understand and contextualize scientists’ responsibilities and commitments in 

the context of their work, it is necessary to understand their perceptions of the potential risks 

associated with astrobiology research.29 Describing scientists’ concerns is also useful in 

facilitating mutual understanding between a broad range of scientists, policymakers and the 

private sector. When stakeholder communities perceive and prioritize different risks, identifying 

discrepancies as well as common ground can assist in cooperative decision-making. 

Overall, researchers’ concerns and perceptions of risk centered on protecting science 

from forward contamination that might result in false positives; from public backlash or mistrust 

that might undermine the field; and from political interference that might supplant scientific aims 

and values. Thus, astrobiologists sought to safeguard science not only in terms of experimental 

validity, but as a social institution. Researchers displayed relatively little concern for the 

potential biological or societal impacts of astrobiological discovery on Earth, focusing 

conversations instead on how discovery (whether real, ambiguous, or imagined) could impact the 

status of science by altering scientists’ relationship to the public and politicians.  

 

Forward Contamination and Result Reliability 

 

Participants’ responses revealed that researchers are far more concerned about forward 

contamination compared to backward contamination. Participants were almost universally 

concerned about the potential for forward contamination to jeopardize scientific research (many 

 
29 As we saw in the literature, higher risk perceptions about technologies in other fields correlated with “a 

stronger sense of ethical obligation and social responsibility for” scientists’ research as compared to their 

peers (Corley et al. 2016:128). In the case of astrobiology, participants’ extremely low risk perception of 

backward contamination partially explains why so few participants expressed responsibility for its 

potential repercussions. 
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also listed the protection of extraterrestrial life and environments as a reason to avoid 

contaminating other planets, a topic we will explore in detail later). I hypothesize that scientists 

assign primacy to forward contamination for five main reasons: First, they view it as much more 

likely than harmful backward contamination;30 Second, they perceive forward contamination as 

more directly related to their research, whereas backward contamination lies outside the scope of 

their work and expertise; Third, forward contamination presents a more direct threat to the 

validity and viability of their research; Fourth, they felt confident that sample return containment 

protocols (which, I should note, do not yet exist) would be successful; And fifth, the threat of 

harmful backward contamination is hypothetical and temporally distant compared to the threat of 

forward contamination. 

Participants overwhelmingly expressed concerns related to forward contamination 

compared to concerns about back contamination. When asked if they could think of any 

significant concerns associated with searching for extraterrestrial life,31 most participants either 

replied with some variation of the response, "not really," or emphasized the need to avoid 

organic contamination of other planetary bodies (for the sake of both ensuring scientific result 

reliability and protecting extraterrestrial life). When participants addressed backward 

contamination, it was usually to explain why they believed it was unlikely to occur or unlikely to 

present a threat.32 (It is worth noting that while “Craig,” a virologist and microbiologist working 

on back contamination—not an astrobiologist—was overall optimistic about our ability to 

 
30 In a survey of Planetary Society members, life scientists and university students, MacGregor et al. 

(1998) found relatively high levels of uncertainty across all three groups concerning the survivability of 

life off its home planet, and concluded that these perceptions “are possibly poorly formed and potentially 

labile” (MacGregor et al. 1998:4).  
31 Question: Are there any potential negative implications or concerns associated with searching for other 

life that you think should be taken seriously?  
32 This finding aligns with similar studies of nanotechnology. For example, when Powell (2007) asked 

upstream scientists about “potential public risks,” most participants explained why risks would probably 

be low (e.g., “because nanomaterials are currently being produced in very minute quantities” and because 

products containing nanomaterials “are not likely to be on the market in the near future” (Powell 

2007:179). This echoes my participants’ tendency to explain why back contamination was low risk. 
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contain samples, he did offer some caveats; see footnote.33)34 Some researchers insisted that even 

when bringing extraterrestrial samples back to Earth, “the main reason for isolating them is to 

keep Earth from contaminating them"35 (emphasis in original). “I think as big a driver as 

protecting the planet is,” another participant told me, “protecting the samples from the planet 

probably is an equal part of the equation.” 

Researchers’ prioritization of forward contamination was underscored by what I term ‘the 

pivot,’ a pattern in participants’ responses whereby they touched briefly on back contamination 

(typically to explain its low likelihood) before shifting the conversation to forward contamination 

and why it was more probable or important. The following quotes from three different 

participants demonstrate this redirection:  

 

"My understanding of the science is that anything that we might be bringing back to 

Earth is not gonna be something that escapes from the lab and causes havoc [...] it would 

have no idea what to make out of our biochemistry. I would worry more about 

contaminating Mars [...] it's like this thing you were trying to look for, some kind of 

unique biochemistry now has our biochemistry slobbered all over it, and so that's [...] the 

more likely scenario that we're trying to mitigate."36 [emphasis is mine] 

 

"Now we have in—I don’t know how fast, 10 years, 12 years—samples coming back 

from Mars, and so we have to be prepared for that and not ignore the possibility of, or at 

least the rules of planetary protection. I think it’s relatively important [...] but what is 

maybe more important than the return sample toward us is when we go to a planet, and 

 
33 While BSL-4 labs containing deadly pathogens have not ‘collapsed,’ human error has led to plenty of 

pathogen releases, even from agencies fully dedicated to biosafety and biosecurity. And, in the case of 

extraterrestrial sample return, “we’re starting from a place of no knowledge,” said Craig. “And that’s 

different from the other challenges in biocontainment that we’ve ever faced.” Craig continued: “I’m not 

fully confident that we’ll be able to determine what samples pose a risk. Because we don’t have any idea 

what ‘biology’ means off of the Earth. [...] If we recognize that something poses a risk, I am confident 

that we will be able to contain it. We have very bad pathogens on Earth, currently, and we are able to 

work with all of them. [...] I think that if it’s a recognized risk, that we will be able to develop the 

infrastructure and the procedures to study it in a way that doesn’t put the researchers or the community at 

risk. But then the caveat to that is: we have releases from laboratories on Earth all the time that injure 

people [such as anthrax in 2014 in the United States and Brucella in 2020 in China]. [...] As more and 

more of this gets done, it becomes more and more likely that there will be a catastrophic failure. And 

hopefully that won’t be a problem because we’re dealing with samples that cost so much to return. But I 

will just say that we know exactly how to do biocontainment, we know exactly how to do sample-

restricted programs […] but still, every couple years there’s a really bad event.”  

 

This is not to mention that in dealing with return missions in the past, biocontainment plans and protocols 

have been severely breached (famously, in the return of Apollo astronauts from the Moon, when the 

return capsule was opened in the ocean). 

 
34 Some experts (DiGregorio 2001) argue against any Mars sample return at all, believing the risks of 

introducing alien organisms to Earth outweighs the scientific value (DiGregorio, in fact, is the founder 

and director of the International Committee Against Mars Sample Return). However, this is a fringe 

position. 
35 See Appendix III exhibit D for a more complete quotation. 
36 See Appendix III exhibit A for a more complete quotation. 



35 
 

not deposit there life that then we discover, saying we have found life on Mars when we 

have only found our life."37 [emphasis is mine] 

 

“I don’t think there’s a high risk of backward contamination. [...] we would need to be 

very careful, obviously, but [...] I am more concerned with contaminating the sample 

than contaminating Earth. In terms of the forward contamination, I mean that is a big 

issue.”38 [emphasis is mine] 

 

These results do not necessarily imply that participants view forward contamination as 

more ‘important’ than back contamination, or that they are more dedicated to advancing 

knowledge than to protecting the Earth and its inhabitants. The safer and more likely conclusion, 

based on interviews, is that astrobiologists afford more attention and more weight to preventing 

forward contamination and to thinking about the risks it poses because (1) they believe it is 

much, much more probable than back contamination and (2) forward contamination is more 

directly related to their research and is more directly within the scope of their work. Participants 

often used phrases such as "I know there are people working on it" (referring to back 

contamination), revealing that they view planetary protection of the Earth as outside their 

purview and have confidence somebody else is managing the risk. This finding is reflected in 

studies of nanotechnology researchers. For example, although no upstream research scientists in 

Powell’s (2007) study expressed concern over risks that nanotechnology might pose risks to the 

public, participants believed the concerns they did have should and would be addressed by 

regulatory agencies (Powell 2007). 

Another factor that might contribute to participants’ disregard for backward 

contamination39 compared to forward contamination is its temporal distance and theoretical 

nature; even if the NASA Mars Sample Return mission goes to plan, an interplanetary sample 

will not arrive on Earth for another decade or so. As one planetary science postdoc (who focuses 

on theoretical modelling) said to me:  

 

"Mostly my feelings and thoughts about Mars sample return are, like, cautiously 

optimistic. And I don't really think of other problems, because I don't even know if it will 

happen [laughs] [...] Sample return from Mars is in that space of my mind that's like, that 

would be a dream, and somebody make it happen. And I don't really think about the 

problems." 

 

 
37 See Appendix III exhibit B for a more complete quotation. 
38 See Appendix III exhibit C for a more complete quotation. 
39 Another possible explanation for an absence of feelings of responsibility is that many of my 

participants may not have worked on projects with (immediate) practical applications before. Corley et al. 

(2016) hypothesize that for nanotechnology researchers, “ university researchers might be less likely than 

industrial researchers to translate their research outcomes into practical applications” due to greater “time 

delays for academic discoveries to” manifest in practical and commercial applications”  social 

responsibility for research than scientists working in other environments (such as industry)” (Corley et al. 

2016:116). The authors speculate that this temporal distance or lack of familiarity could contribute to a 

“weaker sense of social responsibility for research than scientists working in other environments (such as 

industry)” (Corley et al. 2016:116). 
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This quote suggests that sample return may be too distant, vague, and precarious of a 

possibility for most researchers to focus on potential negative impacts. Although sample return is 

not entirely novel—natural ‘rock swapping’ has occurred between Mars and Earth in the past, 

and Apollo missions have returned equipment, lunar materials and people from the Moon—

scientists’ familiarity with back contamination scenarios is minimal compared to the multiple 

Mars landers and rovers40 which have risked contamination of the Red Planet to varying 

degrees—and which, in the case of Viking, may have sensitized scientists to the importance of 

result reliability.  

Finally, unlike forward contamination, back contamination is not a contentious issue for 

astrobiologists; even those scientists who think harmful back contamination is extremely 

improbable have no reason to oppose the careful management and quarantine of samples 

returned to Earth. At most, caution and containment may slightly delay researchers’ access to 

samples, but would not limit or interfere with their research (as some perceive forward 

contamination-oriented planetary protection policies to be doing). On the contrary, as 

demonstrated by participants’ assertion that their main motivation for isolating samples would be 

to prevent the Earth from contaminating the samples, part of the impetus behind planetary 

protection policies surrounding even back contamination is to protect the science itself. Because 

it does not threaten to interfere with their scientific practices, astrobiologists have little reason to 

worry about backward contamination and the policies surrounding it. Thus, participants 

overwhelmingly focused on the threat of forward contamination to their research and emphasized 

its likelihood and importance over the risk of backward contamination. 

 

Public Perception 

 

Although worries that forward contamination might compromise scientific integrity or 

harm extraterrestrial life (more on that later) dominated participants’ discussions of risk, the 

legitimacy of discovery in terms of public perception posed another concern; a small number of 

scientists prioritized concerns for science itself even beyond the risk of forward contamination. 

These participants worried that a false positive result (the purported detection of extraterrestrial 

life later shown to be Earth life or other contamination, for example), or even poor 

communication about a negative or ambiguous result, could erode public trust in science, thus 

jeopardizing support and funding for astrobiology research. As Cameron, a planetary scientist at 

a public university whose research centers on exoplanet habitability and remote life detection, 

reflected: 

 

“I think that the potential negative consequences of a claimed detection of life elsewhere 

that turns out to be false could damage public enthusiasm for the search for life and it 

could erode the trust in scientists in general. [...] And then you risk the source of 

ultimately the funding that scientists have which is the public."41 

 

A false positive result due to contamination, he continued, "would negatively affect my 

field, it would negatively affect my science...the perception of it, certainly. And so I would like 

 
40 NASA’s Viking 1 and 2, Pathfinder and Sojourner, Spirit, Opportunity, Phoenix, Curiosity, InSight, 

and of course, most recently, Perseverance. 
41 See Appendix III exhibit E for a more complete quotation. 
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to do what I can to avoid that." (Cameron made it clear that the erosion of public trust is his 

greatest worry surrounding astrobiology research not because it would be “the most objectively 

harmful” outcome, but because he believes it is the most likely of the possible harmful 

outcomes.)42  

In many participants’ views, forward contamination is connected to potential public 

backlash; contamination could not only cause a false positive result in an experiment, but could 

permanently damage the reputation, credibility, and potentially the viability of the field. One 

possible explanation for this hierarchy of concern, related to its perceived probability, is that 

unlike destructive forward or backward contamination, erosion of trust and funding backlash for 

astrobiology has already come to pass. Cameron noted that an erosion of trust resulting from 

false claims has already happened in the past. Other participants specifically referenced the 

Viking missions’ impact on the astrobiology field. “Floyd,” for example, argued that because of 

Viking (NASA’s first and only extant life detection missions, which produced infamously 

ambiguous, contested results), NASA no longer runs missions “that solely only [have] life 

detection instruments. [...] So yes, for sure, [an ambiguous result] would definitely affect public 

trust in science.”  

In addition to the concerns over diminished public trust and funding associated with a 

false positive or ambiguous result, some other participants worried that, due to already existing 

distrust43 in science and/or belief systems that don’t align with an astrobiological universe, 

"people won’t believe" even "a widely accepted, valid scientific result." A chemical 

oceanographer and assistant research professor at a public university told me that people might 

disbelieve the results of astrobiology experiments if findings about other life conflicted with their 

religion or culture. The discovery of life elsewhere could therefore “erupt” into “skepticism,” 

“criticism,” and “doubt,” she said.44 A geomicrobiology postdoc at a non-profit research institute 

answered the question, “Are there any potential negative implications or concerns associated 

with searching for other life that you think should be taken seriously?” as follows (once she had 

addressed forward contamination and false positives): 

 

 
42 “I think [that would] not necessarily [be] the most objectively harmful thing to happen, but the most 

likely harmful thing to happen. And the other...I think the second most likely possibility is that we 

contaminate an alien environment with an Earth organism and therefore lose out the chance of studying 

that environment and I think that—in its natural state—and I think that that is dangerous for solar system 

exploration [...] that environment may ultimately be lost to posterity. [...] And then I think the least likely 

scenario is that there’s something that could be—but not zero probability scenario—is that there's 

something that could back contaminate us. [...] And so [that is] something that I think we should take 

seriously, although it's probably much more unlikely than the first two scenarios I mentioned.” [See 

Appendix III exhibit 1 for a more complete quotation.] 
43 In a survey of Planetary Society members, life scientists and university students, Race and MacGregor 

(2001) found that all three groups trusted NASA to successfully carry out a Mars sample return mission 

and that the large majority of Planetary Society respondents had confidence that NASA would 

“accomplish planetary protection goals.” The study found that “the lowest levels of trust for all three 

groups were with regard to risk management and risk communication… The relative skepticism and 

distrust that all three surveyed groups appeared to show for NASA’s abilities to deal with public issues 

can be looked upon as reflective of the general public distrust of government and industry in managing 

risk issues in society” (MacGregor, Race, and Slovic 1998:7). 
44  See Appendix III exhibit 3 for a more complete quotation. 
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"[As for] negatives in terms of getting a valid, a widely-accepted, valid scientific result, 

is: I think people won’t believe it? For whatever reason they have for not believing in 

science or not believing in research [laughs] [...] But, coming from my perspective it's 

hard to see, like, I'm not going to have my views on the world completely shifted."45 

 

Instead of worrying about a false positive’s erosion of public trust, these researchers are 

concerned with the reverse: that due to existing skepticism of science and incongruous religious 

beliefs, the public will reject even a legitimate, positive result.46 Both views reflect 

preoccupation with the relationship between ‘science’ and ‘society’ (specifically surrounding the 

legitimacy of discovery). Instead of concentrating on the potential impact of scientific discovery 

on society, some researchers highlighted how discovery, real or imagined, might negatively 

impact science itself via public perceptions.  

  

Political Interference 

 

Researchers also expressed worry over political involvement consequent to the discovery 

of life. From these participants’ perspective, political motivations, maneuvering or interference 

threaten to supersede more noble scientific goals. As "Kennedy," a former NASA astrobiology 

researcher with a background in astrophysics (now a teaching professor), remarked: 

 

“Where it gets iffy is that whenever there's huge amounts of money being spent in an 

endeavor like this, it invariably gets political. [...] Anthony Fauci or one of those guys, 

said, ‘Science plus politics equals politics.’ And it's so true. Or maybe even better is: 

science times politics equals politics, and politics being zero. And it's true, it's so true. 

And I think that as soon as you dump the amount of money into the problem, it's... Yeah, 

that's gonna be where this whole show goes. So I get a little worried, not so much 

because of the scientists, but because of... just the ecosystem in which the science has to 

thrive.” 

 

Kennedy’s statement reveals the idea that politics functions as a limiting, negative 

influence on science. “Taylor,” a geophysicist employed at a nonprofit research institute, 

reported her frustration with political leaders’ “short-sighted and one-sided” decisions and her 

concern that the human tendency “to try to conquer” might never “be taken out of people, no 

matter what perspective that science can bring to things [...] we don't wanna ruin this potentially 

most important discovery ever by just not taking the time or being politically motivated to do 

it.”47 [Emphasis is mine.] Thus some participants viewed politics as a danger or threat to 

astrobiology, worrying that political involvement could steer the course of discovery or our 

reaction to it for the worse. "Riley,” a JPL geologist and sedimentologist on the Mars 2020 

mission whom I spoke to just days before the launch of Perseverance, said she was concerned 

about planetary protection efforts because the planetary protection office is “a part of NASA, 

which is staffed by political appointees and it's subject to the whim of the US Government and 

 
45 See Appendix III exhibit 2 for a more complete quotation. 
46 We might even view the latter concern as a later stage progression of the former; whereas some 

participants feared a false positive could create distrust, others think there is already enough distrust to 

erase or alter the impact of scientific findings. 
47 See Appendix III exhibit 4 for a more complete quotation. 
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the administration.” Therefore, she reasoned, it “is not this independent body who is thinking 

about what's best for our life and that life, independent of the current political climate or 

perspective.” Riley continued: 

 

"I would be concerned that if we were to make a discovery of life elsewhere, that 

planetary protection would be subject to the same whims and perhaps alternative facts 

and that type of thing that we've seen other [government] institutions fall prey to. [...] 

And I can guarantee that if you said, ‘Oh, the scientists will take care of this’ [chuckle], 

the minute this discovery actually got made, you can bet that the scientists are gonna get 

booted to the side and the politicians are gonna come in. Cough, cough, coronavirus. [...] 

So I think we could optimistically say, ‘Yes, let's have these kinds of decisions and 

regulations and guidelines be scientifically motivated,’ but it just feels like at the end of 

the day, given the way our world works right now, that it would end up being primarily 

politically-driven.”48  

 

Based on the “degradation” of government institutions under the Trump administration, 

this NASA scientist feared that planetary protection won’t necessarily “get the job done” because 

it is subject to “political influence” and “whim,” i.e., non-science. Political involvement was 

viewed by some participants as bound to result in unideal (i.e., unscientific or unethical) space 

exploration and/or in an irresponsible or needlessly aggressive response to the discovery of life 

(such as a fear of extraterrestrial life that might lead to calls for its destruction). In this view, 

science needs to be protected and insulated from the political context it operates within in order 

to achieve its more noble aims (because ‘politics’ is guided by impure motives). 

This stance also conveys concern on behalf of science and scientific inquiry itself. 

Although science and society are of course not in fact separate spheres, a small number of 

researchers worried that political involvement and influence, especially in the event of an actual 

discovery, would override scientific (and potentially ethical) concerns. As with concerns about 

the legitimacy of discovery, their responses reflect a fear about the relationship between 

scientists and nonscientists—but this time, centered on the relationship with politicians and 

policymakers rather than the public.  

 In this section, we have found that researchers: prioritize the risks of forward 

contamination over backward contamination; are concerned about the legitimacy of discovery 

and the relationship between scientists and nonscientists (specifically, the public and politicians); 

fear that political involvement may obstruct scientific aims and violate scientific values; and are 

relatively unconcerned about the biological or societal impacts of astrobiology and discovery on 

Earth (because they barely mentioned them). However, many participants did worry that 

exploration could threaten extraterrestrial life itself. This brings us to our next section, which 

explores astrobiologists’ views on the ethics of interacting with extraterrestrial life and 

environments. 

 

ETHICS & EXTRATERRESTRIAL ECOSYSTEMS 

 

Historian Steven Dick (2018) identifies three major questions, which he calls 

“representative problems,” arising from the discovery of microbial life: (1) how to prevent 

 
48 See Appendix III exhibit 5 for a more complete quotation. 
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forward and back contamination, (2) what course of action to take if and when scientists discover 

extraterrestrial microbial life, and (3) determining “the ethical and philosophical issues 

underlying decisions that will have to be made about the intrinsic or instrumental value of 

microbes” (Dick 2018, pg. 275). This section investigates astrobiologists’ views on the third and 

most nebulous question. 

 There is a fundamental disagreement over what planetary protection is trying to achieve 

in the first place: What is ‘harmful’ contamination? Who or what can be ‘harmed,’ who or what 

is worthy of protection, and at what cost? It is in negotiating the answers to these thornier 

questions that the ethical status of extraterrestrial life (ET) and environments must be addressed. 

 

 Participants generally advocated for an unintrusive, observational approach to interacting 

with extraterrestrial life (at least in the early stages of contact) and for avoiding the extinction of 

extraterrestrial species. Some also advocated for the protection of extraterrestrial environments. 

This section outlines researchers’ views on these issues and explores the ethical commitments, 

values, and perspectives that led astrobiologists to these positions. Although scientists could be 

divided broadly into categories of those who believed extraterrestrial microbial life and 

ecosystems would have intrinsic value and those who believed it possessed only instrumental 

value, this distinction obscures the variety of participants’ positions on the moral standing of 

extraterrestrial life and the morality of human interaction with ET, as well as the complexity of 

their reasoning processes. 

I identified four major groupings of participants’ views on extraterrestrial life and 

environments (as usual, the categories were not mutually exclusive and overlap was common). 

First was the belief that life and/or environments warrant protection and respect on their own 

merit. Second, ecosystems should be protected in order to preserve their scientific value and 

other benefits to humans. Third, some participants underscored the difficulty of predicting the 

impacts of our actions on environments, and humanity’s legacy of altering environments in ways 

that later undermine our own aims and wellbeing (perhaps suggesting a precautionary principle). 

When speaking about life, however, researchers were more likely to emphasize concerns about 

malintent than unpredictable consequences. Fourth, scientists emphasized that life and 

environments may be indistinguishable in terms of impact; it is difficult to alter environments 

without also altering life, and vice versa. Two themes permeated participants’ responses in all 

these categories: the cautionary tale we should take from precedents of environmental 

degradation on Earth, and the idea that environments are inextricable from life and other entities 

that humans may value.  

Several other patterns of interest emerged. Some participants doubted our ability to ever 

confidently declare a planet uninhabited, further questioning a meaningful separation between 

extraterrestrial life and environments. Still others emphasized the importance of motivations and 

intentions in judging the morality of our actions on extraterrestrial ecosystems.  

Three major themes influenced astrobiologists’ stances on what might constitute ethical 

treatment of extraterrestrial life and environments: social and historical context or precedents of 

human relationships to other life, environments, and peoples; the evolutionary and ecological 

context of the life itself; and the scientist’s own disciplinary background and scientific 

experiences.  

 

Scientists’ concerns for ET, and instrumental vs. intrinsic value 
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Several participants identified the extermination or exploitation of extraterrestrial life as a 

major concern associated with astrobiology research. When asked about potential negative 

implications or concerns associated with searching for life elsewhere, one planetary science 

postdoc replied: “...instinctively, my fear would mainly be for the other life. [...] You wouldn’t 

want to introduce an invasive species and just ruin [...] just wipe out whatever is left of Martian 

life.”49 In this scenario, destruction of life beyond Earth would occur accidentally through 

forward contamination. But several participants’ fears for ET extended beyond the risk of 

inadvertent contamination to include deliberately inflicted harm or wanton disregard. These fears 

were most often based on observations of human behavioral tendencies and historical precedents 

such as colonialism, climate change, and fear of the Other/unfamiliar. For example a participant 

who specializes in geology and geochemistry remarked that the fear that other life, even 

microbes, might destroy us means that “if we find life, there will always be people whose answer 

to that life will be destruction.” A student pursuing a PhD in astronomy and planetary science 

worried that “protecting [extraterrestrial] life is going to be hard, because it seems like people are 

going to want to exploit life that's not from Earth,” and “Jessie,” another geologist and 

geochemist studying analogue environments, gave the following response to my question about 

concerns or negative implications associated with astrobiology research: 

 

"I think that the negative implications are that we humans may not be respectful of other 

life or of other environments, and we may feel superior to it [...] we already have a 

tendency to feel like we are the superior life forms, right? And I think that can cause a lot 

of damage. [...] My concern is then, if we're not respectful and we don't have a sense of 

humility in this kind of search for life elsewhere, then it would be easy for us humans to 

destroy life and environments on other planets." 

 

“Riley” also feared that a darker side of human nature—which has surfaced throughout 

history in encounters with ‘the Other’—might dominate in our struggle to come to a species-

wide decision about how to interact with extraterrestrial life. That might lead humans to control, 

harm, or even eliminate life beyond Earth.50 “Human beings,” she said, “Particularly some 

subsets of human beings, don't have a great track record of respecting life elsewhere, or life that 

is different from their own.”  Riley continued: 

 

“It would require a lot of organization between each other and ourselves to come up with 

a response that was respectful and not giving into our typical response when we find 

something new that we don't understand. [...] Again, I just feel like there's so much 

precedent in the past history of the human species where our fears overcome our good 

intentions, and I suspect that is exactly what would happen if we found life elsewhere in 

the solar system or universe."51 

  

 
49 See Appendix III exhibit 6 for a more complete quotation. 
50 "In some ways I'm kind of pessimistic about this, to be honest. Because human beings, particularly 

some subsets of human beings, don't have a great track record of respecting life elsewhere, or life that is 

different from their own. And that's true within the human species. And so we seem to have, and maybe 

this is due to our, what we perceive as our superior intelligence or something, or maybe this is the con that 

comes with that, is that we have this desire to conquer and expand and take over." 
51 See Appendix III exhibit 7 for a more complete quotation. 



42 
 

Riley drew the connection between climate change and planetary exploration pithily: “I 

do think I have moral issues with ideas of exploiting resources [including life] on another 

planet,” she said, “when we haven't figured out how to use resources on our own planet in a 

sustainable way. And in that sense, it just... It's hard to look at us as anything other than a 

parasite." [Emphasis is mine.] 

 Guided by past and present examples of human disregard for other life, fear of the 

‘Other,’ and noxious feelings of superiority as well as the failure to cooperate on current global 

challenges like climate change, participants voiced concern for protecting extraterrestrial life 

from humans. These responses suggest another potential reason researchers privileged concerns 

for extraterrestrial life and forward contamination even over backward contamination of the 

Earth: the predominant pattern of history—or at least, the predominant pattern of historical 

narratives today—rarely punishes the explorers themselves. Instead, it is typically indigenous 

peoples as well as indigenous ecosystems and environments that have borne the costs of 

exchanges of people, pathogens, technologies, and invasive animal and plant species introduced 

by the arrival of outsiders. Perhaps this narrative, regardless of its holistic accuracy, contributes 

to the perception that humans, as the party taking initiative to explore other planets, face less risk 

compared to potential indigenous life beyond Earth.  

Influenced no doubt by these concerns, a large number of participants agreed that 

extraterrestrial ecosystems require protection and that if extraterrestrial life were detected, further 

exploration should proceed with extreme caution; researchers said that we should "settle on the 

side of monitoring unobtrusively," "just try to get data remotely from it" (as opposed to 

sampling), "[study] life in the least destructive way possible," and "take a kind of hands-off 

approach." "Unless there’s some extremely compelling need," said one participant—for example, 

"if the human species was on the verge of destruction and there was some mineral that could 

save us" on another planet—then "I would lean on the side of more passive observation, like 

non-destructive, non-invasive observation." An equal number of scientists expressed that humans 

should not drive extraterrestrial life (even microbial life) to extinction, even though some of 

these same scientists saw studying and destroying individual organisms as acceptable or 

necessary parts of research.  

However, participants arrived at these conclusions through different reasoning. Some 

researchers felt that microbial (and therefore, they assumed, non-sentient and non-intelligent) life 

beyond Earth would have instrumental value to humans, but no intrinsic value of its own. 

Therefore if life is microbial, this camp believed, preserving scientific knowledge—and, in some 

cases, even practical or economic benefits that might derive from extraterrestrial life52—would 

be the only ethical issue at stake in forward contamination. This view may be best represented by 

 
52 For example, one participant who pointed out that the process of scientific research and discovery often 

yields practical benefits made an analogy to a biodiversity hotspot on Earth: "Whenever we go...when we 

think about medicines, we think about reasons for example [for] preserving the Amazon Rainforest, one 

of the reasons that’s often given—well there are compounds, you know there are chemical compounds out 

there that are probably produced by some species in that forest that we haven’t discovered yet that may 

have practical benefits that will save people’s lives. Well when you’re thinking about biological 

machinery that may have independent origin, you know potentially that has a vast amount of practical 

benefits that we can’t begin to imagine right now. Not to mention the whole classes of compounds maybe 

that we don’t know of. And so I think it’s pretty clear that there’s a potential benefit, both in practice and 

of course the intangible benefit of filling in the stories about humankind’s place in the universe." 
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the following quotation from Taylor, a geophysicist operating a laboratory at an independent 

research institute:  

 

“I don't think microbes have rights. So if they're not gonna kill us then yeah, I guess I'm 

too much of an explorer there. I think we should study the heck out of it before we go and 

destroy it, but we may end up having to destroy it just because I wanna explore doing 

[sic] new places.”53  

 

In Taylor’s view, a population of Martian microbes would someday outlive their 

scientific usefulness, at which point other activities (such as human exploration, or perhaps 

economic activities) should take precedence over their survival. Like every astrobiologist I 

interviewed, Taylor prioritized preventing forward contamination. However, this quotation 

represents a very particular rationale for doing so: preserving information for human benefit. 

(This is also the reason currently given by COSPAR for planetary protection, i.e., the official 

justification for planetary protection policies.) A small number of participants were likewise 

relatively unconcerned for extraterrestrial environments (devoid of life). A geophysicist at an 

independent research institute told me: 

 

“I never really had ever thought about [this question] and yeah, I was fine, yeah, messing 

with these extra-terrestrial environments and the whole... I mean there are some very 

beautiful places on Mars that you could set up a national park or something like that, but 

yeah, I couldn't find any reason to have considerations for most of that stuff.”54 

 

However, far more researchers believed that life and environments should be protected. 

For moral or philosophical reasons, researchers in this camp went beyond concern for the fate of 

ET and voiced the belief that extraterrestrial ecosystems and communities have intrinsic value 

and merit respect; humans should be stewards of these environments rather than altering or 

interfering with them in any meaningful way, sometimes even at the expense of science.55 56 One 

 
53 See Appendix III exhibit 8 for a more complete quotation. 
54 One participant, while advocating for a balance (astronauts might build a habitat on another planet, he 

said, but should not go around defacing its craters), remarked that there could be something positive about 

altering extraterrestrial environments beyond immediate economic or practical value: leaving a mark on 

our surroundings as proof of our existence or importance. He explained: “There's a whole aspect of space 

exploration which is very rooted in almost nostalgia [...] You know we almost want to leave a mark out 

there that says ‘we are here, we once existed!’ to whoever will find it. [...] [People might say] ‘you're 

littering, you're littering the cosmos.’ But at the same time, it's wonderful, it's like a little token of our 

existence. [...] There's always a balance, and I don't mind the nostalgic part as long as it doesn't run wild 

with defacing natural artifacts...” 
55 Though, participants disagreed on what actions and outcomes might qualify as unacceptable harm. 
56 However, it is worth noting that thus far, protecting extraterrestrial life from contamination aligns with 

the aims of—is, in fact, necessary for enabling—scientific progress. Multiple participants told me that due 

to low detection limits, their cleanliness requirements went above and beyond official regulations. This 

finding is corroborated by a 2019 NASA Planetary Protection Independent Review Board report, which 

found that “for many of NASA’s scientifically driven planetary exploration missions to astrobiologically 

relevant targets, scientific cleanliness requirements often exceed PP [planetary protection] bioburden 

requirements” (NASA Planetary Protection Independent Review Board 2019:10). For example, one of my 
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researcher said that if “there is this extraterrestrial ecosystem, I feel like it behooves us to have a 

certain level of respect for that and to not just trample all over it [...] we owe respect to that 

environment.” A postdoctoral researcher reported that “personally, and this is just completely 

subjective, I would put a moral value on not [wiping out Martian life],”57 and “Floyd,” who is 

pursuing a PhD focused on biosignature detection and holds an undergraduate degree in geology, 

explained:   

 

“I think that studying [even microbial] life in the least destructive way possible would be 

appropriate. I don't think killing off a species—I think we just have to [be] very, very 

cautious [...] And we don't know the impacts of what we're going to do until we do 

something that has a huge impact. And so if we remain really restrictive in what we can 

and can't do, yeah, it will be limiting in terms of our knowledge, but it will also help 

preserve the function and how the planet is supposed to be in that biosphere…” 

 

Implicit in their words is the value they place on preserving a planet or biosphere 

(relatively) free from human interference—“how the planet is supposed to be.” For Floyd and 

several other participants, maintaining the integrity of another biosphere is worth limiting even 

scientific exploration to an extent. (Floyd’s response also demonstrates a concern for 

unpredictable cascading effects that might result from the destruction of a species, altering the 

nature of a biosphere beyond a single population.) 

"Francis,” a research scientist at a non-profit research institute, has a background in 

biology, geology, aquatic ecology and limnology. His response offers another example of 

scientists’ moral commitments to extraterrestrial life: the Carl Sagan approach. “If we find out 

that there's actually Martians on Mars, we have to leave it to the Martians,” said Francis. He 

expanded: “if we discover that there's an indigenous life on Mars and it's still active, then [...] we 

need to really step back and think about what we're going to do with Mars, you know, and that 

life; it’s a precious commodity, and Mars has rights.” 58 

 

Although Francis wasn’t willing to totally abandon scientific exploration and sampling 

for the sake of noninterference in another biosphere (“I think the only way we could really end 

up studying it would be to bring it back and look at it,” he said), he maintains that where there is 

indigenous life, we should avoid large-scale interference with a biosphere. 

Other scientists said that preserving environments and avoiding contamination is 

important for the sake of science or human needs and enjoyment, if not for the sake of life itself 

(for example, these landscapes may be a source of natural beauty or have other instrumental and 

practical values we cannot predict). For example "Kennedy," a former NASA astrobiology 

researcher who is now a teaching professor, explained:  

 

"If Mars is found to have an ecosystem, I think then we do have kind of a responsibility 

to tread very, very lightly and to be really careful with it, because again, it's like a natural 

laboratory, a natural environment that we can't afford to screw up." 

 

 
participants related: “My measurements are so good that my criteria for cleanliness are actually BEYOND 

the planetary protection criteria.” 
57 See Appendix III exhibit 9 for a more complete quotation. 
58 See Appendix III exhibit 10.5 for a more complete quotation. 
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"Parker," a now-retired professor and researcher of geodynamics and geophysics, 

explained that “you don't wantonly just destroy things” for practical reasons:  

 

“Conservation is kind of [a] wise use of that resource. A vast number of organisms have 

been destroyed on the Earth and often the destruction has resulted in almost zero benefit 

even to the people doing the destroying. [...] You destroy something that contains this 

huge amount of scientific information, a lot of which is going to be useful for biotech, 

and gain nothing out of it—it seems silly.” 

 

Thus the view that potentially habitable environments beyond Earth are precious 

opportunities for science, discovery or exploitation often resulted in researchers’ preference for 

relative noninterference and caution; intrinsic ethical value is by no means the only path to 

protection. As Steven Dick writes: 

 

“…just because things are not granted moral status does not mean they cannot be 

protected under special circumstances, including our ecological entanglement. Moreover, 

moral status should not be confused with scientific importance. The discovery of a blade 

of grass on Mars would be the greatest discovery in the history of science, one well worth 

protecting. But it does not necessarily follow that the blade of grass should be found to 

have intrinsic value and granted moral status.” (Dick 2018, p. 246) 

 

Thus participants offered diverse approaches to the moral standing of extraterrestrial life. 

While some valued life and environments in and of themselves, others focused exclusively on 

human utility. Thus while participants were universally concerned about contamination 

jeopardizing result reliability in the search for life, for many of them, preserving extraterrestrial 

life for its own sake presented an additional motivation to protect against forward contamination. 

 

Ecosystem Ethics: Breaking from a troubled past? 

 

Lumping participants into two groups—those who think ET microbes should be protected 

for reasons beyond their utility, and those who don’t—belies much of the complexity in what 

researchers considered an appropriate, ethical approach to interactions with extraterrestrial life. 

For example, a divide emerged between astrobiologists who thought the natural, correct and 

consistent approach would be to extend existing Earth-based (bio)ethical frameworks and other 

protocols to extraterrestrial life, and those who sought to break with existing precedents of 

exploration. The latter group frequently referenced negative instances of human interactions with 

other communities and ecosystems to make their point. Another group of researchers critiqued 

the conclusions of their colleagues who advocated for ‘consistency’ with Earth protocols based 

on their potentially faulty underlying assumptions of the argument. 

A few participants explicitly projected existing ethical frameworks for biology research 

onto extraterrestrial life. The most common conclusion scientists drew from Earth-based ethics 

and regulations was that while complex life may require consideration, microbes would not. 

“Examining, destroying a cell in order to learn about it, I don't think is unethical, just as we apply 

that same reasoning to life on Earth,” said Cameron. “[And] when scientists examine life on 

Earth, the ethical framework depends strongly on the complexity of that life and its ability to 

perceive pain.” Likewise Brian, a planetary science postdoc, said that “we have to look at what 



46 
 

we're okay with doing here on Earth.” Offering the caveat that he was not a biologist, Brian 

pointed out that biologists experiment “on a lot of different creatures from microbes to monkeys 

and everything in between” without moral issue. “I think that whatever moral standards we have 

for running those experiments on biology on Earth,” said Brian, “we should probably have the 

same standards for running experiments on exobiology.”59 

 Cameron and Brian believe how we treat life beyond Earth should align with how we 

treat life on Earth, particularly in terms of privileging more ‘complex’ organisms. It is worth 

noting that both of these scientists study exoplanet atmospheres in other solar systems; they are 

not biologists and do not work directly with organisms or ecosystems. But another participant, 

Francis, contended that some microbes do have rights—or at least protections—on Earth. Francis 

conducts field research in protected Earth analogue environments, has a background in aquatic 

ecology, and argued that Mars should be left to the Martians (if they exist). When I repeated to 

Francis the argument submitted by Cameron and Brian as well as authors such as Dick (2018), 

Smith (2009), and Zubrin and Wagner (1996) — ‘If microbes don’t have rights on Earth, why 

should they in space? Isn’t that inconsistent?’— he insisted:  

 

"That's not true, that's not true. We—but that's not true, we do. You go to specialized 

environments here on Earth, and they’re protected. You go to a place like the McMurdo 

Dry Valleys, and there's—or contamination issues that you have to deal with before 

you're allowed to go do work there. [...] I mean the whole environmental protection work 

that we've been doing in this country for decades is, the basis and all that, the whole 

notion of preserving species, the Invasive Species Act, things like that, that all falls right 

into it, same thing. It's the same ethical guidelines that lead you in that direction."60 

 

In other words, depending on your perspective, a commitment to consistency between 

Earth-based ethics and regulations can lead to a different conclusion than ‘microbes don’t have 

rights.’  

For scientists, this perspective appears to be informed by disciplinary background and 

research practices. Whether a scientist frequently interacts with delicate ecosystems, ‘exotic’ 

lifeforms, and their consummate protections on Earth influences their perspective on what the 

Earth-bound status quo looks like in the first place (a topic we will return to later). Some non-

biologists and non-ecologists, however, still found a way to think outside the box. A chemical 

oceanographer and assistant research professor, for example, (who primarily works in the lab, 

not the field) took another approach to discrediting the notion that a lifeform’s small size 

necessarily confers simplicity or a lack of moral standing: in addition to the dubious validity of 

extending the size-complexity correlation we believe exists in our own biosphere to other types 

of life, researchers on Earth are already developing microscopic and nanoscopic entities capable 

of extremely complex behavior.  

 

“[We] have nanotechnology that is capable of doing vast arrays of algorithms. And we're 

at the forefront right now where we're trying to put these two together, nanotechnology 

with microscopic life. Who's to say that there's not microscopic life that are doing what 

we're doing as humans on a nano scale? [...] [We should] not draw lines on, like, how big 

 
59 He added:  “...And then maybe finding exobiology will really make us question our assumptions about 

what is okay to do with life on Earth.” 
60 See Appendix III exhibit 11 for a more complete quotation. 
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does [life] have to be before you say, ‘Oh, that could be the god of the planet that we just 

grabbed it from.’” 

 

Like Francis, this scientist cites existing examples on Earth to argue that exploration 

should not treat extraterrestrial life as ethically inconsequential due to its size or perceived 

‘simplicity.’ (She also pointed out that on other planets, characteristics such as complexity and 

consciousness may not correlate with size the way we traditionally think of them on Earth, 

anyway.) 

 The responses above reveal an interesting array of views. On the one hand, some 

participants approached the ethical question of extraterrestrial life from the standpoint of: we 

should simply apply guidelines governing our relationship to other species on Earth to life off 

Earth (with the caveat that we must avoid extinction of these organisms, at least for scientific 

purposes). These scientists assumed (1) that microorganisms elsewhere in our solar system will 

not be sentient, intelligent or able to experience pain and (2) that microorganisms on Earth have 

no ‘rights.’61 But another view points out that these underlying assumptions aren’t necessarily 

correct: we can assume very little about extraterrestrial organisms, no matter their size, and there 

is in fact precedent for rules and regulations that value and protect rare life (including microbes) 

and environments on Earth.  

On the other hand, a larger group of participants took the stance that we should avoid 

repeating certain historical or ongoing precedents governing human relationships to other life, 

other environments, and other groups of people. Asked how we should treat (microbial) 

extraterrestrials we might encounter, these scientists spoke with resignation, frustration, or 

apprehension about the implications of colonialism and climate change for our ability to respect 

other life and environments—and the moral and practical pitfalls of failing to do so. Although 

some participants used examples of colonial exploration/exploitation and environmental 

degradation on Earth primarily to point out the challenges scientists might face in attempting to 

preserve and protect ET life and environments, other researchers presented this line of thinking 

as the reason for their opposition to interference or exploitation of extraterrestrial life or 

environments. One participant, an assistant research professor of biology studying biosignatures 

in analogue environments, who felt it would be acceptable to kill individual microbes but not 

entire species, made the link concisely and explicitly: 

 

 
61 I also noted a certain inconsistency in their views: even while enthusing over ET’s potential novelty—

these same scientists cite the fact that ET is a "blind spot" and that "we can only guess at" the potentially 

wildly "different configurations of life" as compelling reasons to search for it in the first place—they 

assume that a microscopic organism should fit into an existing anthropocentric framework (presumably 

because it would have similar characteristics to microscopic life on Earth). This finding is similar to 

Powell’s (2007) observation of upstream nanotechnology scientists, who “questioned the idea that 

nanomaterials are new [and therefore present novel risks],” yet “also stressed their unique and 

unpredictable properties elsewhere in the interviews” in a positive and exciting light (Powell 2007:183–

84). Similar to upstream nanotechnology researchers’ attitudes toward health and environmental impacts, 

some astrobiologists painted concerns about back contamination as irrational and unscientific, or implied 

that these fears were stoked by far-fetched science fiction films and books. “Nanotechnology research 

uncertainties are seen as new, valid, and exciting science, but nanotechnology risk uncertainties are based 

on social, emotional, and irrational issues” (Powell 2007:184). 
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"I think I pretty strongly disagree with the idea that the knowledge is worth the 

destruction of another habitat, 'cause that harkens from various evils in our history. So I 

don't think I can get onboard with that." 

 

I prompted “Floyd,” who had implied earlier in our interview that preventing forward 

contamination was important for the sake of protecting ET as well as for protecting science, to 

explain why they held that view. Floyd replied: 

 

“Since science is so Westernized and imperialist, we approach scientific discovery and 

planetary science and astrobiology from the same perspective. Like, we have to be really 

careful and conscious of letting life be autonomous […] we should approach the situation 

with protections in place to ensure that we're not destroying the life [...] I approach [the] 

concept of protecting life from this perspective of, ‘Look, we've been doing some bad 

things historically, let’s try not to continue to do this on another planet.’ You know when 

we're actively destroying our own right now.”62 

 

Floyd associates science and exploration generally—as well as astrobiology and 

planetary science specifically—with destructive colonial practices and climate change that 

symbolize acute and unethical disregard for life and environments on Earth. Based on these 

unencouraging patterns, Floyd doubts that explorers would be good stewards of extraterrestrial 

life and environments and rejects the type of invasive, destructive exploration that they view as a 

continuation of colonial practices. At another point in our interview, Floyd explicitly stated the 

need to distance space science and exploration practices from the history of science and 

exploration on Earth. They argued that “[approaching] the situation from the mindset that we 

want to create systems and structures that don't follow history and are actually ethical and good 

and just will help I think ensure the protection of life on another planet.”   

Floyd represents the view that science and exploration must break from their troubled 

past in order to yield an ethical and positive future. As opposed to continuing our practices on 

Earth, this group believes we should learn from the legacy of destructive exploration and 

environmental exploitation on Earth in order to not repeat history.63 (In Floyd’s view 

specifically, an important component of that transition is the prioritization, or at least 

consideration, of the interests and perspectives of other life and environments.) 

This view is reflected in a white paper entitled “Ethical Exploration and the Role of 

Planetary Protection in Disrupting Colonial Practices” organized by the Equity, Diversity, and 

Inclusion Working Group (EDIWG) and submitted to the 2023-2032 Planetary Science and 

Astrobiology Decadal Survey. The paper’s twelve authors (endorsed by 109 signatories)64 argue 

that the planetary science and astrobiology community must actively dismantle “violent colonial 

 
62 See Appendix III exhibit 12 for a more complete quotation. 
63 This may point to necessary adjustments to "acceptable" reasons for space exploration (By "acceptable" 

reasons I mean rationales that justify the "need" for or value of allocating resources to space exploration 

to a public or government, for example, as opposed to the "real" reasons that individuals who feel a deep 

natural affinity for space exploration find compelling enough to dedicate their careers to the endeavor. . 

Currently, acceptable reasons for space engagement include concepts such as the supposedly inherent 

human desire to explore and expand. But if people now associate those values, priorities and mindsets 

with the evils of colonialism, then it may not prove convincing after all.  
64 https://docs.google.com/document/d/1PGb1m7W4eJ_Gw3p6GDw-w4Lt4l0KEvZ5yOktTh7psGg/edit# 

https://docs.google.com/document/d/1PGb1m7W4eJ_Gw3p6GDw-w4Lt4l0KEvZ5yOktTh7psGg/edit#)
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practices and structures” such as environmental destruction and genocide if we are to avoid 

repeating the grave errors that have defined exploration of our own planet. This camp is 

concerned about a range of ethical questions related to exploration, from the “agency and moral 

consideration of extraterrestrial life,” to environmental preservation, to the effects of 

extraterrestrial resource extraction on wealth inequality; they argue that current regulations do 

not adequately address these questions and call for their reevaluation (Tavares et al. 2020). The 

authors critique NASA policies and COSPAR guidelines for failing to provide ethical rationales 

for planetary protection and for sidestepping other types of harmful interference beyond 

contamination. Tavares et al. assert that human history and historical precedent “gives us enough 

data to assume moral considerations will not be prioritized” (Tavares et al. 2020).65 

A third theme that emerged was that it will be extremely difficult to predict the impacts 

of human actions on the environment; our recent history (and present) on Earth clearly 

demonstrates the human tendency to modify the environment with unforeseen repercussions, to 

the detriment of life and environments as well as to ourselves.66  

“Jessie,” a geology and geochemistry professor who heads an astrobiology-related 

research laboratory, studies analogue environments and is also a participating scientist for the 

Mars 2020 mission. Jessie recounted: 

 

“Beyond life, it's also we don't wanna alter those environments [...] we need to use 

environments on the Earth as a lesson. So there's plenty that humans have done to mess 

up environments on Earth that we didn't know early on was gonna mess them up, and 

now we know. [Here Jessie gave the example of fracking’s impacts on groundwater 

systems.] [...] And we know now that contamination like that doesn't just affect, say, the 

water chemistry. It's also gonna affect every other thing about the environment. It's gonna 

affect maybe what microbes are living in that water, maybe how the soil processes are 

happening, and so I think we need to kinda take that concept for Earth, those lessons from 

Earth and say, okay, for other planets, we don't know into the future, if we might want to, 

if we might rely on something there [...] We don't know how fragile both places are, and 

maybe in the future, there'll be some benefit to humans to keeping those places protected, 

that we don't even know about now.”67 

 

 
65 The authors’ write that “Ethical considerations must be prioritized in the formation of planetary 

protection policy. The choices we 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 we interact with on 

timescales longer than the human species has existed. We should make these choices consciously and 

carefully, as many will be irreversible, especially those pertaining to how we interact with potential 

extraterrestrial life. It is critical that ethics and anticolonial practices are a central consideration of 

planetary protection. We must actively work to prevent capitalist extraction on other worlds, respect and 

preserve their environmental systems, and acknowledge the sovereignty and interconnectivity of all life.” 

(Tavares et al. 2020) 
66 “Cameron,” who viewed environments in terms of human utility, still acknowledged this fact: “We’ve 

disrupted Earth’s topology in order to survive and thrive, and I think that in general that will be the case 

elsewhere in the solar system. But, we have also done things that we regret on Earth, and so perhaps we 

should take some of the lessons that we've learned on Earth and apply them elsewhere. And so one of 

those is giving due consideration to the uniqueness of an environment and the possible value that it could 

have to us or to others in the future.” 
67 See Appendix III exhibit 15 for a more complete quotation. 
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Jessie emphasizes not only unforeseen environmental impacts, but the link between 

environments and life: “it's also gonna affect every other thing about the environment,” such as 

microbial communities. Kennedy (whose concern was on behalf of science and not environments 

themselves) drew parallels between our relationship with Mars to that with America and 

Antarctica, claiming that colonists’ irresponsible and unsustainable treatment of the Americas as 

a source of inexhaustible resources was initially duplicated in interactions with Antarctica—

“they brought the same kind of stupid ideas to Antarctica and the next thing you know, it's 

turning into a garbage dump”—until regulations were put in place to prevent environmental 

contamination and prohibit leaving solid waste in the field. On Mars, said Kennedy, exploration 

would have a responsibility to be “super cautious” and “tread very, very lightly” if an ecosystem 

exists.68 

Participants disagreed on whether current bioethical principles should be extended 

beyond Earth—and on which precedents we should look to as a guide. However, whether 

astrobiologists felt it was important to respect extraterrestrial ecosystems or viewed them as a 

valuable resource, most concluded that explorers should treat extraterrestrial environments with 

great care—influenced in no small part by legacies of environmental contamination, degradation, 

and exploitation on Earth. Dr. William Kramer sums their concern up well: That without 

attention to these matters, “space projects may produce the unintended consequences of 

environmental degradation, lost opportunity, and the inefficiencies experienced here on Earth” 

(Kramer 2017:128). The major difference between researchers’ focus on historical precedents as 

they related to environments specifically, as opposed to life, was that in speaking about 

environments participants emphasized the unpredictable, unintentional, and far reaching impacts 

of human actions (whereas, speaking about bioethics and colonialism, participants focused more 

on the darker side of human nature and the intent to destroy). 

 

More Ethical Considerations: The biosphere as a moral unit, ecological entanglement, and 

evolutionary trajectories  

 

Most participants’ practical and ethical approaches depended not only on the 

characteristics or complexity of alien life (Is it sentient? Intelligent? Does it feel pain?) or on the 

issue of propagating versus diverging from Earth-based practices and histories, but on the 

evolutionary and ecological context that life exists within.  

 Speaking on the assumption for the most part that other life in our solar system69 and 

particularly on Mars will be microbial, most participants considered ET’s ethical standing on a 

species-, ecosystem-, or even biosphere-level—and never on the level of the organism or 

individual microbe.70 Most researchers opposed the eradication of extraterrestrial life; scientists 

said for example they did not believe we should "wipe out an alien biosphere," that  "making [an] 

alien microorganism extinct would be unethical," and that "we should do our best to... not make 

[life] extinct in the process of searching for it." According to Brian, a planetary science postdoc, 

 
68 See Appendix III exhibit 16 for a more complete quotation. 
69 Barring certain parts of the solar system such as Europa, where some researchers hope to find more 

complex life. 
70 This aligns with some views in the literature such as Randolph and McKay (2014) and Cockell (2005). 

Race and Randolph (2002) explain that sampling or experimenting on extraterrestrial life is acceptable so 

long as activities “do not cause irreparable harm or disruption to the ecosystem” (Race and Randolph 

2002:1588) (emphasis added). 
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if we end up completely outcompeting Martian lifeforms such that they die and go extinct, that 

would be really sad. And that would be something to be cautious of"—but he would not be 

opposed to interfering with other biospheres "if they can maintain steady populations, Earth life, 

Mars life, in the same location.” Thus many researchers valued extraterrestrial life as a group, 

species, or biosphere rather than as discrete entities.  

 One planetary scientist offered scientists’ desire to preserve information about the natural 

world as a possible explanation for a species- or ecosystem-level view of ethical value.71 

However a more common justification for not killing ET was that destroying one species could 

destroy, damage, or otherwise alter an entire ecosystem in unpredictable ways. Many participants 

therefore argued that exploration must be extremely cautious and that scientists should gather a 

wealth of information before interfering at any significant scale. For example Erin, a research 

assistant professor of biology who studies life and biosignatures in Mars and Europa analogue 

environments, explained why she was concerned about forward contamination not only for the 

sake of science but also for the sake of ET: 

 

"If it was an established ecosystem, I would advocate very strongly to not disrupt it in 

any way, shape or form. I'd love to be able to study it, but I would advocate to be 

incredibly careful while we do it. Because ecosystems are fragile and you don't know 

what changing one thing or killing one thing might do to the system, and so that, we have 

to be very, very careful about. But in that context, harming a few microbes is probably—

it's fine, the ecosystem is robust enough to handle that, so that, I'm okay with. If it's the 

case of, this is like life hanging on at the edge and there's only a few cells left, then we 

have to be a little careful [...] because this is obviously very, very tenuous and you have 

to be even more careful about how you proceed in that system." 

 

Erin’s response reflects the belief that ethical status applies on the level of an ecosystem, 

not on the level of the individual, as well as an awareness that interference with any small part of 

that ecosystem risks its alteration or collapse. Floyd likewise recoiled from the idea of 

exterminating a species partly out of concern for the unpredictable effects on the biosphere or 

planet, not necessarily (or not exclusively) out of concern for the species itself: 

 

“If we were able to detect life on another planet [...] even if it's microbial, I mean we 

know from Earth's history that microbes have a huge influence on the climate and on 

global-scale processes. And so if we obliterate these microorganisms on another planet, 

we just might create that planet—like we could destroy that planet. I mean destroy in 

quotation marks because it will still be a planet unless we like blow it up, but like, really 

alter, like alter the environment to an extent that it is human-made and is not, we can't go 

back, and is not what that planet was supposed to do because we interfered [...] And we 

don't know the impacts of what we're going to do until we do something that has a huge 

 
71 "So I mean if something is unique, it may not be… if something is not unique then it’s common, then 

you know there's nothing necessarily—unless we attach intrinsic value to each individual instance—then 

we don't lose anything. But if something is unique then it contains information, and then we lose that 

information and… and it's not always clear whether information can be valuable or not, but in many cases 

it can be. And so as scientists, I think preserving information about the natural world is something that's 

important to scientists, because that’s why we study the natural world." 
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impact. [...] [We should] preserve the function and how the planet is supposed to be in 

that biosphere.” 

 

Thus for many scientists, the interconnection between different elements of an ecosystem 

appears to (1) confer value on those components and (2) make interference more risky and its 

results more unpredictable. Some scientists with an aversion to species extinction thus felt that 

life embedded in a robust ecosystem would require less stringent protection, because the 

biological community as a whole would remain resilient. Whereas, a handful of organisms on the 

brink of extinction, or organisms occupying a limited or precarious ecological niche, would 

require greater care to preserve. Interestingly, however, one researcher expressed the opposite 

view: if life is barely there in the first place, would its extinction be all that meaningful?  

In contrast to Erin’s view that a small community of microbes barely scraping by would 

necessitate additional care and caution to prevent extinction, Sean proposed that the remnants of 

a dying Martian biosphere72 might compel less attention to preservation as compared to a 

thriving biosphere: "It depends on the extent to which the planet has evolved as well [...] Like, if 

we ruin, if we wiped out what’s left of the Martian biosphere, would we feel that sad, because 

it’s basically sterile already?” Sean also told me that if life existed in small, isolated pockets on 

Mars,  “we will probably not find it, and we will conclude that Mars is sterile.” Incredibly, this 

scenario did not phase him: overlooking small, isolated ecosystems would be “fine,” said Sean, 

“because in that case it would be sort of primarily sterile." Whereas Erin and some other 

participants believe ET’s rarity or fragility should intensify its protections, Sean points out that 

mere vestiges of life, or a population with a shaky hold on survival, might not "count" as an 

entity worthy of ethical consideration precisely because it is not really part of a biosphere or 

some other larger ecological whole73 74—offering another example of scientists’ tendency to 

adopt the ecosystem or biosphere (as opposed to the individual) as the moral unit.75 Although 

 
72 which, in his opinion, is what we are likely to find on Mars if indeed life exists there 
73 Perhaps this view draws from a concept similar to ‘Gaia,’ which essentially considers the Earth itself as 

a living organism, recognizing that life is so completely embedded in the planet that its living and 

nonliving components are almost inseparable (as opposed to lifeless planets or those who may have only 

minimal or "residual" life, as with the hypothetical Mars Sean describes). 

Astrobiologist David Grinspoon in a 2017 interview with space.com about his book, Earth in Human 

Hands: Shaping Our Planet’s Future (https://www.space.com/35906-earth-in-human-hands-author-

interview.html). 
74 However, Sean also acknowledged that life on the edge—especially life we predict is on the path to 

extinction by its own course—begs the question: "Do we culture those bugs in a good environment and 

bring them back to life, like Jurassic Park style, try to preserve them? Do we artificially try to preserve 

them, or leave them alone and let them die in their natural course? It’s a difficult question." In short, Sean 

raises the question: would humans have an ethical obligation to actively preserve and cultivate (sustain?) 

life beyond Earth that we suspect to be in danger of extinction? 
75 Perhaps most incredibly, Sean is not troubled that scientists would probably fail to detect biosignatures 

on a planet with only pockets of life. His response seems to imply that the importance of finding life does 

not lie (or at least not exclusively) on merely proving the existence of life beyond Earth, with all its 

implications (especially if that life represents a second genesis) for the prevalence and distribution of life 

in the universe. Of course, it is also possible that Sean discounted the "N=2" line of reasoning here 

because he already feels fairly confident (as many participants did) that life beyond Earth exists. As 

former NASA Chief Historian Steven Dick acknowledges, "the worldview of a biological universe is 

https://www.space.com/35906-earth-in-human-hands-author-interview.html
https://www.space.com/35906-earth-in-human-hands-author-interview.html
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only one participant raised this point about small ecosystems, his reasoning nevertheless 

highlights the extent to which life’s ecological context and evolutionary trajectory impacted 

researchers’ opinions on the morality of certain actions, and also the extent to which they viewed 

extraterrestrial life as part and parcel of a larger natural system. 

 Riley offered another example of an evolutionarily as well as environmentally and 

ecologically contingent approach (though Riley focused on the beginning of an evolutionary 

trajectory rather than its end). She argued that extraterrestrial microbes should be left unharmed 

due to their potential to complexify in the future: 

 

"I think I come down on the side of: I believe that microbes do have moral standing. 

Maybe not because I am such a fan of microbes and the way that they live their lives 

[laughs], but more so because they are one, I guess, one stop on an evolutionary 

progression. And any one microbe may not be important, or [...] you could look at 

[microbial ET] and say, ‘Oh, it's so small. It's so insignificant. It's not intelligent. It has 

no rights.’ But on the other hand, we have no idea what the next evolutionary step could 

be for that life and where that life could eventually evolve, what it could eventually 

evolve into. And so I think that part of it is what's most important to protect, and that we 

have a moral obligation to let that evolve without our influence.” [Emphasis is mine.] 

 

 This view, in which human interference in another biosphere’s evolutionary trajectory 

would be unethical, values ET as part of a greater whole—in this case, a greater "tree of life" 

spanning unknown futures. Another participant displayed a similar focus on evolutionary context 

when he brought up the argument (parroted by several authors, e.g., in Randolph and McKay’s 

directive to “protect and expand the diversity of life”) that perhaps humans would have a 

responsibility to save an alien species we predict would face extinction without our intervention 

(a prediction based, for example, on knowledge of Martian life’s needs and the trajectory of a 

changing Martian environment). If we find “the last vestige of a broader biosphere” and predict 

the whole planet might soon be extinct, said this participant, perhaps we should try to preserve 

that life. Thus, evolutionary context and ecological entanglement added yet another layer of 

complexity to astrobiologists’ ethical calculations.76 

 
widely accepted even without proof," and the shift away from a "purely physical universe" has been 

underway for some time (Dick 2018, p. 216).  
76 A more common evolutionary debate in the literature is whether a second genesis of life (as opposed to 

life that shares a common ancestor with Earth life) would call for different ethical considerations 

(Randolph and McKay 2014): should we confer additional value on a second genesis because of its 

uniqueness, as Chris McKay has argued? Or, would its distinctness (as opposed to its distinctiveness) be 

the determining factor? J. Baird Callicott (1979, 1987) has argued that Aldo Leopold’s land ethic* is 

contingent on the “evolutionary kinship and ecological community” of life on Earth—in other words, that 

our consideration for other lifeforms and landforms depends upon our interdependence and relation, and 

would therefore not apply to extraterrestrial life.  On the other hand, several authors have argued that 

Leopold’s land ethic does extend to extraterrestrial life (Capper 2019; Cockell 2005; Kramer 2012). Thus, 

even those who agree on the relevance of a shared versus second genesis disagree on its ethical 

implications. 

*Aldo Leopold was a celebrated conservationist, ecologist and philosopher. His famous land ethic is 

summarized in his 1949 “A Sand County Almanac” in the oft-quoted phrase: “A thing is right when it 

tends to preserve the integrity, stability, and beauty of the biotic community. It is wrong when it tends 

otherwise” (Leopold 1949). But what confers membership in the “biotic community”? 
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 Participants also emphasized the integrated and interdependent nature of life and 

environments to point out that you cannot change one without changing the other. Thus, 

safeguarding environments and landscapes may be necessary to protect extraterrestrial life, and 

vice versa. Though we have already observed this theme woven throughout other researchers’ 

responses, one participant made the connection very explicit; when I asked whether 

environments themselves merited consideration, they replied: 

 

“I think so. I think it's harder to alter the environment without also altering the life. [...] 

[And] I think that not altering the environment is just as valid as not altering the 

biosphere of a planet. So limiting how much we are influencing the overall climate and 

global-scale changes of the environment on a planet is also important [...] We're already 

altering our planet. It's not going well.”77 [emphasis is mine]. 

 

Multiple researchers brought up the difficulty of determining with certainty whether a 

planet were truly uninhabited (thus further challenging the separation of life from environment). 

One scientist (Leslie) for example stated that she would have no issue with terraforming another 

planet in principle if she knew with absolute certainty that the planet harbored no indigenous 

life—but, she said, we would never be able to know that.78 Sean related a similar skepticism of 

humanity’s ability to declare a planet uninhabited. Given our “very narrow vision and very 

limited knowledge,” Sean reasoned, “our concept of uninhabited is probably wrong [...] there's 

ample possibility for thinking a planet is uninhabited when in fact it is inhabited.” This view not 

only further complicates the notion that we can ever fully separate (potential) life from its 

environment, but also underscores the difficulty of shaping a practical course of action given 

limited knowledge.79  

 

Motivations 

 

Finally, a few participants felt that the morality of putting other life and environments at 

risk depended partially on the reasons why we do so. One participant for example told me he 

“would be against exploiting the economical potential of discovering new life.” Another 

participant said she could only “sleep at night” because her motives for leaving her team’s rovers 

and other equipment on Mars—and thereby polluting the planet, in a sense—were “primarily or 

entirely scientific, and not with the intention of economic... achieving economic gain or 

dominance or something like that” (though she gave the caveat that the government’ reasons for 

funding her research are probably not purely scientific).80 Finally, Brian stated he would find a 

 
77 See Appendix III exhibit 17 for a more complete quotation. 
78 "If it really is necessary to [terraform Mars] for some reason, and there really is nothing there, there's 

nothing there, and you know there's nothing there, like you've drilled all the way to the core and you know 

nothing's there—again, not ever happening—then it's like yeah, you know, sure. No one's using it. So if 

you're not hurting anything by doing it... That's my personal opinion. That being said, I'm totally against 

terraforming Mars...as of now." [Emphasis in original.] See Appendix III exhibit 18 for a more complete 

quotation. 
79 Sean and Leslie’s view also lends support to the idea that in some respects, astrobiologists might 

assume the possibility or presence of life (at least in general, if not on a specific planet) until proven 

otherwise, instead of the other way around.  
80 See Appendix III exhibit 19 for a more complete quotation. 
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small amount of contamination on Mars an acceptable price to pay for exploration motivated by 

scientific or philosophical aims, or as a source of inspiration—but not for economic purposes. 

The fact that we could never fully decontaminate rovers, much less humans, Brain told me: 

 

“Should [not] stop us from going to Mars. [...] Until we know that there is something that 

could be harmed on Mars, then we should go with an appropriate amount of caution—for 

the right reason. And so I do have a [problem] with say going to Mars for resource gain 

or purely for like capitalistic gain or purely for a vacation spot for the point one percent 

of the population. Like I don't think that's necessarily the most noble reason to go. I think 

we should go to space for scientific reasons, for reasons that better our understanding of 

the universe, make us gasp in wonder, and that better the perspective of everything that 

we understand about ourselves, where we come from and what we can accomplish. As 

long as we go with those intentions, and so long as we go with the intention not to do any 

harm, then I don't mind sacrificing a little bit of contamination to have that kind of 

exploratory journey.”81 

 

Brian continued on the topic of private industry and “corporate elitism,” saying that 

although “the private industry has a lot to give in a lot of ways [...] what I worry about, is the 

private industries’ motives for going to space; I don't think they're scientific.” Companies’ goals 

are ultimately to make money, said Brian.82 The distinction between scientific and commercial or 

political intent relates to Gupta et. al’s83 finding that both experts’ and lay people’s “acceptance 

of nanotechnology is explained by perceived benefit and usefulness and whether the application 

is judged to be necessary” (Johansson and Boholm 2017:232). Some astrobiologists whose 

interest in exploration is primarily to answer scientific and philosophical questions about the 

distribution of life in the universe thus view private sector involvement as unnecessary and 

potentially even risky, given its potential to contaminate or disrupt environments of interest (e.g., 

through human exploration) before scientists have a chance to study them.84 

A handful of participants emphasized the role of intention and motivation in the morality 

of exploration by arguing that intentions would shape the actions we take in our solar system.  

Most of these researchers worried that profit-motivated exploration would be irresponsible or 

unethical. Brian told me: 

 

 
81 See Appendix III exhibit 20 for a more complete quotation. 
82“I think that the private industry has a lot to give in a lot of ways [...] But what I worry about, is the 

private industries’ motives for going to space; I don't think they're scientific. [...] They’re a company, 

right. Their main job is to get money for their investors, to raise their stock prices or whatnot. And that is 

not why I would like us to venture out into space. [...] When you have companies like Blue Origin or 

Virgin Galactic or SpaceX launching astronauts, what are they going to do eventually, what is their goal? 

Probably to set up some kind of habitat in space so that people, rich people, can have like honeymoons 

there or whatever. Like, that's not opening space to the rest of humanity. [...] And so to give the 

perspective of outer space to everybody on our planet is just something that I hope we do [...] instead of 

just creating little playgrounds for companies.” (See Appendix III exhibit 21 for a more complete 

quotation.) 
83Their study explored benefits and risk perception of nanotechnologies in fifteen different application 

areas. 
84Although, this concern was balanced for some participants by their hope that the private sector would 

continue to make technological advances that render space exploration cheaper and more accessible. 
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"The whole purpose of why we go out there; I think that's the key. Just like anything else 

that we do, astrobiology is not in itself good or bad, or moral or immoral. The way we do 

it determines, I think, our—the moral standing of how we treat other lifeforms. So if we 

go into outer space because we want to strip mine Mars for its raw, whatever resource 

that it has, then yeah, we're not going to treat lifeforms over there with any respect. But if 

we go there with the mindset of being in awe and being respectful of everything that we 

find, because they have an intrinsic scientific purpose and they're going to teach us 

something, then I think we have a much better chance of acting with a higher moral 

conscience.”85 

 

Sean put this cynical view of commercialization more succinctly: “It’s this kind of catch 

22 of, private sector achieves well on cost, but that’s because they want to make money. And if 

making money is the incentive, then outer space is gonna be perceived as a resource and nothing 

else.”86  

 It may seem overly obvious to state that intentions and motivations shape actions and 

outcomes. However, some participants' framing of the issue in these terms may complicate their 

colleagues’ previous positions on the relationship between intent and ethics; how much of this 

connection comes from a causal assumption, in which researchers believe a more profit- or 

politically-driven mindset will result in undesirable outcomes, as opposed to the weight of the 

intent in and of itself? In any case, like researchers in other fields, many astrobiologists 

“worried that questions of ethics and responsibility [will be] neglected in favor of market 

considerations (Glerup and Horst 2014:33).  

Generally, participants constructed moralities grounded in the specifics of extraterrestrial 

life and its relationships—past, present and future—to other life and environments. However, it 

is worth noting that scientists and policymakers are unlikely to have enough information about 

ET and its context upon initial detection to consider many of the factors participants listed in 

decisionmaking. Upon first contact, when we will have to decide upon a course of action, we are 

unlikely to know for example if life represents a small, fragile community or a thriving 

biosphere; how interference might affect either type of ecosystem; or whether life represents a 

shared or independent genesis from Earth life. Thus, perhaps the most practically useful position 

set out by participants was their general attitude of caution: if we do detect life, said many 

participants, we should withdraw, wait, and observe from afar—either indefinitely, or until we 

can collect much better information to inform our actions.87  

 Overall, participants drew heavily from recent experiences on Earth when answering 

questions about the human relationship to extraterrestrial environments. Climate change and 
 

85 See Appendix III exhibit 22 for a more complete quotation. 
86 But not all participants were so concerned with private sector involvement. “Ken” for example, who 

specializes in environmental microbiology and microbial ecology, was not overly worried about the 

private sector potentially “running wild” on Mars because he had confidence government regulations 

would limit their activities. Allowing companies to bid on the opportunity to display their logo on a Mars 

rover, said Ken, or even on an astronaut’s spacesuit, could fund half of a science mission’s budget. 
87 In this sense, my results align with authors such as Randolph and McKay (2014), Race and Randolph 

(2002), Peters (2019), and Chon-Torres (2018), all of whom have acknowledged the challenge of 

selecting ethical courses of action in space exploration in the face of minimal information. For example 

Randolph and McKay propose “non-contact observation and study” of extraterrestrial life before taking 

action, and Peters and Chon-Torres acknowledge the difficulty of achieving high confidence that a planet 

is uninhabited. 
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other instances of environmental degradation on our home planet (one researcher brought up the 

unforeseen impacts of fracking on ecosystems and groundwater systems, for example), and the 

lessons we should learn from these environmental catastrophes, figured prominently in 

conversations about extraterrestrial environments. Several participants also centered stewardship 

(or lack thereof) of pristine environments on Earth (e.g., Antarctica and the Atacama Desert) 

where they perform analogue research as cautionary tales for our interaction with habitats 

beyond Earth.  

Interestingly, however, participants cited relatively few analogies or lessons to be learned 

from Earth when reflecting on how humans should treat extraterrestrial life. When discussing the 

protection or preservation of ET, colonialism was the main connection researchers drew.88 In 

spite of its close connection to climate change, participants did not mention biodiversity collapse 

or the Holocene extinction (also known as the Sixth Mass Extinction) that Earth is currently 

experiencing due to human activities.  

 Furthermore, when speaking about the treatment of extraterrestrial environments, no 

participant made the argument (as several did for interactions with extraterrestrial life) that an 

extension of Earth-based frameworks would be appropriate.89 No one argued, for example, that 

because environments don’t have recognized rights or ethical status on Earth, by extension they 

should not enjoy them on other planets. Could this be because climate change and other 

environmental catastrophes scientists are witnessing clearly demonstrate that the current 

prevailing human-environment relationship and approach to resource exploitation is 

unsustainable, unethical, and downright dangerous? In other words, participants appeared more 

wary of environmental exploitation and more aware of flaws in current social, economic and 

political systems governing human-environment interactions.90 Whereas on the subject of life 

itself, where participants drew parallels to colonial exploration, this perspective was less 

common. I hypothesize that in the present age, climate change may loom larger in scientists’ 

minds than colonial exploration and exploitation. Although the two are clearly connected and 

although the impacts of colonialism and the European Age of Exploration remain very much 

alive in the present, climate change most likely presents a more pressing challenge in scientists’ 

minds. This may be especially true for the study’s participants, the large majority of whom were 

White and presumably, based on their geography and profession, not significantly socially or 

economically disadvantaged by legacies of colonialism. Furthermore, because many participants 

viewed extraterrestrial life’s value on an ecosystem- or biosphere-level, or at least on a species-

level, climate change and the alteration or destruction of environments may be the main analogue 

to the issues they imagine on other planets. 

 There is precedent for scientists’ preexisting environmental views to affect (or at least 

correlate with) their views on space exploration. MacGregor et al. (1998) used a survey to study 

the attitudes towards Mars sample return of Planetary Society members, university students, and 

life scientists outside the space research community. The authors divided the Planetary Society 

group based on whether respondents were affiliated with no environmental organizations, 

 
88 Apart from the application of current bioethical guidelines for experimenting on life. 
89 With the possible exception of this participant’s proposal to extend a national parks or nature reserve 

framework to other planets: "I mean there is a system for [environmental protection], we do it on Earth, 

right, and we call it national parks. Or wilderness, that’s the level above national parks, right. [...] So 

basically, just an extreme version of that, and applied to all of Mars, sure, sounds great." 
90 Although, the opposite could also be true; perhaps participants did not take this angle because the idea 

of rights for environments is too far-fetched. 
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affiliated with “strongly activist” environmental groups such as Greenpeace, or affiliated with 

more moderate environmental groups, and found that: 

“Compared with those respondents indicating no environmental affiliation, respondents 

in the Greenpeace group were: more likely to view planetary contamination as a 

threat…less aggressive in their approach to space exploration…more concerned about the 

morality of exchanging life between planets…more sure about life existing 

elsewhere…more concerned about preserving and protecting nature…and less trusting of 

NASA. It appears from these results that attitudes about space exploration and planetary 

protection are related to other environmental attitudes and particularly environmental 

activism” (MacGregor et al. 1998:8). [Emphasis is mine.] 

This supports the idea that astrobiologists’ awareness of contemporary environmental 

issues influenced their attitude toward ethics, responsibility, and risk. 

In summary, many astrobiology researchers cared about preventing forward 

contamination for the sake of life, beyond (and in some cases, above) the need to protect 

scientific validity. The diversity of their reasoning processes (that a biosphere should be 

preserved in its natural state, that Mars and its inhabitants have rights, that microbes are "one 

stop on an evolutionary progression" with which we should not interfere) demonstrates that (1) 

there are many, many avenues from which astrobiologists arrive at valuation of alien microbes 

and (2) even among the subset of the scientific community who assigns an intrinsic value in 

extraterrestrial life, there is little consensus on which reasons are the most important or 

compelling. Though some participants dismissed concerns for extraterrestrial environments, 

other researchers expressed some combination of the following views on environmental 

interactions and ethics related to the search for life and solar system exploration: That 

environments should be protected in case they benefit humans (now or in the future), and that 

environments should be protected as integral parts of ecosystems that are deserving of respect in 

their own right. These views were primarily influenced by two factors: environments’ 

inseparability from life and other elements humans may value, and repeated examples on Earth 

of the unforeseen, negative, and sometimes cascading or far-reaching impacts of human 

alterations to the environment. These views are very similar to participants’ take on ethical 

interactions with extraterrestrial life, where they also assigned both instrumental and intrinsic 

value to ET and informed their frameworks with precedents of ecosystem destruction and 

mishandled exploration on Earth. Finally, some astrobiologists distinguished between scientific 

and commercially- or politically-motivated exploration, and felt that (1) motivations partially 

determine the morality of our actions and (2) the intentions behind exploration would shape our 

actions in space—science, for the better, and profit, for worse. 

 

THE RESPONSIBILITY OF ASTROBIOLOGISTS 

 

 One of the key research questions guiding this study is: What responsibilities do 

astrobiologists recognize and prioritize as they search for life in our solar system? I identified 

two ways that participants consistently viewed their responsibility: as responsibility to science, 

and as the responsibility to make science as a discipline more accessible and/or inclusive. 

Astrobiologists enacted these responsibilities by communicating about science and performing 
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public outreach. However, the large majority of participants did not feel responsible for the 

potential impacts of astrobiological discovery.  

 

Responsibility to Science 

 

When asked about their responsibilities and commitments, those participants who felt 

responsible to science talked about an obligation to perform their research; “to investigate what 

the truth is”; to seek new knowledge, to advance their field, and in some cases (referencing the 

perils of forward contamination) to not “mess up” science for future generations. Collin for 

example argued that scientists are obligated to use their expertise to answer scientific questions 

(which he believes are of interest to the public): 

 

“‘Personally responsible’ is a funny word. I think there is a responsibil-ity [emphasis in 

original] for us, for the individuals that know how to do the science and know how to 

build the instruments, to push for these experiments to be done because society is very 

interested in these questions. And we are able to do our work because society supports it. 

And the people are interested in this stuff. Now therein lies the question, because if the 

American society is supporting NASA and NASA keeps promising the same old stuff, 

but never [really looks for extant life on Mars], you see, then society is gonna say, ‘Hey, 

we've been giving you money for 20 years and you actually haven't done it, forget it.’ 

One of the big drivers and one of the primary goals of NASA is to basically explore the 

solar system, if not the universe, and to understand what the limits of life are in the 

universe, right? And we have to get on with that goal. And so that's all there is to it.” 

 

Collin prioritizes the responsibility to advance astrobiology, in part because the failure to 

answer scientific questions of interest might decrease public support and ultimately funding for 

astrobiology research. Thus, like researchers who demonstrated concern for scientific validity as 

well as science’s standing as a social institution, Collin feels responsible not only for scientific 

progress but for protecting the astrobiology field from defunding and backlash. He also shies 

away from calling himself ‘responsible,’ instead emphasizing a more general responsibility 

shared across a larger group of scientists.  

 Cameron relayed a similar responsibility to perform science—or in his words, to uncover 

truths about the natural world—and also explicitly denied responsibility for how people might 

react to those truths: 

 

“...There's a perception at least that discovery of alien life could negatively impact some 

people, their belief systems, because for example they have a religious reason why they 

would not like there to be life elsewhere... and I think that again you know scientists, you 

know, it's not up to us to package the truth in a way that is acceptable to everyone—it’s to 

present the truth and so...and so I don't think that the scientists would necessarily be 

responsible for negative implications of a positive discovery of life or a negative 

discovery of life.91 I think scientists would be responsible and do have responsibility to do 

their best to get an accurate measure of the truth and so that's… again we're going back 

 
91 With ‘positive’ and ‘negative’ here, Cameron is referring to the experimental results, not the impacts. 



60 
 

to avoiding false positives in the search for life, and doing the best we can to get a true 

negative or a true positive result.”92 [Emphasis is mine.] 

 

A few researchers demonstrated their responsibility to the advancement of astrobiology 

by speaking about their contributions to the field. One participant, Francis, evidently viewed 

‘responsibility’ as credit for advancing research more than as accountability for possible 

consequences; he interpreted my question about responsibility as a question about what positive 

developments in the field of astrobiology he could claim a hand in, as opposed to addressing any 

potential negative outcomes, and spoke about his influence on the field over time.93 In a similar 

vein, Jessie, a professor of geology and the leader of a research lab, told me: “I think in some 

ways my responsibility is sharing my expertise with other team members, collaborators who are 

coming from a different background.” And another researcher (“Taylor,” a geophysicist 

employed at a nonprofit research institute), when asked about responsibility, related an 

experience that caused him to become more aware of the impacts his science and publications 

might have on other astrobiology research: he spoke about the importance of not “over blowing” 

his research when writing about a discovery that could have escalated planetary protection 

requirements for a Mars mission. “I think I do feel responsible that my research could have 

potential implications if we all of a sudden start saying that everything's a habitable [zone],” he 

said. And Ken, asked about what values guide him in his work, replied with an unambiguous 

commitment to the continuation of and quality of astrobiology research: 

 

"At the end of the day I’m just curiosity-driven, and all I care about is [the] quality of the 

research. [...] There’s a reason why biological experiments were not redone since 1977. 

Number one is, the—to many in the field, the Viking results were very disheartening, 

because they didn't clearly show biology on Mars. [...] And the other reason was that one 

of the three experiments showed life, but later was explained to be due to some unknown, 

strong oxidant on the surface of Mars [...] and so this is what I mean with quality, right, at 

the end of the day I just care about the quality." 

 

Ken demonstrates his responsibility to the scientific endeavor by prioritizing the 

“quality” of research. His focus on the Viking landers’ failure to detect life also reflects concern 

for and commitment to maintaining the vitality of astrobiology and its funding streams, 

specifically surrounding extant life research (similar to Collin and multiple other participants). 

The above responses reveal an occupation with obtaining information and achieving discovery 

itself, but are absent responsibility for the potential impacts of discovery. In other words, they 

avoid the question: What happens next?  

 Other participants expressed their responsibility to protect and promote astrobiology 

research via developing its relationship with nonscientists, e.g., by expounding its benefits to 

policymakers and the public. For example, a JPL research scientist told me: 

 

"I think my instinct is [...] ‘It's my job to just put my head down and get the data and be 

as unbiased as possible. And that's what I think I'm good at, and that's what my job is, so 

that's what I'm gonna do. And it's someone else's job to figure out how to make the 

 
92  See Appendix III exhibit 23 for a more complete quotation. 
93 E.g., instances where he felt his research and ideas opened up areas in the field that are now being 

explored further. 
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decisions and what to do with that.’ But I think I'm seeing, especially in my current 

position, which is more of a leadership position where I have a responsibility to 

communicate outward, I'm seeing how it is more important that there is a communication 

element here, that it's important for scientists to be good communicators and to be 

effective communicators, and sometimes to be more politically savvy than we might 

necessarily want to be in order to protect our own... Well, to... I don't wanna make it 

sound like we should communicate effectively just to protect ourselves and our own self-

interest and to keep science going, but the science is important and it's important to have 

scientists and support scientists. [...] And so I think [that] we do have a greater 

responsibility to help further scientific progress because if we don't speak for us, then 

sometimes nobody will. So I think I'm seeing that more, and I see that a lot on Mars 2020 

where people are always... Or sometimes say, ‘But why are we even doing this? Why is 

this important? Why are we spending money on it?’ And someone needs to justify what 

we do and someone needs to answer those questions. And you can't always leave it to 

politicians... I do think we have a greater responsibility there."94 

 

Although she didn’t particularly enjoy public engagement, this scientist saw it as 

necessary in order to promote the astrobiology research endeavor. Multiple participants 

prioritized convincing the public of astrobiology’s importance over outreach focused on 

engaging nonscientists about science. One participant who worked on instrument design at an 

independent research institute put the sentiment more forcefully than his colleague at JPL: 

 

“You will be asked, pretty right off the bat—what—is it worth spending, you know, four 

billion dollars on a Mars mission launch this summer, which, by the way, may blow [up] 

in the air as you launch it? And you know, the answer is always: Fuck yes it is! Pardon 

my language, but—it is. Because [of] the return of knowledge that we get for every single 

dollar we invest in space—it’s been done before this, the science; the return is anywhere 

from eight to fifteen dollars per dollar invested. [...] I don’t think the message is clear to 

everybody. I still have to go out and give talks and I get the questions—from kids and 

from parents—you know when I give public talks. And you know I’m happy to hear the 

question, and I would be happy if I have to answer it every day of my life, but I shouldn’t 

have to [...] Not everybody knows that by investing in space we’re investing in every life 

here.”95  

 

A principal focus of this researcher’s public outreach is clearly to justify the expenses of 

astrobiology and space research to the public. Thus even a significant number of participants 

who spoke about a responsibility to perform outreach and public engagement did so for the sake 

of science itself, usually by justifying its importance and resource burden to the public.96 

 
94 See Appendix III exhibit 24 for a more complete quotation.  
95 See Appendix III exhibit 25 for a more complete quotation. 
96 Although, one participant took the opposite position, and on the subject of responsibility questioned the 

opportunity cost of devoting resources to space exploration which could have been put towards mitigating 

pressing issues such as climate change: “One tangible way that it impacts my thinking is just: where I 

should invest my time? Because basically I just worry that—my day-to-day work is let's say searching for 

life elsewhere, which is like this noble goal for the reasons that we've discussed. But at the same time, 

you know I’m constantly worried about our own planet, as we all are. So that's—so the concern that I 
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Interestingly, none of my participants took the approach identified by McCarthy and 

Kelty in their study of nanotechnology researchers, in which some scientists feared that if they 

“do not study the risks of nano technology to environments and biology, then the public backlash 

will grow and itself become a risk to nanotechnology” (McCarthy and Kelty 2010:421). Despite 

astrobiology researchers’ concern with how public perception of their field could impact its 

health, participants did not perform public engagement addressing astrobiology’s potential 

impact on society or talk about the need for research aimed at addressing social issues, even 

though our nanotechnology analogue suggests that without attention to these topics, public 

distrust could grow. Possible explanations for this discrepancy are that the public is less directly 

or certainly implicated in astrobiology research compared to nanotechnology, which is already in 

consumer products, and that astrobiologists perceive fewer and less serious implications for the 

public. Nevertheless, overall McCarthy and Kelty’s finding that nanotechnology practitioners felt 

a responsibility to protect their research from society (e.g., from public backlash or from funding 

cuts) was mirrored among astrobiologists (though nanotechnology researchers also felt a 

responsibility to protect the environment and humans from potential threats posed by 

nanomaterials). 

 In this section, we have seen that many researchers felt responsible to science. 

Participants prioritized commitments to advance astrobiology research (via their own 

contributions to the field as well as by supporting the need for extant life detection missions) and 

to protect the astrobiology field from backlash and defunding (for example, by justifying 

astrobiology’s importance and expenses to the public and to policymakers). 

 

Accessibility and Inclusion 

 

Participants also felt responsible for making science generally more accessible and 

inclusive. Researchers discussed their desire and efforts to make scientific information more 

accessible. Scientists also spoke about the need to empower young people generally, or in some 

cases marginalized groups who are underrepresented in science specifically, to pursue scientific 

careers, and sought to make the scientific community less discriminatory and exclusive. 

Participants were motivated by both a commitment to science and to society.  

Some participants expressed that scientific research should be open and accessible to the 

public (which they accomplished, for example, by publishing in open-access publications or by 

presenting their research in a manner digestible to non-scientific audiences), and that as scientists 

one responsibility “is openness and willingness to engage.” This finding aligns with those of a 

2015 AAAS survey of scientists, engineers and health professionals, which found that scientists 

viewed “‘access to scientific knowledge/information’ [as] a direct benefit of science and 

 
sometimes have is that, what if we're devoting too many resources to looking for life elsewhere as we let 

life on Earth get eroded and kind of destroyed. [...] We do put—some of the best minds in the world are 

working on space travel and space exploration and all this kind of stuff. And also a huge amount of 

money and resources. And so, yeah. I do sometimes have that question: are we doing this distribution of 

effort correctly? Because there's no doubt that we should devote effort to both [...] That distribution 

between, of resources and mental abilities is an emergent property, it’s not something that anybody 

consciously chooses, because you can't like force, you can't en masse force people, you can't say, ‘Okay, 

everyone at JPL’—I mean, there's already a lot of people at JPL working on climate change. But you 

cannot just say, ‘Okay, sorry guys, space is cancelled, you’ve got to fix climate change before you work 

on any more missions.’ It doesn’t, you know, it doesn’t work like that.” 
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considered it a responsibility of the scientific community to provide access to scientific 

knowledge and information to the general public” (In practice, this meant writing “in accessible 

language” for lay audiences) (Wyndham et al. 2015:12). Wyndham et al. note that “this emphasis 

on science communication and engagement is echoed in the UNESCO Declaration on Science 

and the Use of Scientific Knowledge (1999), which refers to the social responsibility of scientists 

[...] to share their knowledge and to communicate with the public” (Wyndham et al. 2015:12). 

Some researchers’ also stated their commitment to inclusivity and diversity in science, 

arguing that the exclusivity of science as a profession is unhealthy for the field and/or morally 

wrong.97 Several participants criticized the structure of academia itself—e.g., faculty position 

demands, the privileging of publishing, and other institutional issues—as barriers to the 

accessibility and inclusivity of science. One researcher insisted that “the toxic culture that 

plagues STEM and research and science and academia,” and that fails to emphasize science 

communication, not only “hinders [scientists’] relationship with the public,” but discourages 

marginalized people from pursuing scientific careers. “I think we should be getting paid to make 

our environments inclusive. Because when we do outreach and communicate our science, we get 

all sorts of people interested. And that's an opportunity to get specifically marginalized folks 

interested in science,” they said. Thus, scientists’ commitment to inclusivity doubled as a a 

responsibility to social justice and to science itself. 

However, not all participants viewed their commitments to accessibility and inclusivity as 

a true obligation. As one professor and researcher noted: 

 

"We had this big Mars 2020 remote meeting yesterday, and one of our items on it was 

diversity issues, and you could say, in some ways you could say, ‘What the heck does 

that have to do with this mission?’ This mission is about engineering and science. But 

then, it comes down to, ‘Hey, we're influential, and maybe we can make some positive 

outcomes for bringing more people from under-represented backgrounds into the STEM 

fields, and how do we do that?’ So you had a bunch of people who were, again, it's not 

their job, but yet, they can maybe have a positive influence and play a role in this." 

[Emphasis is mine.] 

 

To what extent is outreach and inclusion scientists’ “job” versus something they do almost as 

volunteer work? How might that impact their feelings of responsibility? This researcher views 

diversity and inclusion initiatives as extracurricular to her work—something that is nice to do, 

but not necessarily a responsibility. This distinction, which we will discuss more later, “relies 

heavily on a divide between what counts as a scientific (i.e., laboratory) practice and as an 

‘extra-curricular’ scientific activity” (Viseu and Maguire 2012; pg. 202). Nevertheless, 

astrobiologists overall articulated a responsibility to share science with non-scientific audiences, 

and to make scientific information and their own expertise more widely accessible.  

 

 
97 As one postdoc related: "I also feel responsibility to make the scientific community a more accessible 

and inclusive community. Which it traditionally has not been at all. It's a very—well, the scientific 

community has a long history of being like an ivory tower. People just, very privileged people get to do 

science, and if you don't meet a certain demographic, then you are simply not viewed as a scientist. And I 

don't think that's very healthy for the community and I just think it's basically just wrong to be 

exclusionary like that. So trying to foster a more inclusive community is definitely something that I try to 

do…" 
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Communication and Outreach 

 

Researchers most commonly addressed their social responsibilities, identified above, 

through public outreach and communication; more than half of all participants in this study 

brought up public communication in one form or another in response to the interview question 

about responsibility.98  

Astrobiologists’ motivations for communication broadly echo the findings of Wyndham 

et al. (2015). In a survey of several hundred scientists, engineers and health professionals across 

a variety of fields, Wyndham et al. found that 23.38% of respondents99 felt a responsibility to 

teach and mentor in one way or another, with two major objectives: to “reproduce the scientific 

enterprise” by developing the “next generation” of scientists via mentorship and skill transfer, 

and to “educate the public” about science and its role in society (Wyndham et al. 2015:29). The 

authors reflect that while the former represents a commitment to science itself and “reinforces a 

conception of the practice of science as specific and as set apart in important ways from society 

at large,” responses centered on public outreach and education “[recognize] a role for scientists 

bridging their activities as scientists with potentially more encompassing social roles and 

responsibilities” (Wyndham et al. 2015:29). 

While some of my participants felt responsible for communicating for the sake of science, 

other researchers framed communication’s importance in terms of rendering a service to ‘the 

public.’ In the former case, scientists spoke for example about communicating in order to 

enhance the public’s trust in science (in some cases, ultimately to maintain funding for research) 

or to explain the importance of their work and justify its expense. “When I give public talks,” 

said one scientist, “I really try to emphasize, ‘here's what you're getting with your taxpayer 

dollars, and here's why it's a good thing.’” But, as we saw above, other researchers pursued 

communication and outreach activities because they believed that a broader group of people 

should have access to scientific knowledge and scientific careers.  

Other participants, many of whom conduct research that is publicly funded, felt 

responsible for telling the public exactly how their tax dollars were being put to use. Still others 

communicated with the aim of improving general science literacy or with the aim of sharing their 

sense of wonder for the natural world and “inspiring” the public. One participant reported her 

desire to “share on some level, my awe at the natural world [...] if I can impart some of that 

perspective and some of that excitement for this planet to them and impact them with that, then 

job done.” Another described her motivation “to try to inspire and broaden people's horizons” by 

sharing about the topics she explores. Only one participant said scientists should communicate 

about the risks of sample return and astrobiology specifically, rather than communicate to imbue 

excitement for, general knowledge about, or trust in science. “Scientists should be engaging with 

the public about risks and about what the risks are maybe to a greater extent than we are," he 

admitted. 

Across this wide variety of motivations—from protecting science, to promoting 

inclusivity, to improving scientific literacy—why did participants arrive at the same method of 

enacting responsibility? A planetary science postdoc, who explicitly made the connection 

 
98 It is important to note that this result may be skewed. Because participants were recruited via email by 

an undergraduate student, it is plausible that astrobiologists who replied and volunteered to be 

interviewed were uncommonly interested in and/or committed to outreach and engagement.  
99 The authors note that this finding “is consistent with the relatively higher proportion of overall 

respondents to the questionnaire from the field of education” (Wyndham et al. 2015:29). 
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between what he feels responsibility for and how he practices that responsibility, may offer one 

clue. “Now as an early-career scientist I don't exactly have power to, you know, hire, make lots 

of diverse hires for instance,” he mused. “[So] how do I [foster inclusivity and literacy], that's a 

good question [laughs]. I don't know, I guess I almost never say no to the opportunity to speak to 

the public. In fact I try to seek out those opportunities myself.” [Emphasis in original.] Public 

engagement emerged as the main method of social responsibility that researchers were aware of 

and which was expected of them. Multiple participants mentioned that National Science 

Foundation grants require researchers to include a public engagement component in their project 

(though one participant said these are rarely completed in good faith or followed up on). 

Furthermore, astrobiologists may view outreach as their principal responsibility because they 

perceive their research as having little to no impact on others. When it came to responsibility, 

Leslie, a geomicrobiologist at a nonprofit research institute, said her concern was to “get local 

communities involved in science, even when it may not impact them directly.”  

However, some later-career participants indicated that this emphasis on outreach is a 

relatively recent development. "Jessie," a geology and geochemistry professor heading an 

astrobiology lab, observed this temporal shift when she noted, "Nowadays, so much of a 

scientist's role is outreach." Jessie continued: 

 

“I think we have a responsibility, especially as we get funded by federal tax dollars, a lot 

of times, we have a responsibility to do something else. And so, National Science 

Foundation requires that you have an outreach plan, that you say, ‘I'm gonna have a 

museum exhibit,’ or, ‘I'm gonna work with these schools in this poor neighborhood.’ 

NASA doesn't have that [...] nobody's making us do it, but [...] I think that there's more of 

an awareness now than maybe there was 20 years ago by a lot of scientists, that we do 

have this responsibility to try to teach the public.”  

 

A JPL scientist we’ll call "Drew" likewise noted that “there's certainly a lot more 

outreach now than there used to be 20 or more years ago.” “When I started doing science,” she 

explained, “science outreach wasn't really something that a lot of scientists did.”100 Compared to 

younger participants (postdocs and a PhD student, for example) who viewed engagement and 

inclusion more so as a responsibility, these researchers viewed outreach as something that they 

may feel personally motivated to do or may even enjoy, but which is fundamentally optional 

volunteer work.  

Researchers viewed communication as a tool with which to fulfill their responsibilities to 

share knowledge, promote accessibility, and protect science. Outreach emerged as the major 

mechanism for responsibility that scientists were aware of, felt comfortable with, and was 

 
100 Drew elaborated on the evolution of outreach: “Well, when I started doing science, science outreach 

wasn't really something that a lot of scientists did. Carl Sagan was actually a scientist who changed our 

views on that. [...] Carl really showed that you could be an excellent scientist and do public outreach. And 

particularly the young people they're all on Instagram [now], wanting to — there's almost like a, you 

know sometimes I feel it's almost like too much, that you’re—the kind of outreach I did was because I 

wanted to tell people about the science, you know I never had an ambition to become an Instagram star or 

influencer or whatever, and now there is much more of this kind of culture. It's like, ‘hey, look at me, I'm 

a scientist.’ [laughs]. It's changed. But there's certainly a lot more outreach now than there used to be 20 

or more years ago. But you know I do it—I enjoy it, and I think it's important to inspire the next 

generation." [emphasis in original] 
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expected of them, though this focus on public engagement appears to have intensified only over 

recent decades. 

 

Generalities of Responsibility: The astrobiology-society relationship, or the science-society 

relationship? 

 

Most participants’ understanding of their responsibility centered on the relationship 

between scientists and nonscientists (as did their concerns and risk perceptions). Interestingly, 

commitments usually focused on a general science-society relationship and exchange of 

knowledge rather than on the field of astrobiology specifically. Participants expressed worry that 

scientists are not adequately educating the public to be scientifically literate or to understand and 

accept uncertainty in science, and feared that the public distrusts science and experts; they 

reported that addressing these perceived issues was their responsibility and a major goal of their 

outreach activities. Most participants who spoke about accessibility and inclusivity also referred 

to science generally and not astrobiology specifically.   

For example one researcher, on the subject of her responsibility, explained that when she 

performs outreach and gives public talks, “I will try to sneak in some stuff about climate change, 

probably now if I do it, I'll sneak in something about coronavirus… Just to take advantage of the 

audience and the platform that I have to make sure that people understand these things.” Even in 

university courses she teaches, this participant reported spending more time on building students’ 

general science literacy as opposed to the specific topic of the course. I hypothesize this general 

focus was influenced by perceived declining trust in science as a whole. Participants told me for 

example: 

 

“The trust in experts is too low. There are the obvious examples: climate change, 

vaccines, so forth. So, a bit of skepticism is fine. But dismissing huge bodies of work and 

dismissing the opinions of people who have been working on something their whole 

lives—this is fundamentally not sensible.” 

 

“...it's part of a bigger symptom that we have right now, that we don't need to listen to 

scientists, which we've heard about in the news yesterday, if you heard the President's [...] 

‘We don't need to listen to science to make decisions about whether we open the schools 

in a pandemic.’ And so, but all this seeps down, and then we've got a big chunk of the 

American population maybe saying that scientists have an ulterior motive, or scientists 

are... We don't need to listen to science, that it's an opinion. So I think that's kind of a, 

that's a big issue that we have to fight.” 

 

These responses reflect an immediate concern not for anything specific to the 

astrobiology field, but the broader idea that the public does not trust or accept science and 

expertise as a whole. With few exceptions, scientists spoke about responsibility via public 

engagement and trust-building in terms of science generally and not astrobiology specifically 

(unless they focused on their responsibility to advance the astrobiology field or justify its 

expenses to the public).  

This finding provides an example of a challenge identified by the American Association 

for the Advancement of Science (AAAS): “how scientists understand and discharge their 

responsibilities in the face of resistance to scientific authority from some sectors of society who 
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view science as merely another perspective that competes with their preferred view of the world” 

(Wyndham et al. 2015:10). (This also helps explain a phenomenon we observed earlier: that 

researchers worried a false positive would erode public trust and that the public might disbelieve 

even a legitimate discovery.) 

The generality of astrobiologists’ commitments to social issues falls in line with Viseu 

and Maguire’s (2012) finding that when researchers tried to integrate social and ethical issues 

(SEI) into nanotechnology, “SEI discussions were deemed to portray an interesting scenario, but 

one that is not specific to nanotechnology” (Viseu and Maguire 2012:199). The director of the 

Cornell NanoScale Facility told the authors that during a symposium on SEI in nanotechnology, 

“There wasn’t very much nano in the sense that it was like… you could replace nano with 

nuclear or nano with biomedical or nano with genetic engineering, and address the same issues” 

(Viseu and Maguire 2012:199). The authors concluded that this “ambiguity” enabled “SEI to be 

something that is both part, and not part, of participants’ nano-scientific practices” (Viseu and 

Maguire 2012:199). I hypothesize that a similar structuring exists in astrobiology: researchers 

view social issues primarily as issues of accessibility and inclusion in science generally, not as 

anything specific to the astrobiology field (and therefore to their work) in particular. This may 

decrease their feelings of responsibility for these issues, as they are deemed outside the scope of 

their field. The exception to generality would be ethical commitments regarding the 

contamination of extraterrestrial environments. 

 

A lack of institutional support 

 

Institutional structures also factored into scientists’ views on their responsibility and on 

their ability to practice responsibility. A few participants reported they were not able to engage 

with social and ethical issues (SEI) or to perform outreach—at least, not effectively—due to 

institutional structures and a lack of institutional support. The main barriers participants 

identified were being pressed for time due to the demanding nature of research and being under-

qualified due to a lack of training. One research professor told me: 

 

“Yeah, I'm interested [in these ethical questions] [...] But honestly—I think I'm speaking 

for most scientists—we are so strapped for time, that the idea of adding another layer of 

social impact... just trying to come up with solid experiments, I can't imagine adding 

more to what I do. It'd be just like me having a sociologist talking to me, and they're like, 

‘Why don't you work on the detection limit while you're there?’ [...] I think it's an extra 

layer that I can't take on.” 

 

Participants explained that even for scientists who genuinely enjoy and want to do 

teaching and outreach, it can be difficult given that they “get kudos” for publications, not 

outreach, and that even teaching as a university professor is “not recognized” or rewarded. A 

postdoc told me that “there should be room in [scientists’] schedules and their lifestyles” for 

engagement with the public and policymakers, “they shouldn’t just have to do it in their spare 

time.” And a former researcher, who has now transitioned to a teaching professorship, 

elaborated:  

 

“I just fear that modern science nowadays almost forces you to be like 100% research [...] 

it makes it incredibly, incredibly difficult, like, even teaching one class, my friends who 
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are at PhD-granting universities, even teaching one class and they're just like every 

second spent on that class and they're just kinda looking at their watch. As much as they 

love engaging with their students [...] they feel under such pressure to produce results that 

it just necessarily chips away at not just the other aspects of your job, but the other 

aspects of your life, all your family life and everything else [...] But now it's actually a 

thing that everybody talks about in science, that this is unhealthy, we're chasing away a 

lot of good people [...] And so it's just too bad that the way the whole scientific game is 

set up these days.” 

 

These participants emphasized that the structure of the institutions they work within does 

not encourage or even enable them to devote a significant amount of time and energy to 

contemplating social and ethical issues or to outreach and engagement (even though some 

federal grants, such as NSF grants, require outreach components).101 

Other researchers felt that they themselves and/or most scientists were not qualified or 

trained to contemplate social and ethical issues (SEI) or to be effective science communicators. 

A postdoc pointed to a lack of institutional support and training as the reason scientists’ are 

underqualified to perform effective outreach, especially to marginalized communities. “Because 

of how exclusive academia is, a lot of people don't know how to talk about effective ways of 

doing outreach, specifically for marginalized peoples,” they said. “So it's not just the fact that 

we're not doing outreach, it's also the way that people do outreach typically also needs to be 

discussed collectively.”102 Still other researchers pointed out that science and science 

communication are separate skills, and that a tension exists between whether science 

communicators or scientists are better suited to engagement. 

The difficulty of attending to social and ethical issues within higher education and other 

research institutions has been highlighted by scientists in other fields. Past studies have found 

that while outreach is an extremely common practice, “scientists of all types [...] viewed outreach 

as a form of volunteer work that was auxiliary to their other responsibilities,” due in part to 

higher priorities (such as research) that take up much of their time and “the lower value placed 

on outreach by departments” (Andrews et al. 2005:281). Some nanotechnology researchers have 

argued that universities are responsible for creating an environment in which students are 

educated about SEI and in which faculty are rewarded for their active involvement in these 

issues (Viseu and Maguire 2012; pg. 204-5). It would indeed be absurd to pin full responsibility 

on individuals; institutions have a role to play in enabling and incentivizing socially and ethically 

responsible reflection and practices.  

 

Responsibility for impacts: a minority view 

 

Reflecting the focus of their concerns, participants overwhelmingly viewed their 

responsibility not as accountability for the risks of discovery or sample return, be they social or 

biological, but more often as a responsibility to science—to make science and scientific 

 
101 Although, a PhD student told me that there is no mechanism “to hold and assess grantees accountable 

to actually ensuring that they do outreach. Because there's no follow-up [with NSF research grants ] [...]  

it's something that I think is standard that a lot of people just don't do. And you know this outreach 

section of grants just gets really neglected and put off until the last minute and just kind of like 'eh, just 

make something up,' and it's just not, it's not appropriate.” 
102 See Appendix III exhibit 30 for a more complete quotation. 
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knowledge more accessible or equitable, or to promote and protect astrobiology research and the 

institution of science.  

This lack of emphasis on risks in responsibility mostly matches findings by Wyndham et 

al. (2015); of the 509 scientists and engineers who responded to an open-ended question, “Please 

note below any other important responsibilities of scientists and engineers,”103 only 15 used the 

word ‘risk’ in their answer. Wyndham et al. hypothesize that scientists may think of social 

responsibility in terms of maximizing benefits, and less so in terms of minimizing risks. Even 

those respondents who did speak about risk did so in the context of weighing risks against 

benefits; only two wrote instead about the “risks of newly discovered phenomena” and the 

“willingness to innovate and take risks” (Wyndham et al. 2015:27). While astrobiologists 

thought of social responsibility as maximizing benefits in the sense that they focused on 

advancing science and performing services to the public—both positive framings that 

emphasized the benefits of these actions—they departed from it by emphasizing risks to 

science.104 

Only three participants in this study claimed any responsibility for the potential negative 

impacts of astrobiology research on Earth (for example, if sample return were to result in 

harmful back contamination). Even these answers, prompted by a variation of the question, “To 

what extent, if at all, do you feel responsible (either individually or as part of a community) for 

the potential implications of this area of research?”, were hesitant and contained many caveats. 

Riley, a JPL geosciences researcher with a leading role in the Mars 2020 mission, conceded:  

 

“I think if those samples came back and then wiped out 75% of the human population 

because we brought some pathogen to Earth, I guess I would feel responsible for that. 

Not because I had any nefarious goal of wiping out 75% of the Earth's population. But 

because I was responsible for carrying out and supporting Mars Sample Return. And I 

would feel responsible, I think, inevitably, for that. And so I think that the answer is 

probably yes. Although at the moment I don't, because it hasn't happened and there hasn't 

been anything negative associated with our continued search for life and the idea that we 

wanna search for signs of ancient life and bring samples back to our planet. I don't feel 

responsible right now for anything. But I could envision a scenario in the future where I 

would be.” 

 

Riley’s answer demonstrates two ideas that help explain why so few participants 

expressed a sense of responsibility for the impacts of sample return or of life detection: First is 

her comment that although she might feel responsible in a future hypothetical scenario, she does 

not have responsibility currently because so far there have been no negative outcomes associated 

with astrobiology. As Diprose et al. (2008) write, this “shifts the notion of responsibility for 

physical security from an emphasis on liability for past actions to the responsibility for the future 

inherent in present acts, which, in the absence of certain knowledge, is responsibility without 

fault” (Diprose et al. 2008:270). Potential but as-of-yet unrealized consequences—consequences, 

as we have seen, that astrobiologists generally believe to be extremely unlikely—have little 

influence on scientists’ sense of obligation and accountability, especially when compared to 

threats to science and astrobiology that have come to pass (e.g., other participants described: the 

defunding of exobiology following the Viking missions’ ‘failure’ to find life; concerns about 

 
103 2153 scientists were surveyed overall, but most left the question blank. 
104 Although, perhaps that is separate from social responsibility. 
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result reliability and public acceptance of discovery stemming from the Allan Hills Meteorite 

and contested Viking experiment results; and the more general issue of perceived declining trust 

in science and scientific literacy).  

Second, Riley says she did not have “any nefarious goal” of back contaminating the 

Earth. Based on participants’ emphasis on the importance of intention in forward contamination 

and the pollution of extraterrestrial ecosystems, we can infer that scientists also feel little 

responsibility for backward contamination because it would represent a freak accident of sorts—

one in the name of science—rather than a purposeful or inevitable outcome of sample return. To 

use an extreme example, we might think of this as similar to the difference in responsibility for a 

scientist developing a nuclear bomb, which is obviously intended for morally odious purposes, 

versus a scientist working on a nuclear reactor for the purpose of clean energy; the latter 

scientist’s efforts could result in a nuclear accident, but health and environmental consequences 

were neither the intention nor the unavoidable product of their work. Thus astrobiologists view 

the risks of sample return as a highly unlikely byproduct of a fundamentally noble and exciting 

scientific project.  

Riley’s response exclusively addressed the impacts of biological contamination of the 

Earth. But some scholars anticipate potential social impacts of discovery, for example the 

disruption of religious or philosophical beliefs and worldviews (Dick 2018). No participants felt 

responsible for an outcome of this nature. As Cameron showed earlier,105 scientists felt they have 

a responsibility to uncover the truth about life in the universe, but are not responsible for how 

people might react to discovery. “Ken,” an assistant professor who heads a research lab at his 

university and specializes in environmental microbiology and microbial ecology, expressed 

similar sentiments. When I asked whether Ken feels responsible for negative impacts that could 

result from astrobiology research, he replied: 

 

"Uh, short answer, yes. But there's a lot of ‘buts’ to that, right, I mean it really depends on 

what level you're talking about. Like, so, the risk of backward contamination is [a] very 

different ethical issue than the overall implications of detecting life at all, right." 

Jessica: "And so, I'm assuming for the former you would feel more responsible, and for 

the latter, less?" 

Ken: "Yes, yeah." 

 

 
105 "I think that we can’t necessarily be held to...be responsible for… say a negative implication about 

uncovering a truth about the world, about the universe. Because that’s what we set out to do, and we don't 

decide what the truth is—we decide that we're going to investigate what the truth is. And it's up to all of 

us together collectively, not just scientists, to decide how we handle that. And so maybe the answer is for 

example, well life is very rare, and we’ve found a compelling reason for why, I don't know what that 

would necessarily be, but for example let's say that's true, and it’s disappointing, and so are we 

responsible for that disappointment that people may have? And I think that the answer is we’ve uncovered 

a truth, and that’s important, and there's some interesting implications of that, but that that wouldn't be 

necessarily our fault for investigating. And then the other end of that is that there's a perception at least 

that discovery of alien life could negatively impact some people, their belief systems, because for 

example they have a religious reason why they would not like there to be life elsewhere... and I think that 

again you know scientists you know it's not up to us to package the truth in a way that is acceptable to 

everyone—it’s to present the truth and so...and so I don't think that the scientists would necessarily be 

responsible for negative implications of a positive discovery of life or a negative discovery of life." 
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 Thus, the few researchers who felt responsibility for the impacts of astrobiology research 

on Earth viewed that responsibility in terms of physical, tangible back contamination, and not in 

terms of “the overall implications of detecting life.”  

The third and final participant who claimed any responsibility for research impacts 

introduced another approach: ‘Who bears responsibility for the research endeavor’s undertaking 

in the first place?’ (sometimes called ‘problem selection’). As Resnik and Elliot (2016) point out, 

“one kind of ethical challenge related to social responsibility is deciding whether proposed 

research is worthwhile. This is a question scientists cannot avoid, since engaging in research 

involves at least an implicit endorsement of its value” (Resnik and Elliott 2016:6). Although a 

few participants we heard from previously said they had a responsibility to do this research 

because they have a public mandate, this scientist pointed out the opposite may be true: perhaps 

it is researchers who direct interest and resources towards astrobiology projects. When I asked to 

what extent he felt responsible for the potential implications of astrobiology research, Sean 

replied: 

 

“...it’s something that sort of day-to-day doesn’t come up, but when—if we were to sit 

down and think about, we would probably conclude that we do bear responsibility for the 

consequences. You know, we’re the ones pushing for it. So you know I guess, I guess 

that confers some degree of responsibility...” [said hesitantly.] 

 

Sean explicitly countered the idea that government agencies by funding astrobiology research 

(and the public, by implicitly supporting the government) were motivating this endeavor. He 

continued: 

 

“No, I don’t think that’s right. Because [...] when you write a proposal, especially like a 

NASA proposal, if you are not very, very driven and motivated when you write that 

proposal, you will not get funded. [...] If you’re a PI on something, then I don’t think you 

can justifiably say ‘Oh it’s not me who drives this research.’ ‘Cause when you write those 

proposals, you have to make your case so well in order to get funded. So if you’re a PI 

and you’re tenured and you have funding, then that means that at some point you wrote a 

series of proposals where you very, very strongly pushed for a given type of research. [...] 

You have to have convinced a committee to hire you to do that research. You have to 

have convinced a review panel to fund your research. So, you could argue that, like, if 

NASA was only doing stuff that the public hated, then eventually the public would elect 

different officials who would withdraw that power. But, I mean, that’s a bit of a stretch, 

because NASA is made up of people who are in the public.” [emphasis in original]106 

 

Sean proposed that scientists might be accountable because they provide (at least part of) 

the impetus behind astrobiology research and influence the “subjective decisions there in terms 

of which things get investigated and which things don’t.” 

The diagnosis that researchers themselves drive research topics is consistent with other 

participants’ accounts. Without drawing the conclusion that they were responsible for driving 

astrobiology research, multiple participants spoke about the effort that goes into convincing a 

review board to fund their research and identified funding as the limiting factor on their work. 

For example, a planetary scientist and assistant professor remarked: 

 
106 See Appendix III exhibit 28 for a more complete quotation. 
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“Funding of course is an issue, and you can't conduct science without funding. But there's 

a competitive process to get that funding and it involves convincing other scientists that 

your science is valuable. The overall of course success rate is partly dependent [on what 

is] in the pool…” 

 

A biologist, geologist and assistant research professor told me: 

 

"I am [a] soft-money scientist. So my research is limited only by my imagination. So 

from that perspective, I have an incredible amount of autonomy. But yeah, money is the 

big issue. I have the ideas, I write the grants, and then you may or may not get the grant. 

So you have to keep pushing and keep finding, working, and if you're really passionate 

about it, you keep pushing forward in that direction, but sometimes there's just like... 

People are not gonna fund that question..." 

 

Thus although only one participant suggested that researchers themselves may play an 

important role in driving astrobiology research, several other scientists acknowledged a key 

component of his reasoning: they work hard and engage in a highly competitive process to 

persuade funding institutions and other scientists that their research is important and more 

deserving of resources than other projects. Though uncommon, this reasoning would expand the 

issue of responsibility beyond responsible practice to include some measure of responsibility for 

the research undertaking itself—and therefore for its outcomes.  

 

The large majority of participants did not address the potential biological or social 

impacts of discovery, and the few who did said they would feel only slightly responsible for back 

contamination, if it came to pass. It is difficult to say whether participants were inattentive to 

back contamination primarily because they believed dealing with the risks and implications of 

back contamination are somebody else’s responsibility, or whether they view the probability as 

so remote that it does not bear consideration. 

Why did so few participants indicate this responsibility? Participants’ responses (or lack 

thereof) indicated that with few exceptions, they did not even consider backward contamination 

as something they might potentially be responsible for. Rather than deny accountability for 

contamination, they simply did not interpret my question or approach answering it from this 

perspective; back contamination was ‘off the radar’ or existed outside of most researchers’ 

‘frames.’ To borrow from Powell (2007):  

 

“The term ‘frame’ refers to the ways that people, in this case scientists, organize their 

thoughts, feelings, and other perceptions into meaningful narratives. Frames are 

‘persistent patterns of cognition, interpretation, and presentation, of selection, emphasis, 

and exclusion, by which symbol handlers routinely organize discourse, whether verbal or 

visual’ (Gitlin 1980:7). Individuals’ frames are shaped by the larger groups they are 

associated with, but are also situated in particular times and places. Frames among 

various groups are stories or narratives that help individuals in these groups make sense 

of their experiences and feel secure” (Powell 2007:174). 
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 Frames are a form of boundary-making (very similar in this case to researchers’ 

demarcation between science and society); they determine what will be discussed and what will 

not, and also how it will and will not be discussed (Powell 2007:174). Narrative risk frames (in 

contrast to quantitative risk assessment, for example) are especially relevant to fields such as 

astrobiology that involve a great deal of uncertainty and cannot rely on ‘scientific’ answers (at 

least at this point in time) about the exact nature and likelihood of risks (Powell 2007:174). 

Participants excluded backward contamination from their risk (and therefore responsibility) 

frames and placed many ‘non-scientific’ (e.g., social and ethical) issues outside the boundary of 

their responsibility frames as well.  

The structure of astrobiology research also contributed to participants’ lack of 

responsibility for potential impacts. Typically funded by national, public grants, conducted in 

teams, and working incrementally towards a larger and uncertain goal, no one researcher would 

be single-handedly responsible for a positive or negative outcome. 

A few participants told me they did not feel responsible for astrobiology’s potential 

impacts because they are only a small part of a larger endeavor or have "low impact." In the 

words of one researcher: "I'm just a small player in all this is how I view it, but that's the way 

science is done a lot of times [...] I have a role, but it's a small role."  

Finally, it is interesting that participants did not couch responsibility in terms of 

protecting extraterrestrial life and environments, in spite of their concern for and (sometimes 

quite strong) ethical opinions on these issues.  

 

“We’ll cross that bridge when we get there” & “It’s out of my hands”: SEI as a future 

problem for someone else  

 

 Another theme related to responsibility emerged from participants’ responses to questions 

about the ethical status of and ethical interactions with ET: the idea that decisions about how 

humans will interact with extraterrestrial organisms are more or less out of scientists’ hands. 

Two major views led researchers to this conclusion: (1) the idea that it is unnecessary (or even 

impossible/futile, given incomplete information) to address ethical questions and formulate a 

response to detection at this early stage and (2) the idea that someone else besides scientists—

whether another group of experts such policymakers and philosophers, or society at large—will 

be responsible for making these decisions. Some participants felt they were not qualified to make 

these decisions, and a small number implied that they would not be able to influence these 

decisions even if they wanted to. By expressing that their opinions on or rationales for ethical 

frameworks would be irrelevant, or that the issue did not bear thinking about at this point in time, 

participants performed boundary-making that excluded ethical decisions from their purview and 

frame of responsibility. 

 Astrobiologists’ tendency to cede responsibility and ethical decision-making to 

politicians and policymakers is especially interesting given the concerns they raised about 

impure political motives and political involvement in science. In other words, researchers 

transferred responsibility to the same group whose responsibility they seriously questioned.  

One participant, a public university professor with an environmental microbiology lab 

who repeatedly described himself as “a pragmatist,” presented both views in one; he insisted that 

ethical discussions are a “moot point” until life is actually discovered, and that even then, the 

decision will be up to society at large and not the domain or discretion of scientists. Ken 

explained that although arguments about the ethics of interacting with ET and what to do in a 
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discovery scenario are “very important discussion[s] to be had,” they are “obsolete” and “void” 

until life is actually discovered. And while discussions about how to deal with the detection of 

complex life “are interesting and important,” said Ken, “I don't think this is something we have 

to worry about for the next 15 or 20 years.”  

Multiple other participants, without (explicitly) advocating to postpone ethical 

deliberation until the event of discovery, pointed out the challenges that enormous uncertainties 

pose to ethical and practical planning. “At the end of the day,” said one postdoc, “the problem 

comes down to the unknown unknowns aspect. [...] We don't have a sufficiently complete picture 

and knowledge.” Speaking on what might qualify as ‘harmful contamination,’ another 

participant suggested that given the uncertainties involved, these questions will simply have to 

wait: “We don't know what's out there [...] I think that we will need to cross that bridge when we 

get there, and we're not there yet.” A JPL research scientist also expressed skepticism towards 

ex-ante, a priori guidelines. Regulations created by the planetary protection office for example, 

she said, are developed “in a largely theoretical sense, preparing for a situation that hasn't 

happened yet.” She argued that “until you're actually faced with the reality of having discovered 

life elsewhere, you can say a lot of things that you think you're gonna do.” 

Implicit in the view that unknown unknowns inhibit the creation of suitable ex ante 

protocols is the idea that plans made pre-discovery may be inapplicable and that discovery may 

reveal key information or context that has yet to be considered. While this is certainly possible, it 

does not negate the value (I would argue, the necessity) of preparation and of thinking through 

various scenarios before they come to pass. Writing about astropolicy and preparations for the 

impacts of astrobiological discovery, former NASA Chief Historian Steven Dick quotes 

Eisenhower and Churchill: “Plans are worthless, but planning is everything.” Policies and 

protocols must be extremely flexible, but preparation and the contemplation of possible scenarios 

in advance allows decisionmakers to take a proactive rather than reactive approach when and if 

discovery occurs, “and to have the best chance of having a positive impact on society” (Dick 

2018, pp. 270-271). Philosopher Holmes Rolston III makes a similar point (quoted earlier107); in 

spite of overwhelming ‘unknown unknowns,’ attention, preparation, and intent prior to 

exploration and discovery give the best chance at yielding optimal outcomes.108  

In support of a priori regulation, one participant was hopeful that regulations created and 

set in stone before vested economic interests become too powerful and before environmental 

degradation is underway might prove more effective than those developed in the future.109 In 

other words, although predicting and planning for the ethical and practical implications of 

 
107 “Humans are now in a poor position to say what the formed integrities elsewhere in the solar system 

are. Speculating over what places, planets, moons should be designated as nature preserves would be 

more foolish than for Columbus to have worried over what areas of the New World should be set aside as 

national parks and wildernesses. All the same, in retrospect, our forefathers would have left us a better 

New World had they been concerned sooner about preserving what they found there…” (Rolston 

1986:171).  
108 I believe some participants would argue it is precisely because we cannot predict which environments 

will prove important that we must protect all of them, at least initially. 
109“ ...my fear of course is that if commercial spaceflight, as it gets cheaper and cheaper, and once the 

powers of corporations and so forth get involved, then the rules may end up being relaxed for the sake of 

making money or resource extraction and so forth. So I think if we can hold onto the current rules or 

make them stronger, then we’re in a reasonable position. My fear is that the rules would get eroded by 

sort of shorter-term [interests]” [emphasis in original]. (See Appendix III exhibit 14 for a more complete 

quotation.) 
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discovery without detailed information may be difficult, guidelines and regulations created in 

advance may confer unique benefits, such as reducing the influence of special interests and 

monetary motives. Even in bioethical guidelines for experimentation on research animals have a 

tendency to bend with human needs. For example, Dr. Kramer (2012) notes that: 

 

“Zebrafish embryos are not considered vertebrate animals until 7 days (168 hours) post 

fertilization [...] Zebrafish are especially useful in genetic engineering experiments due to 

their rapid maturation and relatively large egg size. Gene splicing, for example, would 

normally occur prior to 7 days post fertilization, so would meet the Savannah criterion. 

One assumes that less ‘useful’ fish would not have this restriction” (Kramer 2012:67). 

 

This brief example demonstrates how knowledge about a situation and how it serves 

one’s interests can actually weaken (bio)ethical guidelines. 

Other participants dismissed the need to contemplate the ethics of interactions with ET 

because they had confidence rules and guidelines (e.g., through some type of ethical review 

board) would arise when needed. Leslie, for example, mused that for anything more advanced 

than an iron-reducing bacteria, “I think we'll have to come up with some regulatory agency.” She 

continued: 

 

“We don't have any idea of what [life is] going to be. So if it's just a simple microbe 

eating a rock, then that's great, slap it in a tube. But if not, don't slap it in a tube. Maybe 

think about it before you do anything to it. I'm sure there will be a regulatory agency on 

that whatever happens.” [Emphasis is mine]. 

 

Although Leslie is hesitant to interfere with life of even moderate complexity and says 

scientists should “think about it” before acting, she doesn’t feel the need to contemplate the 

question—partly because she is confident that, when the time comes, there will be regulations in 

place to make those decisions for scientists. Many participants expressed similar sentiments: 

because rules will be implemented (by someone else) in time to guide ethical decisions, the 

myriad hypothetical scenarios scientists and explorers might encounter in the future do not bear 

detailed consideration now. “There should be something that talks about it, and defines rules and 

how to react to it and how we should behave in such a case,” said one professor and laboratory 

lead. “I don't have all the right answers since it’s not necessarily my field,” a PhD student told 

me, “but I know a lot of people who are working on specific guidelines for planetary protection 

and [...] ensuring that when we do find life, we have set rule of guidelines [sic] to follow.” 

According to another professor, in the unlikely event that “more advanced forms of life” are 

discovered, “I think that would require more detailed conversations, sort of like an ethical review 

board at a university.”  

Thus, in addition to viewing ethical and regulatory issues as non-science and outside their 

purview or qualifications, astrobiologists may view regulation as a matter of course. This 

phenomenon echoes findings in other fields. As McCarthy and Kelty discovered in their study of 

nanoscientists, research proposals that included the study of downstream impacts and safety 

implications were sometimes met with dismissal or confusion partially because the inclusion of 

these issues was presumed. One of McCarthy and Kelty’s participants explained:  
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“[Reviewers] would [...] say: that there's nothing new about [this], of course we're going 

to do this. Why are you calling it out? [...] It's kind of like, well, of course you're going to 

have to raise money to start a company. Why are you calling it out? It's a natural part of 

your path. It was more like it was [pause] they did not see it as an endeavor of its own, 

you do it at the end of the time. Downstream you run a toxicology test. Why is this 

science, right?” (McCarthy and Kelty 2010:416). 

 

Thus, astrobiologists avoided social and ethical issues (and back contamination) in part 

because they view these questions as a matter of course to be handled by someone else, at a later 

stage, just as they are for every scientific project. SEI and back contamination were not viewed 

as part and parcel of scientists’ work or of their responsibility.  

Multiple participants expressed a related but slightly different attitude from allocation to 

other experts: that ethical decisions are not the purview of scientists but rather of society as a 

whole. In this camp’s view, as the following two participants emphasized, scientists will not be 

the only or even major decisionmakers. Ken said that before a probe is launched to a likely 

habitat for life, 

 

“there needs to be a broader discussion for all of society and politicians and philosophers, 

basically: how do you deal with this? You know in case you really find something, how 

do you deal with this? Because this is obviously not something that science itself can 

answer, I think.” [Emphasis in original.] 

 

A planetary scientist likewise identified society and policymakers as the parties 

responsible for astrobiology’s potential impacts. He asserted that while “scientists are really 

important for understanding the nature of the risk and quantifying the risk and mitigating against 

the risk,” it is up to policymakers to set an acceptable level of risk or of contamination, and “it's 

up to all of us together collectively, not just scientists, to decide how we handle” discovery. 

Cameron broadened the group responsible for impacts and decisions from experts to society as a 

whole and separated the scientific discovery from its impacts, arguing that once discovery is 

made, responsibility passes from scientists to society. With the caveat that he chose a 

purposefully extreme example, another participant argued:  

 

"Scientists can tell you how to build a nuclear bomb; and society needs to decide whether 

it wants to use it [...] Science might be able to tell you to build a nuclear reactor, but 

society might decide, ‘no, we don’t want any nuclear power,’ because of the implicated 

risks or whatever. And this has nothing to do with scientific facts or data anymore, right, 

at this point, this becomes a societal, ethical issue. Do you want genetic engineering? I’m 

pretty sure within the next ten years we can genetically engineer human babies [...] 

Personally, I don’t think it’s a good idea, because this is very close to eugenics. But again 

[...] together we need to come up with these, how do we treat that, right, and then make 

laws that are broadly applicable [...] These are ethical considerations that we as a society 

need to make, that [scientists] cannot and should not decide for themselves." [Emphasis 

in original.] 

 

Ken separates “scientific facts” that enable detection from the “societal, ethical issue” of 

how to respond to detection. The latter, he argues, is a societal decision. The phenomenon 
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participant sidestepping responsibility for social and ethical issues in spite of their sometimes 

strong opinions on the matter aligns with McGinn’s (2008) hypothesis that although 58% of the 

1,000 nanotechnology practitioners he surveyed indicated it was important for ethical issues 

related to their field to be considered, if his survey question had instead asked how important it 

was for the respondent themselves to consider these issues, as opposed to someone else, “the 

aggregate result would probably have been significantly different,” because researchers are 

extremely busy (McGinn 2008:104). 

A few participants in my study did in fact report that although they would like to think 

about these topics more, they lacked the time, resources and bandwidth to do so. And others 

professed strong opinions on the bioethics and environmental ethics of exploration, but doubted 

their ability to influence these same issues. These participants expressed a sense of 

powerlessness or resignation. One researcher told me:  

 

“Sadly, I think the mining will happen if we can get there, if it has some sort of resource. 

I don't... That'll be a global, what's for the better good? I don't think it matters what I 

think. I think that's gonna be a political decision. No, I don't necessarily think it's right, 

unless we are able to get there and characterize all life forms.” 

 

 Finally, an interesting outlier emerged within the theme that SEI issues dealing with ET 

and Earth security are out of participants’ hands: musing about the big picture, one participant 

remarked that contact (or lack thereof) between life forms in the universe—and whether those 

encounters benefit or harm the parties involved—may be inevitable. Perhaps, this researcher 

suggested, the outcome is ultimately out of everyone’s hands, and our “illusion of control” is 

only hubris. Perhaps our actions have little to no effect on this long-term equilibrium. “These 

kind of encounters, whether they're destructive or positive [...] maybe it's just inevitable that the 

different forms of life are going to encounter each other eventually,” said the researcher.110 

 

 We have seen that a subset of participants sidestepped questions about the ethical status 

and treatment of extraterrestrial life by stating that it was out of their hands. Researchers 

variously viewed the ethical issues implicated by detection as premature, given our lack of 

knowledge or the hypothetical nature of the scenario; as an issue that would be regulated by 

other experts when the time comes, or submitted to society at large; or, as a decision they were 

not able to influence even if they wanted to. In all these instances, scientists defined SEI as non-

science and placed it outside the purview of their responsibility. Nevertheless, although plans 

may be expected to change drastically or even require complete revision in highly uncertain 

situations like astrobiology research, the planning process remains invaluable.  

 

The impact of disciplinary background & work experience 

 

 
110 “The kind of like inevitability argument would say, well, because life spreads out and diffuses and 

discovers [...] Even if you prevent some of those encounters, there will be other alien species that are 

more liberal with the rules, who will try and do these exchanges. And so, if you're more cautious, you're 

just prolonging the inevitable, and maybe disadvantaging yourself. So I don't know whether I agree with 

that viewpoint, but [...] maybe it's like, these kind of encounters, whether they're destructive or positive 

[...] maybe it's just inevitable that the different forms of life are going to encounter each other eventually.” 

[emphasis in original] 
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 Disciplinary background and varying research experiences influenced researchers’ risk 

and responsibility frames as well. I hypothesize that astrobiologists who do fieldwork, 

particularly in Earth analogue environments (which tend to be remote, pristine, and protected), 

register greater concern for extraterrestrial life and environments’ protection, feel greater 

responsibility to preserve them, and have a greater estimation of their fragility (as opposed to 

their colleagues whose work is primarily theoretical or lab-based). The influence of work 

experience was also showcased by scientists working on detection limits, who perceived a 

greater risk of forward contamination.  

One field researcher likened the perspective gained from field research to the overview 

effect, and explained and explained that she is very careful when working in analogue 

environments to avoid contamination, even beyond the benefit of science. 

  

“I guess that idea of respect for a new ecosystem or for any type of life, holds true in the 

work that I do. So if I'm going into a new environment, I want to leave it looking like it 

did when I... before I got there. Because yeah, morally, I can't do anything else other than 

that. [...] I think when you start to explore these kinds of places [...] which are so 

incredibly remote, and probably only a handful of people have ever been there [...] you 

have this sense of, that this is this pristine environment that has existed for long before 

you ever walked across it, and so what right do you have to change that? Because we're 

just a blip on the horizon. And these systems are so fragile, especially if you're looking 

[at] an Arctic or Antarctic environment, they are so fragile. They can change so 

drastically with just like small [word incomprehensible]. So I think if you are a field 

biologist or a field researcher doing that kind of work, like you tend to have that... I feel 

like you tend to develop that perspective and realize that you do have to be really 

careful.”111 

 

She continued to explain the unique perspective gained from field research: 

 

“Perspective changes a lot. And I would liken it to [...] how astronauts talk about the 

Earth after they've been [...] to orbit, and the context and the change in perspective that 

that provides them with, and the understanding. And I feel like to a certain extent, that 

being in the field and being these incredibly beautiful, pristine environments gives you 

that perspective to a certain extent. You understand how precious these places are.” 

 

Francis, an aquatic ecologist and geobiologist with extensive Antarctic research 

experience, likewise spoke about striving to protect lakes and valleys from contamination and to 

not leave too many marks on the environment while performing field research. “We take great 

care in not cross-contaminating the lakes, or trying to mitigate the amount of impact we have 

from our camps, by making campsites small and trying to keep them in the same place year to 

year. [...] That is the kind of stuff that permeates all the work that we're doing,” said Francis. 

And, when I asked Francis whether we should have considerations for environments or planets 

themselves, he drew parallels to Earth environments he has worked in (such as dry deserts) 

where simply driving across the landscape can leave marks that last human lifespans. He 

elaborated: 

 

 
111 See Appendix III exhibit 29 for a more complete quotation. 
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“That’s the kind of thing that we have to think about even on the Moon, or anywhere we 

go in general, is everything we touch is going to leave a mark. So how do we do that in a 

responsible way, so that we don't just end up trashing the whole surface which is 

completely pristine? Dry valleys are a good example for that, in the polar environments. 

McMurdo Dry Valleys have been ice free for like the last 2 million or so years, 3 million 

years, and have formed this really delicate balance of how the soils form and how they’ve 

been laid down. Of course if you have everyone and their brother out there walking 

through it, it tears it up, so you end up losing the science value and the inherent beauty of 

the place, and things fall through. So, it's, again, it's one of those things where you just 

can't just walk in and set up camp and say, ‘Let's just mine the place and do what we 

want to do.’ I think we’ve got to really think hard about how we go about doing any of it, 

and how to mitigate those problems and issues.” [Emphasis in original.] 

 

Thus participants’ firsthand experience with analogue environments sensitized them to 

these ecosystems’ delicate nature (and thereby to extraterrestrial ecosystems); to the serious and 

abiding effects that even small-scale actions can have on those environments; and to their 

intrinsic and extrinsic value.112  

Other disciplinary differences emerged as well: scientists working with detection 

instruments and limits, for example, were more attuned to the risk of false positives from 

contamination compared to atmospheric planetary scientists. Some researchers who did not work 

on detection, though cognizant of the need for planetary protection, reasoned that with good 

enough bioinformatics, experiments could distinguish between contamination from Earth and 

indigenous extraterrestrial life. However, scientists who worked more closely with detection and 

instrumentation tended to disagree.113 For example, a chemical oceanographer and research 

professor whose current work focuses on proteomic mass spectrometry, helping define what 

tools should be developed and sent to space for life detection, explained that working in the lab 

with samples from Earth analogue environments such as the Arctic and Antarctica,  she and her 

colleagues are “in really, really small or low detection limit type of work” and constantly worry 

about human skin particles and other contaminants generating false positives—but, at least 

scientists on Earth can check positives to see if they match with the range of likely contaminants, 

in order to determine whether they are false or true. 

 

“Now, if you're on another planet and you have some sort of weird bacteria from Earth 

that is attached to your lander, but you didn't know it—there's a lot of different bacteria 

 
112 Francis also emphasized the difficulty of even measuring our impact on Earth analogue environments 

(e.g., how far did the wind carry contamination from its points of origin?). Francis wished his teams were 

able to secure funding to study these issues as they apply to planetary protection on Mars (rather than 

researching them on the side of their own volition), and lamented the lack of funding for research on 

planetary protection as a necessary part of astrobiology. 
113 This view does exist within the literature, typically put forth by scientists who view planetary 

protection requirements as counterintuitive, overly burdensome, or prohibitively expensive. For instance 

some experts (Fairén et al. 2017; Fairén and Schulze-makuch 2013) argue for a reduction in planetary 

protection restrictions that they view as excessive, in part to accelerate the timeline for looking for extant 

life on Mars. These authors believe some planetary protection measures are unnecessary because (1) 

lasting contamination of Mars is unlikely and (2) scientists would be able to distinguish between 

indigenous and non-indigenous life, even if both were present. However, other experts (e.g., Rummel and 

Conley 2017) argue that strict contamination control measures remain crucial for the sake of science. 
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on Earth114—and then that type of contamination is a different problem. Trying to 

decipher that it's a false positive is much, much harder.”  

 

Even sending a spacecraft or lander with dead particles to Mars, she said, “would negate 

everything we’re trying to do.” Thus, astrobiologists’ specific disciplinary backgrounds and 

research practices shaped their understanding of risk and sometimes responsibility.  

Research in other emerging technology fields such as nanotechnology reinforce the idea 

that disciplinary background and researchers’ location in the development process impacts risk-

benefit perceptions. For example, “upstream” nanotechnology researchers working in 

laboratories to develop new technologies “are more likely to emphasize benefit and downplay 

risk, while downstream scientists (i.e., studying the effects of nanomaterials) do the opposite, 

emphasizing risk and downplaying benefit” (Larsson, Jansson, and Boholm 2019:57). 

Downstream scientists also considered a wider range of uncertainties than their upstream 

counterparts; were more likely to think “to think that concerns about potential nanotechnology 

risks are based on valid science;” and placed environmental and health risks “into broader and 

longer-term contexts” compared to upstream scientists (Powell 2007:184). All the 

epidemiologists and toxicologists Powell interviewed expressed concern over nanomaterials’ 

“unforeseen” and “unintended” consequences. A toxicologist “felt that it was extremely unlikely 

that there would not be unintended consequences related to nanomaterials,” given that many of 

the chemicals developed over the past 100 years have had unpredictable ramifications (Powell 

2007:182).115 While many astrobiologists placed risks into broader and longer-term contexts of 

climate change analogy and colonial exploration, field researchers also drew specifically on 

Earth analogue illustrations. This disciplinary divide has also been observed among scientists 

working on genetic modification within the same biotechnology company; researchers from 

environmental, land management and farm systems backgrounds, who presumably bring a more 

“holistic, integrative” perspective, displayed more negative views toward genetic modifications 

than scientists trained in genomics, reproductive technologies and plant breeding (fields which 

may represent “more reductionist scientific approaches”) (Powell 2007:176). 

Thus downstream and environmentally-focused scientists trained in more integrative 

disciplines are more likely to recognize risks. Analogue environment researchers in this study 

likewise had unique perspectives on responsibility and were often more attentive to the risks of 

contamination and degradation of extraterrestrial life and environments, due to their first-hand 

experience with the difficulty of preserving pristine, fragile ecosystems on Earth and their 

 
114 Our planet’s microbial biodiversity is staggering. Researchers “predict that Earth is home to 1012 or 

more microbial taxa” (Lennon and Locey 2020:1). Biologists at Indiana University estimate that out of 

the tiny fraction of species humans have catalogued—one-thousandth of one percent— “only about 

10,000 have ever been grown in a lab, and fewer than 100,000 have classified genetic sequences," leaving  

“100,000 times more microorganisms [than we already know] awaiting discovery—and 100 million 

[times more] to be fully explored” (NSF 2016; Lennon and Locey 2020). This uncharted diversity 

presents an additional challenge to astrobiologists, because a spacecraft might bring along (and later 

detect) an organism we would not necessarily recognize as Earth life because it would be unfamiliar to 

scientists. 
115 A toxicologist reasoned that “history is filled with example after example of unintended and somewhat 

difficult to predict consequences, so it would be absolutely extraordinary if through some miracle 

nanotechnology was exempt from those patterns” (Powell 2007:182). This echoes some astrobiologists’ 

reasoning in the present study: that precedents of exploration should give pause about the unpredictable 

consequences of interference with other environments. 
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training in a discipline more keyed into the integration of life. Powell’s and Fisher et al.’s 

findings also imply that epidemiologists, virologists, or scientists familiar with invasive species 

might be more attuned to the threats of back contamination compared to astrobiologists as a 

whole.  

 

Situating astrobiologists’ responses in theories of SEI practice and political rationality of 

scientific responsibility 

 

 In the context of other research, scientists viewed SEI as a problem of the public and 

beyond their own expertise, and aligned with the ‘demarcation’ political rationality of scientific 

responsibility.  

Viseu and Maguire (2012) identify three ways researchers “performed” social and ethical 

issues. Most commonly, social and ethical issues were seen as a problem researchers needed to 

solve or an obligation they had to fulfill through outreach; this group viewed “the problem” as a 

lack of general science knowledge among the public, or else engaged in public outreach because 

grants and other funding sources required researchers to communicate outwards and to integrate 

“wider societal benefits” into their work. Other participants did not view social and ethical issues 

as their responsibility. These researchers generally felt they were unqualified or unable to make 

an impact on social and ethical issues, which fell instead under “society’s” purview. Still another 

group viewed and implemented social and ethical issues “as part of everyday safety procedures 

and toxicology” (Viseu and Maguire 2012:199).116  

The former two modes were common among astrobiologists, but not the third. Like 

nanotechnologists, “by describing SEI as a problem of the public,” astrobiologists relegated these 

questions and responsibilities to “outside the realm and responsibility of proper science” (Viseu 

and Maguire 2012:201). Also like Viseu and Maguire’s participants, participants in this study 

struggled to communicate to funders, policymakers, the public and the media in a way that is 

understandable and justifies their research, but does not overhype its promise and importance. 

And, like Viseu and Maguire’s participants, some astrobiologists expressed that either better 

training scientists to communicate or “outsourcing” the job to better-qualified social scientists 

(or, in my participants’ case, specialized science communicators) might lead to more effective 

communication (Viseu and Maguire 2012:201). 

The astrobiologists in this study could also be seen as subscribing by and large to what 

Glerup and Horst (2014) term “the demarcation rationality,” a common political rationality and 

view on social responsibility in science that the authors identified in many academic journal 

articles. My participants professed the demarcation rationality in the sense that astrobiologists 

and demarcations both tended to: (1) view science as a “noble and exciting” endeavor, with the 

corollary that “scientists have a responsibility of finding truths about the world” by practicing 

quality science; (2) fear “an increasing public mistrust in the capability of science to contribute 

positively to society”; (3) describe public trust “as important for maintaining science as [an] 

institution”; and (4) imply that “scientists should not feel responsible for” decisions such as 

 
116 The authors elaborate: “In the first two modes SEI are primarily described as matters of fact or perhaps 

as ‘matters of concern,’ with the public (or other scientists) remaining the object to be moved. However, 

the last mode involves a significant shift in the articulation of affect so that the scientist becomes a moral 

agent situated in the world, with the power of caring (or not caring) for others, for instance, through 

thinking about the broader value of their research, or through engagements in safety and toxicology.” 

(Viseu and Maguire 2012; pg. 207)  



82 
 

whether to build a nuclear bomb, because (a) society is separate from science and (b) scientists 

are unqualified to make these decisions (Glerup and Horst 2014:37–38).117  

The so-called demarcation rationality118 stands in contrast to, for example, “the 

reflexivity rationality” identified by Glerup and Horst as another common view in the literature. 

This camp worries that while science has made great contributions to society, “scientists do not 

assume [enough] responsibility for the wrongs” produced by science and its misapplications 

(Glerup and Horst 2014:38). In order to be responsible, scientists must acknowledge that modern 

science has become a social institution, develop self-awareness of their own motivations and 

values, and at least attempt to predict the impacts of their work on society. Scientists should be 

reflective and should “look at their own role as part of a bigger society, where actions have 

consequences at other places and other times” (Glerup and Horst 2014:39). Self-reflection on the 

part of the author reveals that this study was designed primarily from a reflexivist perspective. 

Interestingly, astrobiologists aligned even less with the “contribution rationality” — 

essentially, the idea that scientists, guided or directed by non-scientists, “have a responsibility to 

deliver results that are needed by society” rather than pursuing curiosity or knowledge for its 

own sake (Glerup and Horst 2014:41). Overwhelmingly, participants’ answers to my question 

‘What do you personally think is the most compelling reason to search for life beyond Earth?’ 

could be boiled down to seeking new knowledge. Within that general framework, participants 

sought variously to satiate their natural curiosity, to fill what they saw as ‘gaps’ in scientific 

knowledge, to reorient the human perspective away from seeing ourselves as the center of the 

universe, to help us understand the origins of life, and to answer profound questions such as ‘Are 

we alone?’.119 Although some participants also cited practical benefits, this was clearly not their 

personal or primary motivation. Astrobiology’s relative inapplicability to practical uses on Earth 

may partially explain researchers’ divergence from the contribution rationality.  

Finally, participants’ emphasis on ‘division of labor’ or boundary-making, so to speak—

the recurrent insistence that ‘they,’ ‘people,’ or ‘society’ will need to deal with the non-scientific 

components and implications of astrobiology research—puts them directly at odds with the 

‘integration’ rationality. Integrationists identify “the lack of integration between science and 

other actors in society as the main problem to be corrected” in scientific responsibility, in 

contrast to reflexivity’s emphasis on internal reflection and contribution’s emphasis on external 

control (Glerup and Horst 2014:42). In this view, genuine responsibility entails dialogue and 

integration between scientists and other specialized roles such as politicians and government 

officials as well as public engagement. These conversations should take place throughout 

technology development and research, “before knowledge and technologies are finalized and 

implemented in society, at which time it becomes more difficult to change their properties and 

the way they affect their surroundings” (Glerup and Horst 2014:42). However, my participants 

 
117 One way astrobiologists differed from demarcationists is that while demarcationists identify scientific 

“fraud and misconduct” resulting from increasing pressure for publications as the major threat to public 

trust, astrobiologists focused more on the potential of genuinely ambiguous and/or miscommunicated 

results as a threat to the science-society relationship. 
118 In this rationality, “the effort to construct a strong internal commitment to truth simultaneously 

exempts the scientific profession from taking responsibility for decisions on the direction of society, even 

though the scientists’ own insights or inventions are used in these decisions” (Glerup and Horst 2014:38). 
119 Questions about life in the universe double as both scientific and philosophical issues for many 

participants. Other participants said that finding and understanding other life might help us to better 

understand ourselves, Earth life, and/or our relationship to our environment. 
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spoke about the division of labor between scientists and social scientists or politicians, not about 

collaboration or integration between them.  

 

Results: In Summary 

 

We have seen that participants prioritized concerns for and responsibility to science and 

knowledge, first and foremost; to extraterrestrial life and environments, secondarily; and finally, 

to society on Earth. Participants’ responses focused on the relationship between science and 

other sectors of society, primarily ‘the public’ and policymakers and politicians (though a 

meaningful separation of these groups as distinct from science is questionable). Many of 

astrobiologists’ fears and obligations centered on (1) what they perceived as a deteriorating 

relationship between science and society (such as a declining trust in experts and facts, lack of 

scientific literacy, and the spread of disinformation), and (2) an awareness of environmental 

destruction past and present and the harms of colonial exploration. In relation to the former, 

researchers sought to protect astrobiology’s image in order to prevent public backlash and 

defunding. They also articulated a commitment to make science (more often science generally 

than astrobiology specifically) more accessible to non-scientists and more inclusive of under-

represented demographics. Communication and outreach emerged as the major tactic scientists 

employed to enact these responsibilities. Meanwhile, precedents of unethical exploration and 

ecosystem destruction on Earth heightened participants’ attention to (1) the potential 

environmental and bioethical consequences of astrobiology exploration and (2) their own 

commitment to protecting and respecting extraterrestrial life and environments. Participants 

expressed diverse and sometimes conflicting ethical views: that we should extend our Earth-

based frameworks to outer space, versus that these endeavors call for fundamentally different 

ethical approaches, or even have something to teach us about our home planet. 

In some cases, the uncertain and hypothetical nature of astrobiological discovery and 

scenarios presented a barrier to responsibility formation, as demonstrated by participants’ 

evasion of accountability for backward contamination; it was difficult for astrobiologists to 

prioritize, or even conceive of, responsibility for incalculable, potential, but uncertain future 

harms which their actions may or may not contribute to as one small part of a larger endeavor. 

Two ideas (which were not necessarily at odds) emerged in the face of uncertainty: a 

precautionary approach of remote observation and extreme caution to avoid unwanted, 

unpredictable consequences, and a delayed approach that kicks the can down the road, so to 

speak. The latter takes the stance that there is little point in discussing highly uncertain 

hypotheticals, and therefore we should cross that bridge when we get there. 

Boundary-making also shaped astrobiologists’ views on their responsibility (or lack 

thereof) for backward contamination and risk management, on the ethical practicalities of 

interacting with extraterrestrial life, and around social responsibilities such as public outreach 

and communication. Participants often relegated these issues to outside their purview and/or 

expertise, labelling them ‘non-scientific’ and therefore not the responsibility or domain of 

astrobiologists. Many scientists were satisfied with this arrangement because they lacked the 

desire, time, qualifications, and/or institutional support to address these issues. However in some 

cases—for example, when participants spoke about scientists being “booted to the side” by 

politicians—astrobiologists did not believe they would have influence even if they wanted it. 

Social, cultural, and historical context informed scientists’ responsibilities and ethical 

commitments. Environmental destruction, legacies of colonial exploration and exploitation, 
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rising distrust in science and experts, social inequalities, and a history of false positives in 

astrobiology shaped participants’ perceptions and priorities. Researchers consistently offered 

analogies or cautionary tales relating astrobiology exploration to examples of harmful 

exploration of the Earth—from the extinction of Australian mammals after European contact, to 

the impacts of fracking on groundwater systems, to the difficulties of preserving Antarctica as a 

pristine environment for research in spite of its strict formal protections.  

Three major themes shaped astrobiologists’ views on the ethics of interacting with 

extraterrestrial life and environments and on their social responsibilities: the enormous 

uncertainties inherent to astrobiology research; the broader social and cultural context 

astrobiologists operate within, in addition to their personal experiences; and boundary-making 

and division of labor between ‘science’ and non-science. In practice, these boundary-making 

strategies often exempted scientists, and particularly their research, from involvement in social 

and ethical issues (Viseu and Maguire 2012; pg. 202).  
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CONCLUSION 

 

What are the implications of these findings? First, if scientific responsibility for the 

potential impacts of astrobiology research is indeed desirable, then a training approach that 

draws on researchers’ experiences exploring and preserving Earth analogue environments, as 

well as focuses on strengthening scientists’ relationship with the public, may develop feelings of 

responsibility and greater attention to social and ethical issues. Second, in order to reflect 

scientists’ values and concerns, the official justification for planetary protection policies should 

be modified to include the protection of extraterrestrial life and environments for their own sake. 

Finally, a plan of action for the detection of extraterrestrial life should be developed as soon as 

possible and in consultation with scientists and other stakeholder communities. 

 

Training & Responsibility 

 

Participants’ boundary-making between what they viewed as legitimate science versus 

non-scientific social and ethical issues raises some important questions: If astrobiologists are not 

seriously considering issues such as backward contamination and the potential social impacts of 

discovery, then who (if anyone) is committing time and energy to planning for the societal and 

ethical implications of the discovery of extraterrestrial life? How should the practice of 

responsibility be distributed? Should astrobiologists be expected to take greater responsibility for 

these different elements? Is ‘division of labor’ and a reliance on the external control of scientific 

practice a good thing? Or, do siloed disciplines discourage true responsibility and ethical 

practice? 

There is growing consensus over the past decades that scientists of almost every 

persuasion have social and ethical responsibilities to society—but what those responsibilities are, 

and how scientists are to go about actually implementing them in their work, remains contested 

and unclear (Spruit et al. 2016; Viseu and Maguire 2012; Wyndham et al. 2015). Although 

education is often identified as a means to develop scientists’ awareness and values, “there are 

seldom any specific guidelines as to how scientists can adapt these attitudes in practice” (Glerup 

and Horst 2014:39). What additional training, institutional support or restructuring, and tools 

would astrobiologists need in order to fill the gaps in responsibility around human impacts and 

backward contamination? How do we as a society delineate responsibility and equip researchers 

to transform vague concerns into socially and ethically responsible practices (even if this only 

means thinking about these issues)?120  

 My results suggest two ways to shift astrobiologists’ perceptions and prioritizations of 

responsibility. First, to replicate the integrative, holistic view and hands-on experiences of 

subsets of researchers to astrobiologists as a whole. Sharing the unique perspective of field 

researchers could help scientists (and other stakeholders) become more attuned to risks and 

ethical issues in human-ecosystem interactions beyond Earth. The influence of discipline and 

 
120 Studies have found that the integration of social and ethical issues (SEI) into nanotechnology research 

may change how researchers think, but not necessarily what they do (Schuurbiers and Fisher 2009). One 

of nanotechnology researcher reported: “Does [engagement with an embedded social scientist] change my 

thinking? Yes. Does it change what I do on a daily basis? No” (Schuurbiers and Fisher 2009:42). 

Although Viseu and Maguire point out that “it is always difficult to separate thinking from doing, and 

that, to some degree, incorporating thoughts about SEI is already doing SEI” (Viseu and Maguire 

2012:206), some stakeholders may wish to see tangible actions. 
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work experience on risk perception and responsibility also suggests that inviting non-

astrobiologists from disciplines such as epidemiology, toxicology, and invasive species ecology 

would help focus responsible practices around backward contamination scenarios.121 Second, 

improving the science-society relationship and repairing public trust in science (an admittedly 

difficult task) could also lead scientists to recognize and prioritize their commitments to society, 

instead of feeling threatened by public mistrust and therefore focused on addressing concerns 

about public backlash against science. This could help shift the approach of current science 

policy, which “does not direct the gaze inwards at science but rather outwards at society” (Viseu 

and Maguire 2012:206). 
McCarthy and Kelty’s study of nanotechnology researchers offers another strategy for 

minimizing the impacts of boundary-making on astrobiologists’ responsibilities: the authors 

conclude that “responsibility must be constructed and understood as something novel, something 

scientifically interesting, and something in urgent need of funding and basic research” 

(McCarthy and Kelty 2010:427) so that practitioners view it (1) as a scientific issue that is 

desirable to study and (2) as a source of respect, opportunity, and potential innovation (as 

opposed to as an irritating “downstream” or “bureaucratic” issue) (McCarthy and Kelty 

2010:427).  

Finally, the impact of precedents in other exploration and human-ecosystem interactions 

on astrobiologists’ risk and responsibility frames highlight the importance of which histories and 

narratives we tell in education and training. For example, it is interesting that participants did not 

speak about biodiversity loss or the human impacts of climate change, and very few participants 

provided examples of failed biological and space sample containment, of which there are many 

examples (such as the opening of the Apollo capsule in the ocean, the crash-landing that 

distributed tardigrades on the Moon, and a host of pathogenic releases from laboratories). Which 

stories are front and center in astrobiologists’ minds, and why? Training programs must consider 

the impact of historical and present analogies to space exploration and biological contamination 

on researchers’ risk and responsibility attitudes.  

 

Updating the ethical basis of planetary protection 

 

 A large number of researchers interviewed for this study expressed concern on behalf of 

extraterrestrial ecosystems and felt they should be valued beyond their utility to humans. 

Although we cannot know if these researchers are representative of astrobiologists as a whole, on 

this basis, I recommend that the official justification for planetary protection policies be 

expanded to include the intrinsic value of extraterrestrial life and environments. A 2010 

COSPAR workshop recommended modifying the COSPPAR preamble to acknowledge that 

“life, including extraterrestrial life, has special ethical status and deserves appropriate respect 

because it has both intrinsic and instrumental values” (Rummel et al. 2010). These commitments 

should be codified, and any corresponding updates to practical guidelines explored. 

 

Planning Ahead, & Complications 

  

The creation of protocols or at least guiding principles in advance are necessary to guard 

against the influence of special interests, rushed decisions, and unintentional outcomes. We have 

 
121 Because these scientists are likely sensitized to practices and analogous scenarios that represent 

contamination of the Earth. 
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seen that scientists felt comfortable avoiding or postponing ethical decisions primarily because 

they assumed guidelines would be in place in the event of detection; reality must meet that 

expectation. Stakeholders should develop detailed but highly flexible guidelines for the detection 

and treatment of extraterrestrial life. The creation of these guidelines will require decisions on 

fundamental issues such as the ethical standing of extraterrestrial organisms and landscapes; 

therefore, we will need to first discern the values, views and opinions of other stakeholder 

communities besides astrobiologists (including the public).  

Astrobiologists, policymakers, the private sector, the public, and other stakeholders must 

communicate with one another. Concerns, ethical attitudes, responsibilities, and other priorities 

are likely to differ between stakeholder communities (though there is also significant overlap, 

even of individuals, between them), and the diversity, complexity, and sometimes the ambiguity 

and dissonance of views among scientists alone indicates that consensus will not be a simple 

matter. Even those who agree on microbial extraterrestrial life’s intrinsic value leave several 

questions unanswered or disputed, among them: Do individual organisms warrant protection and 

preservation, or is it only at the ecosystem- or species-level that humans must be mindful of their 

impact? Do we have a moral right, or perhaps even a moral obligation, to interfere in order to 

actively preserve life on the brink of extinction?  

A large number of unknown unknowns further complicates the development of 

guidelines for detection scenarios in two distinct ways: through uncertainties that will be 

revealed upon detection – essentially, which detection scenario we are dealing with – and 

through unknown unknowns that will likely remain mysterious even after detection or contact. I 

discussed with multiple participants the concept of a flexible flowchart to guide explorers’ 

actions in the event of discovery. Such a flowchart would account for as many potential 

discovery scenarios as we can presently envision. And, no matter how comprehensive, 

information that influenced many participants’ views of ethical human-ecosystem interactions 

(e.g., nuanced ecological and evolutionary context) is unlikely to be available even following 

detection—when decisions must be made, but before further studies have been conducted. 

Another view might say that decisions need not be made so hastily. In some detection scenarios, 

many participants advocated for pausing any invasive research, hanging back, and waiting to 

gather more information remotely before deciding upon and proceeding with any potentially 

disruptive course of action.122 This is certainly a course of (in)action to keep in mind.  

The results and analysis presented in this thesis can aid others in recommending actions 

that researchers and their institutions can take to change practices of social responsibility and 

 
122 Other authors have emphasized the challenge of selecting ethical courses of action given limited 

information. For example, Randolph and McKay (2014) acknowledge that given our likely lack of 

knowledge about newly discovered life, the ethical framework they propose would necessitate “non-

contact observation and study” of extraterrestrial life before taking action to avoid harming the organisms 

(and the Earth, in the case of sample return) (Randolph and McKay 2014:31). In a similar vein, Race and 

Randolph (2002) write that before undertaking commercial activity, explorers would need to observe and 

study an extraterrestrial ecosystem “until we know more about ET life and how to mitigate potentially 

adverse ecological effects” (Race and Randolph 2002:1588), and Peters (2019) and Chon-Torres (2018) 

argue that other planets should only be seeded with life if we have confidence they are void of indigenous 

life—which would be extremely difficult to verify with high confidence (Chon-Torres 2018; Peters 2019). 

The precautionary principle as defined in the 2010 COSPAR Workshop on Ethical Considerations for 

Planetary Protection in Space Exploration likewise states that in the face of uncertainty, further 

investigation must precede any potentially harmful action. 
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enhance the integration of social and ethical issues into their training, education and work. I hope 

they will also contribute to ongoing conversations about scientists’ responsibilities and 

relationship to society, and about the important role that scientists have to play. 
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Appendix I - Astrobiology Questions 

 

Warm-up/background questions: 

1. Could you tell me a bit more about your current research? I understand your background 

is in/you work on ________ . 

2. So, why did you decide to get involved with astrobiology? I’m curious where that interest 

stems from… 

a. Why did you choose space sciences? Or was your astrobiology work more of a 

coincidence or a tangent of sorts in the context of your larger career/research 

interests? 

3. (If applicable): How directly connected do you feel your work is to searching for 

extraterrestrial life?  

a. For instance, do you feel that searching for life beyond Earth is the focus of your 

work, or is that connection or use of your research more indirect? 

Content questions: 

1. What do you personally think is the most compelling reason to search for life beyond 

Earth? 

2. Are there any potential negative implications or concerns associated with searching for 

other life that you think should be taken seriously?  

3. (If applicable, based on previous answers): How do you think about what might 

constitute an acceptable level of “risk” or contamination?  

4. When we consider planetary protection regulations and their goal of preventing “harmful 

contamination”… 

a. What in your opinion might/should qualify as “harmful contamination”?  

b. What/where/who exactly should we be protecting, and for whom? 

5. When we explore other celestial bodies to look for life, what responsibilities do you think 

we have in designing and carrying out those missions? 

a. In other words, what precautions do you think should be applied to (sample 

return, exploration of extraterrestrial environments, etc.)—or, are regulations too 

restrictive already? 

b. (Provide example scenarios if necessary): For example, if a Europa fly-by 

mission discovered probable biosignatures in some plumes of water, and some 

organization was going to go bore a hole through the ice to investigate further, or 

in the case of drilling for a sample on Mars into the subsurface… 

6. How, if at all, do you think planetary protection policies should be revised/limited or 

extended/expanded? 

7. How confident are you in the adequacy and efficacy of protocols governing the search for 

life beyond Earth? 

a. (If applicable): What is the role for formal regulations, versus responsible self-

governance by scientists? 

8. In your opinion, to what extent would extraterrestrial life, if discovered have moral 

status/be deserving of ethical treatment? 
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a. What actions on other life and its environment(s) might be appropriate/morally 

acceptable versus inappropriate?  

9. What about any concerns or considerations for extraterrestrial environments in and of 

themselves?  

a. (If require prompting): For example, some people might argue that some form of 

environmental ethics would apply them to outer space, while others argue that 

these planets are just rocks and we can do whatever we want to them, so I’m 

curious where you fall on that spectrum… 

10. What values, principles, or commitments guide/influence you in your work?  

a. For example, what “responsibilities” do you feel you have as a researcher? 

b. Could you please tell me about a time when you felt responsibility as a researcher 

to act in a way that went beyond classic scientific codes of conduct (e.g., 

objectivity, replicable methods, peer review)? 

11. To what extent, if at all, do you feel responsible (either individually or as part of a 

community) for the potential implications of this area of research? 

Bonus questions! (if time) 

 

12. If applicable to your field: Do you think that our current understanding of microbiology is 

sufficient to predict with reasonable certainty how life elsewhere in our solar system (if it 

exists) could impact our environment if brought to Earth? 

a. And vice versa—is our understanding of microbiology and other planetary 

environments good enough to reasonably determine how Earth-based life might 

fare/behave in other environments? 

13. Thinking about the potential impacts of discovering other life, be they positive or 

negative, and other previous questions—do you think these issues actually have any 

tangible impact on how you perform your work? 

14. What are your feelings about increasing private sector involvement? Hopes and/or 

concerns? 
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Appendix II 

 

Institution Type  Number of Participants 

University   

 Professor with research lab 5 

 Research Professor 3 

 Teaching Professor 1 

 Postdoctoral Researcher 2 

 PhD Student 1 

Independent, Not-for-profit 

Research Institute  

  

 Research Scientist 3 

 Postdoctoral Researcher 1 

NASA Center  3 

NASA & University & 

Indept. Research Institute  

 2 
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Appendix III – Participant Quotations  

 

A: 

"My understanding of the science is that anything that we might be bringing back to Earth is not 

gonna be something that escapes from the lab and causes havoc. The whole problem with 

something like Coronavirus, is that it evolved in mammals in something that... basically us. The 

same exact thing as us. And of the many, many viruses that certainly jump species all the time, 

that one turned out to be quite successful at reinfection of this new species that it got a hold of. 

But it was already 99% ready to go, but if we picked up something on another planet, it would 

have no idea what to make out of our biochemistry. I would worry more about contaminating 

Mars, like somebody spilling something, or oil dripping or... And next thing you know, it's like 

this thing you were trying to look for, some kind of unique biochemistry now has our 

biochemistry slobbered all over it, and so that's sort of the thing that we're trying to... Like the 

more likely scenario that we're trying to mitigate." 

 

B:  

"Now we have in—I don’t know how fast, 10 years, 12 years—samples coming back from Mars, 

and so we have to be prepared for that and not ignore the possibility of, or at least the rules of 

planetary protection. I think it’s relatively important. I mean maybe people are frustrated and 

want to dismiss them, but what is maybe more important than the return sample toward us is 

when we go to a planet and not deposit there life that then we discover, saying we have found 

life on Mars when we have only found our life." 

 

C: 

“It’s tricky. I don’t think there’s a high risk of backward contamination. Like, bringing back to 

Earth. I mean, there have been plans about building BSL-4, BSL-5 facilities for Mars sample-

return missions. I mean, these things exist in the drawers of NASA since the 90s. You know, 

maybe longer than that, that's at least what I'm aware of. [...] I think—I mean again, never say 

never—I would be—I cannot think of a possible scenario where a biota that independently 

evolved on Mars or Europa would in any way contaminating [sic] Earth, you know, a potential 

pathogenic risk. Simply from the fact that, you know, that's not how pathogens work. Pathogens 

need to co-evolve with their host in order to be pathogenic. It’s not that, you know—and this is 

even assuming that they are DNA- and RNA- and protein-based. So that's assuming all of that. 

So I think in terms of backward contamination we would need to be very careful, obviously, but 

I think there's so many—in order to bring the sample back, for a container to leak in any way but 

still survive the entry into the atmosphere, [laughs] and then to be in anyway contaminating so to 

speak? I am more concerned with contaminating the sample than contaminating Earth. In terms 

of the forward contamination, I mean that is a big issue. So there's—planetary protection is 

extremely important, let me say that first of all." 

 

D: 

“Yeah, there certainly is a concern. I think the first... I think it has to be done in stages, that is... I 

would absolutely... Sample return should absolutely not be the first thing you do. That would be 

the height of stupidity. What we need to do is we need to go there, we need to characterize the 

ecosystem, we need to find out what is there, and we need to understand whether there are living 

organisms or not, bio-signatures or energy or whether there's nothing there. And once you 
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understand and have characterized what that ecosystem looks like, then you can rationally 

evaluate whether sample return is safe or not. Now, if it's basically sterile, and that's probably 

what they're gonna find from these samples coming back from Mars, then the risks are lower. 

You still have to isolate those samples. The main reason for isolating them is to keep Earth from 

contaminating them, right?" [emphasis in original] 

 

E: Cameron: 

"I think there are some negative implications that we’ve seen already. And one of those is the 

negative—the erosion of trust if a claim is made that's not true. And so we saw this with 

ALH84001, the purported detection of alien life in Martian meteorites. We've seen this 

potentially with the Arsenic life story where there was a claim that was not verified about arsenic 

being substituted for phosphorus in DNA, and I think that the potential negative consequences of 

a claimed detection of life elsewhere that turns out to be false could damage public enthusiasm 

for the search for life and it could erode the trust in scientists in general. And so certainly you 

don’t want claims that are backed by, especially public agencies that people view positively, like 

NASA is viewed positively by a large majority of the public—scientists in general are some of 

the—one of the most trusted professions is that of a scientist. And so if you make a claim and the 

claim ends up not being correct then you risk the erosion of trust. And then you risk the source of 

ultimately the funding that scientists have which is the public." 

 

1: Cameron:  

“The biggest danger I see with planetary protection is, like I mentioned, is that we bring 

something and it turns out to be—we detect it, and we miss-attribute that detection to alien life 

and it turns out to be Earth life, and then we therefore further the erosion of public trust. That 

would be I think not necessarily the most objectively harmful thing to happen, but the most 

likely harmful thing to happen. And the other...I think the second most likely possibility is that 

we contaminate an alien environment with an Earth organism and therefore lose out the chance 

of studying that environment and I think that—in its natural state—and I think that that is 

dangerous for solar system exploration [...] that environment may ultimately be lost to posterity. 

And so the people who are being harmed in this circumstance are the future scientists who would 

study an environment in the future, humans who would benefit from the study of that 

environment. And then I think the least likely scenario is that there’s something that could be—

but not zero probability scenario—is that there's something that could back contaminate us. And 

I think the nature of that would be something that is not immediately noticeable, but something 

that ends up getting into the environment like an invasive species [...] And so [that is] something 

that I think we should take seriously, although it's probably much more unlikely than the first 

two scenarios I mentioned.” 

 

2: Leslie:  

“...When I think of negatives in terms of astrobiology, I think of like planetary protection [...] 

when I think of us contaminating the Moon with tardigrades or something, it's like, 'Oh we found 

tardigrades on the Moon,' well actually it's because they were brought there by the spacecraft and 

that's not it at all, and that's a disappointment [...] But negatives in terms of getting a valid, a 

widely-accepted, valid scientific result is: I think people won’t believe it? For whatever reason 

they have for not believing in science or not believing in research [laughs] [...] Whatever reason 

they have for that, that's a negative I could foresee. But, coming from my perspective it's hard to 



103 
 

see, like, I'm not going to have my views on the world completely shifted. So it's hard for me to 

get into the mindset of someone else." 

 

3: Seven of Nine:  

“I mean, I'm not religious. I'm mildly versed in a variety of religions. I foresee that it could erupt 

into some sort of—finding life on other planets—the skepticism, the criticism, the doubt, the 

belief... I don't know. People are weird [laughs]. It's probably not the right thing to say but [...] 

different cultures will take it in different ways.” 

 

4: Taylor:  

“It's frustrating, the decisions that some of our leaders make and things like that, that seem so 

short-sighted and one-sided or whatnot, so, you know and I think that's just a human thing to try 

to conquer and do things, and so I don't know if that's ever gonna be taken out of people, no 

matter what perspective that science can bring to things, it's gonna be tough to tone that out of 

us, so [...] And I'd love to send humans to Mars, but yeah, I think we have to do the first steps 

before we do that, because we don't wanna ruin this potentially most important discovery ever by 

just not taking the time or being politically motivated to do it, so yeah.”  

 

5: Riley:  

“I guess I'm concerned about the planetary protection part of this because they [the planetary 

protection office] are, I think, and correct me if I'm wrong, but they're a part of NASA, which is 

staffed by political appointees and it's subject to the whim of the US Government and the 

administration and whoever is in charge of that. And so the planetary protection part of NASA is 

not this independent body who is thinking about what's best for our life and that life, independent 

of the current political climate or perspective. And especially given how things have gone in our 

country recently, I find that very concerning... I don't know, I don't know exactly how to 

articulate this, but it's just I think we've seen over the past couple of years the degradation of 

some of these government institutions that maybe 10, 15 years ago, we thought were kind of 

untouchable in terms of their political influence, and I would be concerned that if we were to 

make a discovery of life elsewhere, that planetary protection would be subject to the same whims 

and perhaps alternative facts and that type of thing that we've seen other institutions fall prey to. 

So I guess I'm not overly confident that planetary protection is gonna get the job done because 

that is—they are directly tied to the US government. And I don't know, we've seen how that's not 

always the best thing.” 

 

“We attempt to come up with these organizational bodies that supersede the interests of any one 

country. But then you see how those organizations are still so dominated by the agendas of the 

wealthiest, most powerful countries and... I don't know, I just... I think... I don't... And I can 

guarantee that if you said, ‘Oh, the scientists will take care of this,’ [chuckle] the minute this 

discovery actually got made, you can bet that the scientists are gonna get booted to the side and 

the politicians are gonna come in. Cough, cough, coronavirus.” 

“So I think we could optimistically say, ‘Yes, let's have these kinds of decisions and regulations 

and guidelines be scientifically motivated,’ but it just feels like at the end of the day, given the 

way our world works right now, that it would end up being primarily politically-driven...It's just 

all of those organizations [international organizations like NATO and WHO] just rely so 

heavily... seem to rely so heavily on us [the United States], and we can just do with them what 
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we want, and it just seems like planetary protection, if this became a real thing we had to grapple 

with, would just fall right in line with all of those other things.” 

 

6: Sean: 

“...instinctively, my fear would mainly be for the other life, you know, that we would—and it’s 

really just kind of extrapolating from the damage that invasive species does to native organisms 

here on Earth. In general, it’s highly unlikely that Earth life would survive—most sort of 

exoplanetary environments would be inhospitable to most life. But of course as we know there 

are some extremophiles on Earth which would survive in some of those environments. Well, not 

only survive, they might find it very comfortable [laughs]. So we wouldn’t want to—you 

wouldn’t want to introduce an invasive species and just ruin like [...] and just wipe out whatever 

is left of Martian life.” 

 

7: Riley: 

“I guess, in some ways, I'm kind of pessimistic about this to be honest. Because human beings, 

particularly some subsets of human beings, don't have a great track record of respecting life 

elsewhere, or life that is different from their own. And that's true within the human species. And 

so we seem to have, and maybe this is due to our, what we perceive as our superior intelligence 

or something, or maybe this is the con that comes with that, is that we have this desire to conquer 

and expand and take over. And I guess that's kind of a pessimistic perspective, but we don't have 

a great track record there. And if we were to find evidence of life elsewhere, I think [...] the 

tangible result of that, is that it feels like life would come to a standstill as we tried to grapple 

with what to do about that discovery. Do we just let it go and back away and say, ‘It's not our 

place to influence this life’? But at the same time, I'm sure there would be many calls to say, ‘We 

have to control this because we're afraid of it and we don't know what's gonna happen if we let it 

evolve on its own.’ And so I could imagine that there would be a perspective that would say, 

‘We have to do something about it,’ and probably in its most base, cynical, dark perspective 

would be, ‘We have to eliminate it.’ And then of course, there would be perspectives that would 

say, ‘No, we have to protect it,’ or maybe, ‘We have to control it.’ So I think it would bring out 

some very basic elements of human nature and we would see the full spectrum of that in people's 

responses to this. And I don't know, to be honest, whether we have the current logistical 

organization to really handle those types of decisions because they are species-wide decisions 

and I don't think we've ever made a decision like that before, and you can see that with climate 

change now. That's a species-wide decision to make and we're struggling with it. And so I think 

that would be... I think we'd all just be sitting around arguing with ourselves about what to do 

about it. My hope would be that we would settle on the side of monitoring unobtrusively, to be 

honest [...] I think the more intelligent it is, the more some of the more negative instincts would 

likely dominate, because I think that's very tied to fear, and fear of the unknown and fear of 

being inferior, or being eclipsed. So I think it would bring out a lot of interesting elements of 

human nature, and it would require a lot of organization between each other and ourselves to 

come up with a response that was respectful and not giving into our typical response when we 

find something new that we don't understand. That feels [...] very cynical, but I don't know. 

Maybe in the current times, I'm feeling a little cynical. [...] Again, I just feel like there's so much 

precedent in the past history of the human species where our fears overcome our good intentions, 

and I suspect that is exactly what would happen if we found life elsewhere in the solar system or 

universe.” 
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8: Taylor: 

“So what if we do find life on Mars? Do we say, ‘Okay, that planet is completely... We shouldn't 

go there because we don't want to destroy it with bringing bugs with humans and stuff like that, 

and…’? Yeah, I don't think microbes have rights. So if they're not gonna kill us then yeah, I 

guess I'm too much of an explorer there. I think we should study the heck out of it before we go 

and destroy it, but we may end up having to destroy it just because I wanna explore doing [sic] 

new places…” 

 

9: Sean: 

“The false positive thing is definitely an issue. [Relates Viking story of 2 or 3 positive results for 

the biosignature proxy, and the worm structure in ALH]. I mean, but I think with time, I mean, 

yeah, the false positive thing is less consequential. I think it’s feasible to solve that false positive 

problem. I think we have the—with good bioinformatics. Well, assuming we have a good 

enough sample, I think we probably could tell the difference. Again, because I would not expect 

Martian life to be that similar. I would expect there to be sufficient differences that we should be 

able to distinguish the false positives, I think. Whereas if we wipe out an alien biosphere, then 

it’s gone forever. Which is a shame. Well, I don’t know-- a shame or not, it depends on your 

perspective. It’s a shame in my perspective.” 

 

10: Seven of Nine: 

"...if my goal is to go out there and detect life, in particular what we'd be looking for with my 

type of research is proteins or peptides. And if we send something and we even have dead 

particles on there, so dead bacteria, and then we plop our lander down on Mars or [...] We're 

looking at really low detection limits as the goal, 'cause that's what we need to do. And then we 

detect something, we're like, ‘Wow, that looks just like human keratin, which is also one of the 

most prevalent proteins on Earth.’ How do you disprove that? So to me, the forward 

contamination thing is a huge issue because it would negate everything we're trying to do." 

 

"Everything we're doing is what's called Earth analog research. So I have samples from the 

Arctic and Antarctica and I study them as analog systems to Enceladus and other icy bodies. And 

[...] we worry about contamination a lot within the lab, but that... 'Cause a lot of what I do is 

tracking proteins, and we're in really, really small or low detection limit type of work. And we're 

trying to find new metabolisms and biomarkers for finding life and stuff. So one of the trickiest 

things we have to worry about is actually human skin. So it's all around the lab, it's floating 

around everywhere. It's in the dust. So we have all these protocols for being in HEPA filter areas 

and hoods and stuff like that. And as the different sample types come into the lab [...] we match 

the data up to protein sequences and we can say, ‘This is a protein sequence for human keratin.’ 

And that would be considered a false positive for a detection, so that type of data would be 

thrown out. Now, if you're on another planet and you have some sort of weird bacteria from 

Earth that is attached to your lander, but you didn't know it—there's a lot of different bacteria on 

Earth—and then that type of contamination is a different problem. Trying to decipher that it's a 

false positive is much, much harder." [Emphasis in original.] 

 

10.5: Francis: 
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Jessica: "[Do you have] concerns about our impacts on extraterrestrial biospheres for their own 

sake?" 

Francis: "Oh yeah, absolutely. So—yeah, so exactly. So if we find out that there's actually 

Martians on Mars, we have to leave it to the Martians." 

Jessica: "The Carl Sagan approach?" 

Francis: "Yeah, exactly. So, you know my point of view would be that, anything and everything 

that we do on Mars should be biologically reversible. In other words, if we discover that there's 

an indigenous life on Mars and it's still active, then we have to be really, really careful. We 

should go in and actively remove all the biology that we’ve taken with us as much as we can, all 

the old dead spacecraft, things like that. And then we need to figure out how to—then we need to 

really step back and think about what we're going to do with Mars, you know, and that life; it’s a 

precious commodity, and Mars has rights. And that would go with any other place that we go 

towards you know that has an in-situ biology that developed here on its own [...] [But] I think the 

only way we could really end up studying it would be to bring it back and look at it [...]" 

Jessica: "So you're not of the view that we can’t touch anything or take anything, but we 

shouldn't interfere on a large scale or do things that would really damage the biosphere?"  

Francis: "Right, everything that we do should be biologically reversible on Mars [...] I think we 

should be able to [be] very careful […] So if you started inching up to a place like a cave or a 

subsurface environment of some sort, or if we just drilled into the subsurface and brought out 

bugs into a cylinder and brought them back, you know we should probably immediately seal up 

that hole and not go back there until we've given it a lot of thought."  

 

11: Francis: 

"That's not true, that's not true. We—but that's not true, we do. You go to specialized 

environments here on Earth, and they’re protected. You go to a place like the McMurdo Dry 

Valleys, and there's—or contamination issues that you have to deal with before you're allowed to 

go do work there. So, that's just something that they just haven't thought about, at least that's my 

inkling. I think they're ignorant, and they need to be, they need to learn a lot of humility along 

the way, and we can start these discussions. But that’s—I mean the whole environmental 

protection work that we've been doing in this country for decades is, the basis and all that, the 

whole notion of preserving species, the Invasive Species Act, things like that, that all falls right 

into it, same thing. It's the same ethical guidelines that lead you in that direction." 

 

12: Floyd: 

"I guess I come from this mindset, from a perspective of colonization. Like, you know, science is 

so Westernized, and we’ve colonized native peoples in, all over the world, and since science is 

so Westernized and imperialist, we approach scientific discovery and planetary science and 

astrobiology from the same perspective. Like, we have to be really careful and conscious of 

letting life be autonomous. I mean, okay, maybe the life we find are microbes and not humans 

which is a lot different, but if we even find complex life, I mean it’s—we should approach the 

situation with protections in place to ensure that we're not destroying the life. And you know I 

mean just looking at our environment and we’ve, how much Western peoples, colonizers like 

white people have destroyed the environment whereas, you know indigenous people are not 

responsible for climate change. And so how much we are destructive and how much we take 

from resources instead of actually do [sic] important work learning about these resources and 

maintaining the preservation of these resources […] So I guess this specific Western approach to 
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learning science and stuff can be really harmful for destroying resources and destroying the 

preservation of life, and so I approach I guess that idea and that concept of protecting life from 

this perspective of, ‘Look, we've been doing some bad things historically, let’s try not to 

continue to do this on another planet.’ You know when we're actively destroying our own right 

now. So, yeah, it's I guess a different perspective than most people, but, I guess that’s where I 

usually, that’s where that comes from." 

 

13: Ken: 

“I think you can just [have the] proper protocols in place I think in order to avoid it [backward 

contamination]. [...] [It is] not impossible to deal with. I mean with that argument, right, we 

wouldn’t be able to run BSL-4 laboratories on Earth. Like to have Ebola in a lab basically, right. 

And the reason is because you have a steel cage inside of a steel cage inside of steel cage. In 

order for that to fail—I am not aware that any BSL-4 lab ever collapsed, in the history of BSL-4 

labs [...] so there’s definitely ways to deal with it. And the way is you just have, you know, a 

cage in a cage in a cage in a cage, basically. So you have redundant systems to avoid anything 

getting outside, basically, or getting inside depending on how you see it.” 

 

14: Sean: 

"From what I understand about planetary protection and you know the rules, the laws regarding 

outer space territory, I think right now, because the rules could be made before the forces of 

commerce and sort of money could get their hands on it, the rules are pretty good. They’re quite 

forward, they’re quite sort of progressive. You know it’s different to the way, like—the sort of 

organic way that the market and env—the sort of coevolution between the market and the 

environment happened here on Earth, it was kind of a disaster because we were well into the 

phase of ruining it before we realized the extent to which we were ruining it. Whereas I think 

that with space exploration, we are in a slightly better position because we can anticipate a bit 

better the probability of ruining it before we ruin it. So at the moment, the planetary protection 

laws are pretty good. But my fear of course is that if commercial spaceflight, as it gets cheaper 

and cheaper, and once the powers of corporations and so forth get involved, then the rules may 

end up being relaxed for the sake of making money or resource extraction and so forth. So I 

think IF we can hold onto the current rules or make them stronger, then we’re in a reasonable 

position. My fear is that the rules would get eroded by sort of shorter-term…" 

 

14.5: Cameron: 

“I think it depends on the uniqueness of that environment and the possible extrinsic value of that 

environment. So in other words, we may ultimately find that that environment teaches us 

something in the future, that we will never get to that point if we destroy it. And so I think we 

need to be careful about collecting all the information we can and deciding, is this environment 

unique, is it not unique, what makes it different than other environments [...] If we're going to 

explore elsewhere, we have to destroy some things, we have to disrupt certain environments, and 

I think we have to weigh the value of the uniqueness of the environment against the benefits that 

we would get from continuing in our exploration. And so I think in most circumstances the 

answer is going to be ‘no.’ But I think—I can imagine a circumstance where an environment 

would be valuable because of its extrinsic value, and possibly extrinsic value that may not be 

apparent until later. [...] We’ve disrupted Earth’s topology in order to survive and thrive, and I 

think that in general that will be the case elsewhere in the solar system. But, we have also done 
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things that we regret on Earth, and so perhaps we should take some of the lessons that we've 

learned on Earth and apply them elsewhere. And so one of those is giving due consideration to 

the uniqueness of an environment and the possible value that it could have to us or to others in 

the future.” 

 

15: Jessie: 

"I think for environments, we could find that... You know, there's some stuff that suggests that 

there is permafrost that might contain certain kinds of saline brines below Mars’s surface, just 

below the surface, and we don't wanna contaminate those places. So beyond life, it's also we 

don't wanna alter those environments [...] we need to use environments on the Earth as a lesson. 

So there's plenty that humans have done to mess up environments on Earth that we didn't know 

early on was gonna mess them up, and now we know. [gave example of fracking’s impacts on 

groundwater systems] [...] And we know now that contamination like that doesn't just affect, say, 

the water chemistry. It's also gonna affect every other thing about the environment. It's gonna 

affect maybe what microbes are living in that water, maybe how the soil processes are 

happening, and so I think we need to kinda take that concept for Earth, those lessons from Earth 

and say, okay, for other planets, we don't know into the future, if we might want to, if we might 

rely on something there that... I'm not sure if I'm wording this right. We don't know how fragile 

both places are, and maybe in the future, there'll be some benefit to humans to keeping those 

places protected, that we don't even know about now." 

 

16: Kennedy:  

"Well, I think the Antarctic model in place as it is today, is fair. They’re concerned about 

environmental contamination. It used to be they just saw it as like this huge continent kinda like 

when they first came to the Americas, and it's like, ‘Oh, look at all these, whatever, otters, there's 

millions of otters, kill 'em all.’" 

Jessica: "Inexhaustible resources. Yeah." 

Kennedy: "Yeah [...] And they brought the same kind of stupid ideas to Antarctica and the next 

thing you know, it's turning into a garbage dump, and they were just throwing their garbage in 

McMurdo Bay there, and then at some point they were like, ‘You know, we can't keep doing 

this.’ And now field work is undertaken with the utmost care and no solid waste is left—of any 

kind—is left in the field. And just being super cautious about it, 'cause I think it would kinda be a 

shame to be like, ‘Oh no, no, we shouldn't touch Mars at all.’ But I think if Mars is found to have 

an ecosystem, I think then we do have kind of a responsibility to tread very, very lightly and to 

be really careful with it…" 

 

17: Floyd:  

Floyd: “I mean, yeah, I think so. I think it's harder to alter the environment without also altering 

the life. I mean that could be just because I'm ignorant and I don't know a lot about atmospheres 

or environmental processes, I mean I just thought of an example that counters exactly what I just 

said. But anyways, the point being that I think that not altering the environment is just as valid as 

not altering the biosphere of a planet. So limiting how much we are influencing the overall 

climate and global-scale changes of the environment on a planet is also important. I mean, I 

guess I could see in like a Sci-Fi type of dystopia where there are like hundreds of planets and 

you're jumping from planet to planet and you want to run an experiment on one that isn’t 

habitable to just see what would happen to an atmospheric environment, but that's not where we 
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are [laugh]—that would be an interesting book, I would read that book...[laughter]... So, I don't, 

yeah I mean I think it's just as valid to not alter things. We're already altering our planet. It's not 

going well.” [laughs]. 

Jessica: [paraphrase: Yes, terraforming is probably further in our future. More immediately I 

think people are thinking about off-world mining…] 

Floyd: “I guess my thoughts on that are, the systems that are feeding people to go mine asteroids 

are the same systems that are oppressing people, so, no, because those systems are the same and 

they’re not good. [laughs] So there’s an ethical, so I guess, yeah.” 

 

18: Leslie: 

"I think it goes back to this thought of terraforming Mars. Like if there really is nothing on Mars, 

why don't we just go ahead and make the atmosphere livable and oceans on Mars and stuff like 

that? I mean, I don't want to speak for an entire planet of humans, but it's like, well, if it really is 

necessary to do that for some reason, and there really is nothing there, there's NOTHING there, 

and you KNOW there's nothing there, like you've drilled all the way to the core and you KNOW 

nothing's there—again, not ever happening—then it's like yeah, you know, sure. No one's using 

it. So if you're not hurting anything by doing it... That's my personal opinion. That being said, 

I'm totally against terraforming Mars...as of now." [emphasis in original]. 

 

19: Riley: 

"My line of thinking is open to critique, but I think what I like about, or I guess how I sleep at 

night being someone who is involved with robotic exploration of another planet and is leaving 

behind hardware on another planet and affecting the environment of another planet, is that I see 

the exploration that we're doing as being almost entirely scientifically driven. And I think, I 

guess I'm saying that because I believe that. I'm sure NASA and/or the US government has lots 

of other reasons why they do and support space exploration. So I think that's where it's open to 

some critique there. But I guess the line for me is when the motivation is primarily or entirely 

scientific and not with the intention of economic... achieving economic gain or dominance or 

something like that, then I am okay with it. [chuckle] Obviously, if we were suddenly ready to 

pollute the planet of Mars with a trillion rovers, then I might have some issues with that. 

[chuckle] Even if it were for scientific purposes." 

 

20: Brian: 

“I'm just personally not on the side of, ‘we should just never ever contaminate anything.’ 

Because I think if we hold ourselves to that standard, we're never going to go anywhere. It's so 

impossible to fully decontaminate our rovers. And if you send PEOPLE to Mars, you cannot 

decontaminate a human being. [...] Life is so interwoven with everything, with every single 

aspect of the biosphere; the minute we send humans to Mars, Mars is contaminated. And I don't 

think that should stop us from going to Mars. To be honest, I'm just not on that team. Until we 

know that there is something that could be harmed on Mars, then we should go with an 

appropriate amount of caution—for the right reason. And so I do have a [problem] with say 

going to Mars for resource gain or purely for like capitalistic gain or purely for a vacation spot 

for the point one percent [0.1%] of the population. Like I don't think that's necessarily the most 

noble reason to go. I think we should go to space for scientific reasons, for reasons that better our 

understanding of the universe, make us gasp in wonder, and that better the perspective of 

everything that we understand about ourselves, where we come from and what we can 
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accomplish. As long as we go with those intentions, and so long as we go with the intention not 

to do any harm, then I don't mind sacrificing a little bit of contamination to have that kind of 

exploratory journey.” 

 

21: Brian:  

"So I think that the private industry has a lot to give in a lot of ways [...] But what I worry about, 

is the private industries’ motives for going to space; I don't think they're scientific. I think they’re 

mainly—I mean, they’re a company, right. Their main job is to get money for their investors, to 

raise their stock prices or whatnot. And that is not why I would like us to venture out into space. 

I mean, I think that space and the wonders of the universe really should belong to everyone [...] 

But that's another type of elitism, the corporate elitism, right. When you have companies like 

Blue Origin or Virgin Galactic or SpaceX launching astronauts, what are they going to do 

eventually, what is their goal? Probably to set up some kind of habitat in space so that people, 

rich people, can have like honeymoons there or whatever. Like, that's not opening space to the 

rest of humanity. [...] And so to give the perspective of outer space to everybody on our planet is 

just something that I hope we do with the resources that we are capable of doing—with the 

resources that we currently have, instead of just creating little playgrounds for companies." 

 

22: Brian: 

"That goes back to the whole purpose of why we go out there; I think that's the key. Just like 

anything else that we do, astrobiology is not in itself good or bad, or moral or immoral. The way 

we do it determines, I think, our—the moral standing of how we treat other lifeforms. So if we 

go into outer space because we want to strip mine Mars for its raw, whatever resource that it has, 

then yeah, we're not going to treat life-forms over there with any respect. But if we go there with 

the mindset of being in awe and being respectful of everything that we find, because they have 

an intrinsic scientific purpose [me: isn’t that phrase a paradox?] and they're going to teach us 

something, then I think we have a much better chance of acting with a higher moral conscience. 

And you know, these questions about philosophy and morality go so deep in the field of 

astrobiology. I mean take Perseverance for instance, it's going to be launched on a rocket, it's 

going to be powered by a nuclear reactor, and it's going to have on-board computer systems. All 

three of those things, rockets, nuclear power and the computer, were invented for military 

purposes. And so it's absolutely inextricable—astrobiology and space exploration is inextricably 

linked to military things. Which is troubling, and it's not something that we should dismiss [...] 

And then really ask ourselves the question: is there a better way forward? Is there a different path 

that could lead us to the same amazing scientific results but for different motivations?" 

 

23: Cameron: 

“"Well I think as scientists, you know if we truly are looking at what the nature of the world is 

and we uncover the nature of that world, and we do it in a way that’s intellectually honest, I think 

that we can’t necessarily be held to...be responsible for… say a negative implication about 

uncovering a truth about the world, about the universe. Because that’s what we set out to do, and 

we don't decide what the truth is—we decide that we're going to investigate what the truth is. 

And it's up to all of us together collectively, not just scientists, to decide how we handle that. 

And so maybe the answer is for example, well life is very rare, and we’ve found a compelling 

reason for why, I don't know what that would necessarily be, but for example let's say that's true, 

and it’s disappointing, and so are we responsible for that disappointment that people may have? 
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And I think that the answer is we’ve uncovered a truth, and that’s important, and there's some 

interesting implications of that, but that that wouldn't be necessarily our fault for investigating. 

And then the other end of that is that there's a perception at least that discovery of alien life could 

negatively impact some people, their belief systems, because for example they have a religious 

reason why they would not like there to be life elsewhere... and I think that again you know 

scientists, you know, it's not up to us to package the truth in a way that is acceptable to 

everyone—it’s to present the truth and so...and so I don't think that the scientists would 

necessarily be responsible for negative implications of a positive discovery of life or a negative 

discovery of life. I think scientists would be responsible and do have responsibility to do their 

best to get an accurate measure of the truth and so that's… again we're going back to avoiding 

false positives in the search for life, and doing the best we can to get a true negative or a true 

positive result." [Emphasis is mine.] 

 

24: Riley: 

"I think my instinct is the first thing you said, which is, ‘Oh. It's my job to just put my head down 

and get the data and be as unbiased as possible. And that's what I think I'm good at, and that's 

what my job is, so that's what I'm gonna do. And it's someone else's job to figure out how to 

make the decisions and what to do with that.’ But I think I'm seeing, especially in my current 

position, which is more of a leadership position where I have a responsibility to communicate 

outward, I'm seeing how it is more important that there is a communication element here, that it's 

important for scientists to be good communicators and to be effective communicators, and 

sometimes to be more politically savvy than we might necessarily want to be in order to protect 

our own... Well, to... I don't wanna make it sound like we should communicate effectively just to 

protect ourselves and our own self-interest and to keep science going, but the science is 

important and it's important to have scientists and support scientists. [...] And so sometimes 

given the way that priorities go, someone needs to speak up for scientists, and sometimes it 

requires scientists to do that speaking up. And so I think in that case, we do have a greater 

responsibility to help further scientific progress because if we don't speak for us, then sometimes 

nobody will. So I think I'm seeing that more, and I see that a lot on Mars 2020 where people are 

always... Or sometimes say, ‘But why are we even doing this? Why is this important? Why are 

we spending money on it?’ And someone needs to justify what we do and someone needs to 

answer those questions. And you can't always leave it to politicians... I do think we have a 

greater responsibility there." 

 

25: James:  

"You will be asked, pretty right off the bat—what—is it worth spending, you know, four billion 

dollars on a Mars mission launch this summer, which, by the way, may blow [up] in the air as 

you launch it? And you know, the answer is always: Fuck yes it is! Pardon my language, but—it 

is. Because [of] the return of knowledge that we get for every single dollar we invest in space—

it’s been done before this, the science; the return is anywhere from eight to fifteen dollars per 

dollar invested. I mean this is like—you’re an investor, that’s where you put the money. And by 

the way, those technologies—the return is measured by not how rich Elon Musk gets with his 

rockets, no; it’s the new MRI, CT scan, that saves this person’s life so that person can keep 

working and keep paying taxes and keep investing in society, you know, and things like that that 

[...] I don’t think the message is clear to everybody. I still have to go out and give talks and I get 

the questions—from kids and from parents—you know when I give public talks. And you know 
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I’m happy to hear the question, and I would be happy if I have to answer it every day of my life, 

but I shouldn’t have to [...] Not everybody knows that by investing in space we’re investing in 

every life here." 

 

26: Floyd: 

"...the toxic culture that plagues STEM and research and science and academia [...] I don't think 

that those types of systems that don't put an emphasis on science communication are actually in 

my opinion good, I think we should be spending way more time—I think we should be getting 

paid to make our environments inclusive. Because when we do outreach and communicate our 

science, we get all sorts of people interested. And that's an opportunity to get specifically 

marginalized folks interested in science.  And continuing to shut out communication with the 

general public and understand how science works, it hinders our relationship with the public for 

sure, but then it also creates barriers for people who are marginalized who don't have access to 

science as well to become, to be able to pursue scientific careers. So I feel like it's a much bigger 

issue than just the field of astrobiology, I think it's more a result of these systems..." 

 

27: Leslie: 

"As field researchers [...] we have a responsibility to not do this 'helicopter science' [held up air 

quotes] where we drop in, take our samples, leave. We are on the land of somebody who lives 

there, we are in the culture of somebody who lives there, especially when we're doing 

international science. I think scientists in general, and I as kind of this 'field biologist' [air quotes] 

who goes to these cool locations and walks around their hot springs and what have you, we need 

to be better—and I need to be better—about involving the local community in the research [...] 

that is one thing that I in the future can see myself really impacting, is 'how do I get local 

communities involved in science' even when it may not impact them directly, they should still 

learn, and you know we can—I can learn from them and we can all learn about the natural world. 

No helicopter science, that's the moral here."  

 

28: Sean: 

"...it’s something that sort of day-to-day doesn’t come up, but when—if we were to sit down and 

think about, we would probably conclude that we do bear responsibility for the consequences. 

You know, we’re the ones pushing for it. So you know I guess, I guess that confers some degree 

of responsibility [...] " [said hesitantly.] 

Jessica: "And it’s interesting that you remarked that, I think you said ‘we’re the ones pushing for 

it,’ right. That, this idea that scientists are the ones who are really interested in this research and 

are motivating it. Because I think sometimes [...] I get answers that are more along the lines of 

[...] people tend to feel like—that they’re not the ones motivating the research, that this is almost, 

I don’t know, the public’s bidding. You know, ‘I work for NASA, and this is part of NASA’s 

programs that are being funded by taxpayer dollars, so clearly the public wants me to do this 

research.’ And I’m curious what your thoughts on that are. Like if you think that the public does 

really—" 

Sean: "No, I don’t think that’s right. Because when you, I mean when you write a proposal, 

especially like a NASA proposal, if you are not very, very driven and motivated when you write 

that proposal, you will not get funded. So, if you’re—I mean, I could sort of understand if you 

were like, if you were just a kind of research assistant or like a staff scientist working under 

someone else and you never write grant proposals or anything, if you’re in a sort of technical 
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role, then fair enough. But if you’re a PI on something, then I don’t think you can justifiably say 

‘Oh it’s not me who drives this research.’ ‘Cause when you write those proposals, you have to 

make your case so well in order to get funded. So if you’re a PI and you’re tenured and you have 

funding, then that means that at some point you wrote a series of proposals where you very, very 

strongly pushed for a given type of research. If you subtract— if you take away that motivation 

that you injected into the proposal writing or the job— when you applied for your faculty 

position or your tenure or whatever. If you take away that motivation, then that person either 

wouldn’t have got the funding or wouldn’t have got the job. So, you have to—in order to be in a 

position where you’re doing this type of research, you have to have pushed for it. You have to 

have convinced a committee to hire you to do that research. You have to have convinced a 

review panel to fund your research. So, you could argue that, like, if NASA was only doing stuff 

that the public hated, then eventually the public would elect different officials who would 

withdraw that power. But, I mean, that’s a bit of a stretch, because NASA is made up of people 

who are in the public. [...] So yeah, I think— again, it’s easy to think, ‘Well, I don’t push for 

anything, I just do my research.’ But by doing your research, you are sort of—things are going in 

a given direction, and that direction is not a given. There are subjective decisions there in terms 

of which things get investigated and which things don’t. So that pushing for things, you could 

argue maybe it’s more of an emergent property, but yeah you have to be persuasive if you’re a 

PI. That drive is different for everyone with what things they’re passionate about and so forth. 

But— and so I think because it’s kind of innate, we often don’t question it. That’s why when you 

ask me why do I do origin of life, it takes me a while to think about why I do it, because it’s, it’s 

been so long, the decision was made so long ago, or the conscious decision was made so long 

ago..." [emphasis in original] 

 

29: Erin: 

“I am very careful when I'm working in an analog environment and not just for my own benefit, 

not just so that I don't have contamination in my work. But so that I don't contaminate the 

environment. Because I do... I guess that idea of respect for a new ecosystem or for any type of 

life, holds true in the work that I do. So if I'm going into a new environment, I want to leave it 

looking like it did when I... before I got there. Because yeah, morally, I can't do anything else 

other than that. So, it really bothers me when people do science and don't respect the 

environment. [...] I think when you start to explore these kinds of places, and I've been so 

privileged in my career to be able to work in some of the locations I have, which are so 

incredibly remote, and probably only a handful of people have ever been there. And so when you 

get that privilege to visit these kind of places, you have this sense of, that this is this pristine 

environment that has existed for long before you ever walked across it, and so what right do you 

have to change that? Because we're just a blip on the horizon. And these systems are so fragile, 

especially if you're looking in an Arctic or Antarctic environment, they are so fragile. They can 

change so drastically with just like small [word incomprehensible]. So I think if you are a field 

biologist or a field researcher doing that kind of work, like you tend to have that... I feel like you 

tend to develop that perspective and realize that you do have to be really careful.” 

 

30: Floyd: 

“Because of how exclusive academia is, a lot of people don't know how to talk about effective 

ways of doing outreach specifically for marginalized peoples. Again, talking about the unethical 

parts of doing outreached as privileged people in science. Like going to communities who are 
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underprivileged and just being like—like there are power dynamics there and there is history 

there, and that needs to be taught to science researchers who are doing outreach as well. So it's 

not just the fact that we're not doing outreach, it's also the way that people do outreach typically 

also needs to be discussed collectively.” 

 

 


