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Abstract

This study examines the communication of astrobiology and the Search for Life
Elsewhere (SLE) in academic papers, press releases, and news articles over three
decades. Through a quantitative content analysis, it investigates the prevalence of
speculations and promises/expectations in these sources, aiming to understand how
research results are portrayed and their potential impact on public perception and
future research directions. Findings reveal that speculations and promises/expecta-
tions are more frequent in news articles and press releases compared to academic
papers. Speculations about conditions for life and the existence of life beyond Earth
are common, particularly in news articles covering exoplanet research, while prom-
ises of life detection are rare. Press releases tend to emphasize the significance of
research findings and the progress of the field. Speculations and promises/expec-
tations in news articles often occur without attribution to scientists and in quotes of
authors of the studies, and slightly less so in quotes of outside experts. The study
highlights the complex dynamics of science communication in astrobiology, where
speculations and promises can generate public excitement and influence research
funding, but also risk misrepresenting scientific uncertainty and creating unrealistic
expectations. It underscores the need for responsible communication practices that
acknowledge the speculative dimension of the field while fostering public engage-
ment and informed decision-making.

1. Introduction

Astrobiology is a broad, inter-multidisciplinary field focused on answering fundamen-
tal questions about life as a possible universal phenomenon: how did it emerge, what
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are the conditions for its existence and what is its distribution in the universe? [1-3].
The branch dedicated to the third question, here called the Search for Life Elsewhere
(SLE), touches upon a theme of enduring pervasiveness in modern popular culture
[4]. For most of history, whether life existed beyond Earth was a matter intractable

to empirical and observational inquiry. However, in the late 1950’s and early 1960’s,
this started to change with the inception of the exobiology research programme of the
National Aeronautics and Space Administration (NASA) in the United States of Amer-
ica (USA) and the first efforts in the Search for Extraterrestrial Intelligence (SETI).
This was followed by a string of relevant discoveries in the 1970’s through to the
1990’s: extremophiles in hydrothermal vents, organic molecules in molecular clouds,
planet-forming disks around young stars, and the first detections of exoplanets [5].

In 1998, the term astrobiology came to the forefront in the public sphere when
the NASA Astrobiology Institute (NAI) was established. A rapid process of interna-
tional institutionalization ensued: in 1999, the Centro de Astrobiologia was created
in Spain, and a year later, the Cardiff Centre for Astrobiology was founded (but
closed in 2011), culminating in the European Astrobiology Network Association
(EANA) in 2001 and the constitution of similar institutions in other regions. In
Latin America, the Sociedad Mexicana de Astrobiologia was constituted in 2002
in Mexico, while the Laboratério de Astrobiologia — AstroLab, of the University
of Sao Paulo, was inaugurated in Brazil in 2012. In Asia, the Indian Astrobiol-
ogy Research Foundation (IARF) was established in 2006, while the Earth-Life
Science Institute (ELSI) was founded in Tokyo, Japan, in 2012. This process of
institutionalization reflected a gain of momentum for the field, in a period in which
it drifted into mainstream science and stirred optimism about the prospects of suc-
cess in finding life beyond Earth.

1.1. Astrobiology in the public sphere

Although public interest in astrobiology is usually assumed to be widespread [6-9],

it is still a poorly understood phenomenon, with evidence indicating that its appeal is
far from universal in the USA [10]. Given that the foundation of NAI in 1998 is known
to be associated with a peak in public interest generated by a claim of discovery of
fossilized Martian life in a meteorite [11,12] (more on that below), the institutionaliza-
tion of astrobiology in many different countries suggests the field touches on subjects
of a corresponding level of public interest. Although research points towards regional
variations in public interest and support for science — Europeans have very positive
views [13], while public trust is declining in the USA [14] and Brazil shows a relatively
low public awareness of science [15] -, public perceptions of science inform attitudes
towards public funding for research (i.e., those who have a positive perception of
science tend to be favorable to public funding of research) [16] and variation in public
support may ultimately impact funding decisions [17], which partially depend on the
effective communication of research results [18]. This underlines the importance of
accurately communicating a realistic view of the current scientific knowledge about
the possible existence of life elsewhere in the universe, the conditions for its exis-
tence, and the prospects of finding it.
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During the last three decades, there have been a few high-profile cases in which claims of possible discoveries and
scientific breakthroughs related to astrobiology and the SLE have made the headlines in many international newspapers
(see S5 Fig for a visual representation of these cases in the historical context of astrobiology). In August of 1996, a study
published in the journal Science by a team of various institutions in the USA and Canada, including NASA, claimed to
have obtained “evidence for primitive life in early Mars” in combined features resembling microfossils in the ALH84001
Mars meteorite [19]. This publication prompted a public announcement by then USA president Bill Clinton reflecting on the
significance of the possible discovery and a NASA press conference with scientists involved in the study, which ignited a
flurry of media and public attention. In the press conference, David McKay, the leading author, adopted a cautious tone
to explain why they considered “biologic activity” as the best explanation for the formation of the features identified in the
meteorite [20]. The event got live coverage from the three main USA broadcast television channels and, in less than a
week, NASA had counted more than one thousand stories about the research in USA television channels; this interest
was also reflected in the extensive coverage of USA and international newspapers on the details of the research and its
possible political consequences for the space agency [21]. Although it was later shown that the morphological structures
in the meteorite were consistent with abiogenic processes [22] and the current consensus is that there’s no compelling
evidence of Martian microfossils in ALH84001, the public attention drawn by the claims generated political momentum for
the institutionalization of astrobiology research at NASA [11,12].

As research developed to include the search for possible alternative biochemistries, in 2011 the claim of discovery of
“arsenic subsistent bacteria” in California’s Mono Lake [23] was announced by NASA as an expansion of the scope of the
SLE [24] and got ample international press coverage [25—28]. A bitter public dispute among scientists in blogs and social
media ensued, resulting in the refutation of the purported discovery [29]. In 2020, the announcement of the detection of a
possible biosignature, phosphine, in the upper atmosphere of Venus [30], stirred the public sphere with a claim of possible
life detection making the headlines in many international newspapers [31-36]. The detection was later refuted [37,38], but
it has been recently reappraised [39]. However, the biogenicity of the potential Venusian phosphine is still a contentious
matter [40].

A suggestion of a possible detection of life outside of the Solar System appeared in September of 2023, with data from
the James Webb Space Telescope (JWST) on the chemical composition of the atmosphere of the exoplanet K2-18b [41].
The paper claimed that some signals in the data collected from K2-18b’s atmosphere could indicate the existence of a
molecule called dimethyl sulfide (DMS), a known biosignature on Earth’s environment. The statistical low confidence of
detection of DMS (~10) and the still insufficiently explored possibility of abiogenic processes giving rise to the molecule
in a different and mostly unknown environment didn’t stop the authors from speculating in the paper about the results
amounting to “possible evidence of life” [41]. The next day, the headline on the BBC News website read: “Tantalising sign
of possible life on faraway world” [42], whereas the author of the news story, science journalist Pallab Ghosh, described
the result on social media as “new tantalizing evidence of life” on the exoplanet [43]. The story circulated widely in news-
papers around the world, including in Brazil [44], Portugal [45] and the UK [46].

In that same month, BBC News followed up on the story with an article entitled “Alien life in Universe: Scientists say
finding it is ‘only a matter of time™, offering a very optimistic view of the possibilities of success of the SLE: “Many astron-
omers are no longer asking whether there is life elsewhere in the Universe. The question on their minds is instead: when
will we find it? Many are optimistic of detecting life signs on a faraway world within our lifetimes - possibly in the next few
years.” [47].

In similar tones, the expectation that the SLE will be successful in the near future has been expressed in the past
decade by scientists, science communicators and journalists alike. Examples abound. In 2015, the American National
Public Radio (NPR) quoted NASA leading scientists promising that “within a decade” there would be “strong indications”
of “alien life” and “definite evidence” of it “within 20 to 30 years” [48]. In 2019, an article published by a science writer (an
expert in a field unrelated to astrobiology) on the website The Conversation claimed that “discovery [of extraterrestrial life]
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now seems inevitable and possibly imminent” [49] and was widely republished by news outlets, including Newsweek, The
New Zealand Herald and Science Alert. In 2021, The Economist ran a feature story entitled “The search for ET hots up: If
life exists beyond Earth, science may find it soon” [50], offering an overview of current strategies of research in the SLE,
optimistically describing the search for biosignatures in exoplanets and the promise future technology holds for the area.
These are but a small fraction of optimistic news stories about the current state of the SLE.

Speculations, expectations and promises associated with the SLE are being communicated with the public and they
play a role in the constitution of the public image of astrobiology. Understanding this portrayal should be part of an effort to
establish strategies to adequately and effectively communicate research results from the field, especially those related to
potential life detection. Since 2021, the scientific community has been attempting to establish a framework for assessing
and communicating claims of biosignature detection [51,52]. Related to these efforts, the Confidence of Life Detection
(CoLD) numerical scale was proposed to guide the communication of research results [53]. It has since motivated at
least one alternative proposal [54] and stirred debate [55]: for some in the community, adopting a numerical scale could
backfire, fueling miscommunication [56] and even (unintentional) censorship [57]. It's unknown whether the widespread
adoption of a framework to assess and communicate research results would be detrimental or beneficial to the effective
communication of the SLE.

With more data from exoplanets atmospheres coming from JWST (with which K2-18b’s 2023 data was collected), the
SLE has arguably entered a stage in which claims of possible life detection may reach the news cycle more quickly and in
greater numbers than ever before. This context underlines the importance of understanding the prevalence of speculative
content and expressions of expectations related to the SLE in the public sphere.

Studies focused on understanding how astrobiology is being portrayed in the public sphere are still scarce. Some touch
on the subject incidentally. Mace & Schwalbe (2020) [58] have analyzed how American and British newspapers have
framed the exploration of Mars from 2011 to 2016, a study in which the SLE is briefly approached as one of the frames
identified by the researchers. They noted that the coverage of the Curiosity rover misrepresented the research goals of
the mission, sensationalizing it as a search for life on Mars, which it wasn’t [58]. News articles and press conferences
were prominent primary sources used by Reinecke and Bimm (2022) [11] in a historical study on the shifts in strategies
employed by astrobiologists to maintain justification for research related to the SLE in the face of failures in obtaining pos-
itive results, i.e., detecting life beyond Earth. Primarily aiming at characterizing the mechanism of justification of research
in the face of lack of positive results called “the maintenance of ambiguity”, this study was not focused on obtaining a
clearer picture of the representations of the SLE in the media or the public sphere.

Directly touching on the question of the portrayal of the SLE in the public sphere, Schwarz & Seidl (2023) [59] con-
ducted an analysis of the framing of astrobiology, the Search for Extraterrestrial Intelligence (SETI) and UAP (Unidentified
Aerial Phenomena) in the German media. Their quantitative approach identified three main frames of what they call SETL
(Search for Extraterrestrial Life) in the most widely read online news sources in Germany: the space exploration frame,
the UAP (related to its extraterrestrial intelligence origin hypothesis), and the SETI frame. They found that scientific institu-
tions are the most prominent sources of information for the German press in the space exploration and SETI frames [59].

The present study starts to fill that gap, shining light on the speculations, promises and expectations that surround
the SLE and circulate in the science communication ecosystem. Three kinds of communications of scientific results are
examined and compared: papers published in academic journals, press releases and institutional communication materi-
als related to them, and newspapers articles reporting on the results of these studies. The timeframe of our study spans
almost three decades: from August of 1996, when research claiming to have found clues of past Martian life in meteorite
AHL84001 was published and received great public attention, until March of 2024. We examine the coverage of studies
related to the SLE in six reference newspapers (The New York Times, The Guardian, Folha de S. Paulo, Estadéo, Publico
and E/ Pais) in three different languages (English, Portuguese and Spanish) and from five different countries (United
States of America, United Kingdom, Brazil, Portugal and Spain). During the timespan of our study, changes in the media
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landscape impacted news organizations’ revenue generation, leading to layoffs and worse working conditions for journal-
ists, with science coverage being hit especially hard [60]. Despite the decline of traditional media and the growing influ-
ence of digital platforms in news consumption, our choice to focus on newspapers stems from the evidence showing that
traditional news organizations and legacy media are still the most trusted sources of information [61,62].

Our goal was to understand how research results from astrobiology are being portrayed in the public sphere. We
consider the study at least partially successful in this regard by uncovering the most frequent kinds of speculations and
promises/expectations about the SLE being communicated with the public, and how they occurred in different kinds of
documents.

1.2. Research questions

We sought to answer a broad, main question about the portrayal of astrobiology and the SLE in the public sphere by
focusing on three specific sub-questions:

RQ: How is research related to astrobiology and the SLE being portrayed in the public sphere?
Specific sub-questions:

SRQ1: What are the most frequent kinds of speculations and expectations/promises related to astrobiology and the SLE
circulating in the media landscape?

SRQ2: How frequent are these speculations and expectations/promises in the scientific papers, press releases and news
articles?

SRQ3: How frequent are these speculations and expectations/promises in different sub-areas of astrobiology?

SRQ4: In press releases and news articles, where are these speculations and expectations/promises occurring more
frequently and to whom are they being attributed? (e.g., are they more frequent without attribution to experts or are they
more frequent in quotes or attributed to experts?)

2. Materials and methods

This section presents the research questions, the development of the codebook and conceptual framework to answer
those questions, the corpus and how it was built, and a brief report on the coding process and intercoder reliability of the
instrument.

2.1. Corpus selection and organization

The English language corpus of news stories was composed by The New York Times (the leading newspaper in the
United States of America in number of subscribers and digital readership) and The Guardian (a reference newspaper in
the United Kingdom and without paywall). The Portuguese language corpus was constituted by news stories from three
newspapers: Folha de S. Paulo, the leader in digital circulation in Brazil, Estaddo, the Brazilian leader in print circulation
[63] and Puablico, the leader in digital circulation in Portugal [64]. The Spanish language corpus is composed of news sto-
ries from El Pais, the leading newspaper in digital readership in Spain [65]. Alongside the language proficiency of two of
the authors of the present study, the three languages were chosen because they are representative of a large proportion
of the world population (they are among the top six in number of native speakers).

The search for the news stories were carried out using the built-in search mechanisms of each of the newspapers,
except for El Pais, whose built-in search mechanism did not work with expressions in quotes. For this newspaper, the
search was carried out in Nexis Uni [66]. Results found in Nexis Uni were then accessed in the newspaper website. This
was in order to keep consistency in the access to the stories (all of the newspaper’s stories were accessed, consulted and
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analyzed through their own websites). Keywords and expressions used to search for news stories had only slight variation
in the three selected languages (see Table 1).

Since we aimed to compare three different kinds of communication of scientific results, we built the corpus in sets
containing at least one document of each kind: one news article, one corresponding press release and one corresponding
paper. Some sets contain more than one document of each kind.

Our focus was to obtain news articles reporting on papers related to astrobiology and the SLE: because of that, we
excluded editorials, book reviews, interviews, live coverages and stories unrelated to science coverage. News articles that
were not related to astrobiology or the SLE were also excluded. We also excluded articles that did not have a study as a
motivator or that did not cite or reference any studies. Only news articles reporting on published research studies (or stud-
ies that would be published), or that (directly or indirectly) referenced papers were selected. News articles that only cited
or referenced conference communications but not published research papers were excluded.

News articles covering published research results from the Search for Extraterrestrial Intelligence (SETI) and other
searches for technosignatures were included. Although there’s an ongoing debate about the inclusion of SETI within astro-
biology’s multidisciplinary field, we follow here Erik Persson’s conclusion that from a logical and philosophical perspective
there is no question that SETI and search for technosignatures should be considered part of astrobiology [2]. Articles
covering SETI initiatives are part of the corpus but are not prominent.

Once the news articles were found, we searched for the papers that were linked, cited or indirectly referenced by
the news story. In the rare cases in which the paper was unavailable from the original source, the news article was not
included in the corpus. With the corresponding papers found, we searched for the corresponding press releases or institu-
tional communication. Most press releases were found through Altmetrics’ compilation of stories and press releases citing
the paper, or by directly searching on two websites specialized in distributing and replicating press releases, EurekAlert!
[67] and ScienceDaily [68]. From the content provided by these platforms, it was possible to find the original press release
in the research institutions websites. Some press releases were found through Google searches using the paper title, the
authors’ names and their respective scientific institutions. Given the comparative nature of our study, we also excluded
news articles and papers for which a corresponding press release was not found or was non-existent.

A total of 272 news articles (118 in English, 118 in Portuguese and 36 in Spanish), 188 papers and 170 press releases
(all of them in English) were selected for coding (in total, 630 documents). See S1 Appendix for a full description of the
corpus organized in sets, with available links for each document (a substantial part of the corpus is behind paywalls).
Fig 1 (below) shows the process of data collection.

Table 1. Keywords and expressions utilized to search for news stories in three different languages.

English Portuguese Spanish

Astrobiology; “life detection”; “evidence of life”; “evi-
dence of biological”; “life elsewhere”; extraterrestrial;
“extraterrestrial life”; “search for extraterrestrial” [life];
“search for life” and “searching for life”; biosignature;
“habitable zone”; “habitable world” and “habitable
worlds”; habitability; goldilocks; “goldilocks planet”;
“alien life”.

Astrobiologia; extraterrestre — extraterrestres;
“vida extraterrestre”; “vida alienigena”; bioas-
sinatura — bioassinaturas; “evidéncia de vida”
e “evidéncias de vida”; “vida fora da Terra”;

“busca de vida”; “zona habitavel”; “planeta
habitavel”.

Astrobiologia; extraterrestre (filtering with

Keywords: planeta, vida, inteligente, microbio);
“vida extraterrestre”; “zona habitable”; “planeta
habitable”; biomarcador; biofirma; “vida fuera

. “ ».

de la tierra”; “sefial de vida”; “sefales de vida”
(extraterrestre); “busqueda de vida”; “evidencia
de vida’.

Keywords alienigena, biomarcador and the

Keywords “alien” or “aliens” returned too many results
unrelated to astrobiology, like movie or TV show
reviews. The word biomarker returned too many
results related to health news.

expression “sinais de vida” were dropped
because they returned too many unrelated
results.

Keyword extraterrestre alone returned too
many unrelated results, like movie and TV show
reviews.

https://doi.org/10.1371/journal.pone.0328766.t001
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1. Search for news articles with keywords
related to astrobiology and the SLE in
selected newspapers

News articles unrelated to astrobiology and
the SLE are excluded

2. Screening for news articles about

News articles unrelated to a specific
astrobiology and the SLE reporting on P

tud luded
published research papers paper/study are exclude

[3 Search for papers referenced in news

News articles for which papers weren't

articles found are excluded

News articles for which press releases
weren't found are excluded

G O e

4. Search for press releases corresponding
to the papers

\ 4

5. Only complete sets of news articles, press
releases and papers (containing at least one
of each type of document) made to the
corpus

Fig 1. Data collection method.

https://doi.org/10.1371/journal.pone.0328766.9g001

2.2. Conceptual framework and codebook

To identify the most common speculations, promises and expectations about astrobiology and the search for life else-
where (SLE) circulating in the public sphere (see Table 2), we developed a codebook specifically designed to compare
three sources of information about scientific research: the original paper, the press release and the newspaper article.
The definition of speculation used here is “the activity of guessing possible answers to a question without having enough
information to be certain” [69]. The meaning of promise in this framework is related to expectation and optimism, “the idea
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Table 2. Types of speculations and promises/expectations related to the SLE, from our conceptual framework.

Speculations and promises/expectations Category

Speculations Outcomes
Speculations about the outcomes of the SLE

Significance
Speculations about the significance of a particular research result for the SLE

Evidence
Speculations about the evidential status of a research result

Existence
Speculations about the existence of life beyond Earth

Conditions
Speculations about conditions and/or ingredients for the existence/emergence of life beyond Earth

Promises/Expectations Detection
The SLE is expected to detect life beyond Earth or produce evidence pointing to its existence

Progress
The SLE is making or will make progress

Technology
Technological development will/may provide clues, evidence or answers for the SLE

https://doi.org/10.1371/journal.pone.0328766.t002

that someone or something is likely to develop successfully and that people expect this to happen” [70]. Promises and
expectations are interconnected: promising statements help create expectations of future benefits springing from scientific
developments [71].

The speculations were initially split into four different categories: about the outcomes of the SLE; about the significance
of a particular research result for the SLE; about the evidential status of a research result; and about the existence of life
beyond Earth. During the pilot study phase, it was clear a fifth category, about conditions and/or ingredients for the exis-
tence/emergence of life beyond Earth, should be added.

Among the promises and expectations, three kinds were distinguished: the SLE is expected to detect life beyond Earth
or produce evidence pointing to its existence; the SLE is making or will make progress; and technological development
will or may provide clues, evidence or answers for the SLE. These categories didn’t change from the pilot studies to the
actual coding phase, but for both speculations, promises and expectations, adjustments in the descriptions were made
and clearer instructions and examples were added during the pilot study phase.

For each main category, if a speculation or promise/expectation was deemed to be present in the article, internal
questions about the attribution of speculations and promises/expectations in the articles were applied. When specula-
tions and promises/expectations occurred in press releases and news articles, we coded where they appeared and/or its
attribution: in the title/subtitle, in the body of the text without being attributed to any source (i.e., it's expressed as part of
the article written by the journalist or press officer and is not in quotes or attributed to an expert), in quotes of the authors
of the study (or attributed to them), in quotes of an outside expert (or attributed to one of them), and with other attribution
(e.g., attributed to an institution, the scientific community in general or to unidentified scientists/sources). We also coded
the levels of speculative content for each category of speculation, but the coding of the levels was not sufficiently reliable
between different coders to be included in the results (see section 2.3). The full version of the code book is available in S2

Appendix.

2.3. Intercoder reliability

To check the intercoder reliability of the coding scheme applied to the corpus in English, we randomly selected a sample
of 14 news articles (11.8% of the total), 21 press releases (12.3%) and 21 papers (11.1%). After a review process and
analysis of problematic cases of disagreements in the coding of the sample, with subsequent adjustments agreed upon
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by both coders, resulted in substantial agreement between coders, with an average of Krippendorff’s alpha 0.819 for
the main categories and 0.825 for internal questions about the attribution of the speculation and promises/expectations.
Intercoder reliability was also checked for Portuguese and Spanish language corpora, but with a different second coder.
Arandomly selected sample of 12 news stories in Portuguese (10.1% of the total) and 5 news stories in Spanish (13.8%)
was coded. After the same process of review applied to the English corpus, the average Krippendorff’s alpha in the
Portuguese/Spanish corpus for the main categories was 0.811 and 0.856 for the internal questions (about the attribution
of speculations and promises/expectations in the articles). The coded levels of speculative content were not sufficiently
reliable to be included in the results.

Full intercoder reliability results and description of the process of its development in pilot studies are available on S3

Appendix.

2.4, Data analysis

Since our research questions (1.2) aimed primarily at obtaining frequencies of occurrence of speculations and promises/
expectations in different kinds of science communication articles, and where they occur inside press releases and news
articles, we used descriptive statistics to present and analyze the results. Data analysis and visualizations were produced
in Microsoft PowerBl, Microsoft Excel and Google Sheets from the data in the original Excel coding spreadsheet.

3. Results
3.1. The occurrence of speculations, promises and expectations

The five kinds of speculations occurred in papers, press releases and news articles at very different rates (see Fig 2).
Speculations on evidence — about the evidential status of research results — were the rarest overall: they appeared in only
3.1% of papers, 3.5% of press releases and 5.8% of news articles. This is not surprising, given the extraordinary nature of
the claims that underpin this kind of speculation: the research result may be or point to evidence of the (past or present)
existence of extraterrestrial life. For example, claims derived from the original NASA study on possible microfossil struc-
tures in the meteorite ALH84001 appeared prominently in newspaper articles: “Evidence that a certain primitive form of
life may have existed on Mars more than 3 billion years ago has been found in a meteorite that fell to Earth 13,000 years
ago and was found in 1984” [72] (translated from Spanish); and: “scientists and space agency officials today reaffirmed
their claim of finding strong evidence for past life on Mars and asked skeptics among the world’s scientists to join them in
conducting even more rigorous tests needed to confirm or disprove it” [73]. More indirect speculations are also examples
of this kind: a press release claimed that the findings of a study about rocks in Mars’ Nili Fossae region “may provide a link
to evidence of living organisms on Mars, roughly 4 billion years ago in the Noachian period” [74].

The speculation about the outcomes of the SLE was also very rare in papers (2.6%), albeit a little more frequent in
press releases (7.6%) and news articles (11%). Examples of this kind of speculative content include simple and direct
expressions like “scientists could even discover compelling evidence of aliens” [75], or expressions of optimism with the
outcomes of the search in a timeframe, e.g., “it is quite possible that, within our lifetimes, atmospheric studies of these
extrasolar planets will provide the first evidence of biological life beyond Earth” [76], or a perception of an increasing likeli-
hood of success, e.g., “And with the discovery by Nasa and other scientists of Kepler 452b plus 12 other possible “hab-
itable” exoplanets, it may have become just a little more likely that humans will find extraterrestrial life on another planet”
[77]. More recently, a press release attributed to the authors of a study on a new hypothetical class of exoplanets a claim
that their research results “could mean that finding biosignatures of life outside our Solar System within the next few years
is a real possibility” [78].

Still rare in papers (5.3%), the speculation on the significance of research results for the SLE appeared in 28.2% of
press releases and in 23.9% of news articles. These speculations deal with the meaning of the research results for the

PLOS One | https://doi.org/10.1371/journal.pone.0328766  July 29, 2025 9/28




PLO\S\%- One

® Research Paper ® Press Release ® News Article

2.66
Outcomes 7.65

11.03

Significance 28.24

Evidence
5.88

14.36

Existence 22.94

47.43

22.87

Conditions 47.65

56.62

o

10 20 30 40 50 60

Fig 2. Speculations occurrence per article type. Percentage of articles containing each type of speculation.

https://doi.org/10.1371/journal.pone.0328766.9002

development and the goals of the SLE. For example, a 2021 press release from the European Southern Observatory por-
trays the result that points to the existence of an exoplanet with half the mass of Venus as “an important step in the quest
to find life on Earth-sized planets outside the Solar System” [79] (our emphasis). In another example from ESO releases
related to exoplanet detection (three around an M-dwarf star), the leading scientist claims the result is “a paradigm shift
with regards to the planet population and the path towards finding life in the Universe” [80] (our emphasis). The fact
they’re most occurring in press releases will be considered in the discussion section.

Appearing at a higher rate were the speculations on existence of life elsewhere. 14.3% of papers, 22.9% of press
releases and 47.4% of news articles exhibited speculative content of this kind. Featured prominently in news articles,
speculations about the existence of extraterrestrial life are frequently associated with the possibility of life on Mars.
Examples of those include: “the finding raises the likelihood that any microbial life that arose on Mars may continue to eke
out a rather bleak existence deep beneath the surface” [81] and “If it were possible to drill a mile into Mars into the newly
discovered lake, he said he’'d bet there was life there too” [82]. Speculations of this kind is also salient in earlier stories
about studies on Martian meteorite ALH84001: “This is supporting evidence for the presence of ancient life on Mars” and
“the new study strongly supported the original claim and may even suggest that there is still microscopic life on Mars” [83]
and, finally, “It means bacteria must have been very widespread on Mars” [84].

The most frequent kind, speculations on conditions and ingredients for life beyond Earth were present in 22.8% of
papers, 47.6% of press releases and 56.6% of news articles. Examples of this kind of speculation linked to one study
alone include direct claims, like “SwRI scientists discover evidence for a habitable region within Saturn’s moon Enceladus”
[85], and clear statements in newspapers headlines and fine line “Small Saturn moon has most of conditions needed to
sustain life, Nasa says — Space organization finds that hydrogen erupts out of underground ocean on Enceladus, meaning
it has the water, chemistry and energy sources life requires” [86]. In the same news article, scientists express optimistic
claims about conditions and ingredients for life: “although we can’t detect life, we’ve found that there’s a food source there
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for it. It would be like a candy store for microbes” and “another scientist involved in the project said the discovery showed
that the moon’s ocean contained a potential chemical feast for microbes. “We have made the first calorie count on an
alien ocean,” he said” [86]. Another news story covering the same results channeled the scientist’s optimism with favor-
able conditions for life in the Solar System: “With the first three of the four prerequisites ticked off, Coates now considers
Enceladus, along with Jupiter’s moon Europa, to be the most likely place in the solar system to discover microbial life
today” [87].

The three kinds of expressions of promises and expectations also occurred in papers, press releases and news articles
at different rates (see Fig 3). The rarest kind was detection, the promise/expectation that the SLE will detect extraterres-
trial life at some point in the future, with only 0.5% of papers, 1.7% of press releases and 3.3% of news articles exhibiting
it. A textbook example, the news article ran by The Guardian with the headline “Mini-Neptunes’ beyond solar system may
soon yield signs of life” claimed that “signs of life beyond our solar system may be detectable within two to three years”,
attributing it to the authors of the study, one of them quoted: “we are saying that within two to three years we may see the
first biosignature detection if these planets host life” [88].

Promises/expectations that the SLE is making or will make progress occurred in 5.8% of papers, 22.9% in press
releases and 20.5% in news articles. Contextualizing research results from an exoplanet characterization research, a
press release illustrates this kind of promise/expectation very clearly: “This marks the first detection of an atmosphere
around an Earth-like planet other than Earth itself, and thus is a significant step on the path towards the detection of life
outside our Solar System” [89] (our emphasis). And the news article covering the same study followed through with the
same approach: “The discovery marks one of the first times that scientists have spotted an atmosphere around a small,
rocky world and brings them one step closer to the goal of finding life elsewhere in the universe.” [90].

The most frequent promise was the technology kind, expressing the expectation that technological development will or
may provide clues, evidence or answers for the SLE, occurring in 11.7% of papers, 25.8% of press releases and 34.5% of
news articles. In expressions of this kind of promise/expectation, new observation apparatuses like JWST feature prom-
inently, like in a press release of the University of Cambridge: “These planets all orbit red dwarf stars between 35-150
light years away: close by astronomical standards. Already planned JWST observations of the most promising candidate,
K2-18b, could lead to the detection of one or more biosignature molecules” [78]. The exoplanet K2-18b is also the protag-
onist of a news article containing this kind of promise/expectation:

@ Research paper @ Press release ® News Article

0.53
Detection 1.76
3.31

Progress 22.94
20.59

Technology 25.88
34.56

0 10 20 30 40 50 60

Fig 3. Promises/expectations occurrence per article type. Percentage of articles containing each type of promises/expectations.

https://doi.org/10.1371/journal.pone.0328766.9003
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“Astronomers now hope to study more super-Earths for signs of water in their atmospheres. That work is due to be
transformed in coming years with the launch of Nasa’s James Webb space telescope in 2021 and the European Space
Agency’s Ariel mission in 2028. Observations from these telescopes should reveal more about the makeup of atmo-
spheres on distant worlds, including the presence of methane and other gases that could be direct signs of life.” [91]

With the exception of the significance speculation and the progress promise/expectation, speculations and promises/
expectations exhibit a pattern of occurrence among the types of documents: papers have a significantly lower number of
speculative content and expressions of promises/expectation, while press releases exhibit a higher occurrence rate than
papers, and news articles are the type of document showing the highest occurring rate. In the significance speculation and
the progress promise/expectation, however, press releases have slightly more occurrences than news articles, although
papers continue to be, by far, the type of document with less occurrences.

3.2. The occurrence of speculations, promises and expectations in sub-areas

We also coded subareas of research related to astrobiology to detect any variations of occurrence of speculations and
promises/expectations according to the general subject of study. Four broad subareas of research were distinguished:
1. solar system planetary science and robotic exploration, 2. exoplanet research, star-planet formation and interstellar
medium, 3. origins of life and alternative biochemistries, and 4. Search for Extraterrestrial Intelligence (SET/) and techno-
signatures. A fifth category was added (other) to accommodate research that was not related to any of the aforementioned
four.

Looking into the occurrence of speculations in each subarea of research in astrobiology, we found that 66.6%
of articles from subarea exoplanet research exhibited at least one kind of speculation, with 60.5% in subarea solar
system, 57.3% for origins of life. 66.6% of articles in subarea SET/ exhibited at least one kind of speculation (see Fig
4) — the same numbers apply for the category for other: 66.6%. Each sub-area had a different number of articles. The
exoplanet research subarea had the most articles with speculation (186), and it also had the largest number of articles
overall (279 in total).

Promises/expectations also occurred most frequently in subarea exoplanet research (see Fig 5). 49.4% of articles from
this sub-area exhibited at least one kind of promise/expectation, 27.4% in subarea solar system, 9.8% in subarea origins
of life, 4.7% in subarea SETI, and 28.5% in the other category.

3.3. Attributions of speculations, promises and expectations in press releases and news articles

Tables 3 and 4 show percentages that correspond to the proportion of speculations and promises/expectations in each
place/attribution in relation to the total of news articles or press releases that exhibited that kind of speculation or prom-
ise/expectation (papers weren’t subject to these coding categories because they are, by definition, expressions of the
authors). Note that the category “author” in these tables refer to the author(s) of the paper, not the author of the news
articles or the press releases.

In the tables, percentages of occurrence of each speculation and promise/expectation sum up more than 100%
because the same speculation or promise could occur (and often did occur) in more than one place and/or with more
than one attribution. For example, in the news story published by The Guardian in 2014 entitled “Ocean discovered on
Enceladus may be best place to look for alien life” [92], speculations about the existence of life elsewhere occurred at the
same time in the title/subtitle, in body of text with no attribution to experts, inside quotes of the author of the paper, inside
quotes of an outside expert and attributed to undetermined scientists/experts. This is a very rare occurrence. However, it
serves to illustrate that the same speculation or promise/expectation can be present in more than one place and/or with
more than one attribution in news articles and press releases (e.g., it can be inside quotes of the author of the study and
attributed to an outside expert in the same article).
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When speculations occur in news articles and press releases, we have found that they appear more frequently in the
headlines and subtitles of news articles than in titles of press releases — the only exception is for the evidence specula-
tion, which appear in 50% of titles of press releases in which it occurs (albeit with a very low total number, 3), and in only
18.7% of headlines of news articles in which it occurs.

In press releases that presented speculations, the most frequent occurrence was inside quotes of the author(s) of the
study (or attributed to them), with the exception of the evidence type: 53.8% for outcomes, 56.2% for significance, 61.5%
for existence and 64.2% for conditions speculations. In comparison with press releases, news articles that contained
speculations had them occurring inside quotes of the author(s) of the study in lower frequencies for four types: 26.7% for
outcomes, 47.2% for significance, 35.6% for existence and 51.9% for conditions. The outlier was the evidence specula-
tion: 75% of its occurrences in news articles had them attributed to an author of the study, and 33.3% in press releases (it
should be noted the low total number of this occurrence, 2).

We also found that the occurrence of speculations associated with an outside expert in press releases were compara-
tively low: 0 for the outcomes, 7.7% for existence, 6.2% for conditions speculations and 16.7% for evidence speculations.
In contrast, news articles exhibited speculations associated with outside experts more frequently: 26.7% of outcomes,
25%% of evidence, 27.1% of existence and 22.7% of conditions speculations were inside quotes of or attributed to an out-
side expert in news articles. The exception was the significance speculation, for which news articles and press releases
presented similar percentages (21.5% and 20.8%, respectively).
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With the exception of the evidence speculation, the second most prominent locus of occurring speculations in press
releases was in the body of the article, not attributed to an expert or other sources. 46.1%% of outcomes, 43.7% of signif-
icance, 43.6% for existence and 60.5% of existence speculations appeared in the body of the text in press releases (the
outlier was the evidence speculation, 83.3%). In news articles in which speculations occurred, 55.8% of conditions, 48%
of existence, 43% of significance and 40% of outcomes speculations appeared in the body of the text without attribution to
experts. These percentages are approximately at the same level of press releases. The only substantial discrepancy is in
the evidence speculation: when it occurred in news articles, 43.7% of the time it was in the body of the text, while in press
releases the percentage reached 83.3%, albeit with a very low total number (5). Finally, in news articles, we found a low
occurrence of speculations in the “other” category — which is applicable to attributions to scientific institutions (e.g., NASA,
ESA) or undetermined experts and sources, and an even lower frequency of this kind of attribution of speculations in the
press releases (only 3 occurrences in total).

Promises/expectations appear in a very small fraction of the headlines and subtitles of news articles (14.3% for prog-
ress kind, 11.1% for detection and none for the technology kind), and of titles and subtitles of press releases (5.1% for
progress, 4.5% for technology and none for detection). In press releases, 66.6% of detection (with a very low total num-
ber: 2 occurrences), 59% of progress and 45.4% of technology promises/expectations appeared in press releases inside
quotes or attributed to the author(s) of the paper. In news articles, the detection promise/expectation also appeared
prominently (66.7%) inside quotes or attributed to the author(s) of the study (although with a very low number, 6), while
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Table 3. Percentage of occurrence of speculations by kind and by locus/attribution in news articles and press releases.

News articles ‘ ‘

Title ‘ Body ‘ Author Outside Other
Outcomes 3.3% (1) 33.3% (10) 26.7% (8) 10% (3)
Significance 20% (13) 21.5% (14) 3% (2)
Evidence 18.7% (3) 25% (4) 12.5% (2)
Existence 34.1% (44) 27.1% (35) 10.8% (14)
Conditions 37% (57) 22.7% (35) 7.8% (12)
Press Releases ‘

Title ' Author Outside Other
Outcomes 7.7% (1) 0% 7.7% (1)
Significance 10.4% (5) 20.8% (10) 2% (1)
Evidence 33.3% (2) 16.7% (1) 0%
Existence 23% (9) 7.7% (3) 0%
Conditions 17.2% (14) 6.2% (5) 1.2% (1)

Total number of occurrences inside parenthesis. Color shades indicate the frequency of occurrence of speculations (darker shades indicate higher per-
centages). Column titles indicate the locus/attribution of occurrence. “Title”: the speculation occurred in the title and/or the subtitle of the article. “Body”:
occurrence in the body of the text without being attributed to any source (i.e., it's expressed as part of the article written by the journalist or press officer
and is not in quotes or attributed to an expert). “Author”: in quotes of the authors of the study (or attributed to them). “Outside”: in quotes of an outside
expert (or attributed to one of them). “Other”: with other attribution (attributed to an institution or to unidentified scientists/sources).

https://doi.org/10.1371/journal.pone.0328766.t003

Table 4. Percentage of occurrence of promises/expectations by kind and by locus/attribution in news articles and press releases.

News Articles

Title Body Author Outside Other
Detection 11.1% (1) 11.1% (1) 22.2% (2) 11.1% (1)
Progress 14.3% (8) 28.6% (16) 3.6% (2)
Technology 0% 24.5% (23) 26.6% (25) 2.1% (2)
Press Releases ‘

Title Body ' Author Outside Other
Detection 0% 0% 0%
Progress 51% (2) 23% (9) 2.6% (1)
Technology 4.5% (2) 15.9% (7) 0%

Total number of occurrences inside parenthesis. Color shades indicate the frequency of occurrence of promises/expectations (darker shades indicate
higher percentages). Column titles indicate the locus/attribution of occurrence. “Title”: the promise/expectation occurred in the title and/or the subtitle of
the article. “Body”: occurrence in the body of the text without being attributed to any source (i.e., it's expressed as part of the article written by the jour-
nalist or press officer and is not in quotes or attributed to an expert). “Author”: in quotes of the authors of the study (or attributed to them). “Outside”: in
quotes of an outside expert (or attributed to one of them). “Other”: with other attribution (attributed to an institution or to unidentified scientists/sources).

https://doi.org/10.1371/journal.pone.0328766.t004

substantially lower (in comparison with press releases) for progress (28.6%) and technology (24.5%). In both news
articles and press releases, the technology promise/expectation was most prominently present in the body of the text, in
similar levels (59.6% and 56.8% respectively).

Among news articles in which promises/expectations occurred, 35.7% of progress, 26.6% of technology and 22.2%
of detection were exhibited inside quotes or attributed to an outside expert. In this regard, this is consistently higher than
press releases: 23% for progress, 15.9% for technology and none for detection. Both speculations and promises/expecta-
tions, then, appeared in lower proportion attributed to outside experts in press releases than in news articles.
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Finally, as it happened with speculations, we found a very low occurrence of promises/expectations in the “other” cat-
egory: five times in total for news articles (11.1% for detection, 3.6% of progress and 2.1% of technology) and only once
(2.6% of progress) in press releases, which exhibited no promise/expectation of detection and technology in this manner.

4. Discussion

The significance of the SLE to the broader cultural and societal landscapes is usually portrayed as universal, articulated
as a way of answering what is sometimes touted as the “greatest question of all” [93], a time immemorial riddle irrespec-
tive of cultural boundaries. The question is also portrayed as something that goes beyond science: finding life elsewhere,
so it goes, may alter current assumptions about reality [94] and it’s recognized as having profound consequences of
extra-scientific (philosophical, religious, ethical) character, potentially changing worldviews across different cultures [95].
Finding life beyond Earth is also viewed as the potential completion of the Copernican Revolution and Darwinian world-
view: a cosmos in which the Earth and humanity have no privileged place [96].

Although there’s no denying that the potential discovery of extraterrestrial life may have profound social and cultural
impacts much beyond science, the grandeur of significance of the SLE can also be used as a rhetorical tool to foster and
justify something more mundane: funding for research programs, with impact in the financial incentives for technoscientific
projects and for the science communication ecosystem. Coupling this image of utmost significance of the SLE for human-
ity with the promise that it's reaching a point in which definite answers might be produced is a powerful way of setting up
high public expectations about astrobiology and socially legitimizing it.

Expectations are decisive elements in the establishment of new scientific fields [97]. Promises of scientific progress
and speculations about scientific breakthroughs play a role in fostering optimism with the potential development of a new
area of research, constituting the horizon with which funding decisions are made, and the expectations they generate
influence agenda setting [98]. Science hype, the raising of expectations around the prospects of success of a field, can be
a positive force by attracting the attention and inviting the contribution of the public and a plurality of societal actors to help
shape the future direction of research [99]. On the downside, failure of expectations can be damaging to the credibility of
institutions associated with them [100].

In scientific discourse, overpromising (promises that are unwarranted by the current state of knowledge) is a tool for
garnering funding and may lead to unrealistic expectations [101]. But distinguishing promising from overpromising can be
contentious when the state of knowledge is still under development or under debate [101]. Speculative content, while not
bound by strict demands of being accurate and truthful, influences societal factors involved in shaping the future of scien-
tific and technological development [102].

The publication, in 2021, of a journalistic article asking “Why Do So Many Astronomy Discoveries Fail to Live Up to the
Hype?” [103] inspired a synthetic analysis on the dynamics of hype in astronomy and astrobiology [104]. The journalistic
article doesn’t claim that there is an increase in hype in astronomy, just that there are many cases of hyped up results that
didn’t live up for the excitement created around them. Hype in science is usually blamed on the mass media, but it is prob-
ably a product of various entities involved in the production and circulation of knowledge [105,106]. Lenardic et al, 2022
[104] looks at the possible dynamics of hype in astronomy and astrobiology and points to a systemic cause as the root of
the phenomenon, with no distinguishable regulatory solutions like the establishment of frameworks for the communication
of results in the SLE. It also takes for granted the rise in hype in astrobiology [104]. Although it is known that there’s pres-
sure on scientists to describe their research with overtly promotional words [107], as well as on science communicators to
grab attention from media outlets and on journalists to write newsworthy stories [108], it is unclear if there is a rise in hype
in astrobiology.

The speculations, promises and expectations that occurred in the articles analyzed in our research help shape the pub-
lic image of astrobiology and the SLE. By playing this role, they can also influence the future development of the area by
informing social and political processes that impact decisions about the direction of the research in the field. By circulating
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expectations and speculative information about the SLE in the public sphere, scientists, institutional science communi-
cators and journalists are (intentionally or unintentionally) influencing and even shaping up the focus and the scope of
current and future research. Expressions of optimism have the potential to lead to more funding in developing a particular
technique or observational apparatus to seek for Earth-like planets (e.g., the Habitable Worlds Observatory), or opening
up space for a particular field of research (e.g., exoplanet atmospheric characterization).

Since the conceptualization of this research, we have adopted a position of agnosticism towards life beyond Earth
and the search for it. The current state of scientific knowledge about the prevalence of life in the universe is still highly
uncertain. We don’t know if life exists elsewhere in the universe and we don’t know if we are ever going to reach a defi-
nite answer to the main question underlying the SLE. This discipline of thought and interpretation was needed to be able
to spot the speculations, promises and expectations related to the field, since the current zeitgeist is dominated by the
perspective that life (at least microorganisms) is probably common throughout the universe and it is conceivably within our
grasp to find it elsewhere.

Speculations, expectations and promises are frequently latent, context-dependent content. The context for the occur-
rence and detection of these types of content is composed by the overall tone and approach of the article and the sur-
rounding paragraphs, the state of scientific knowledge at the time of their occurrence, what the research result is telling
and how information given about the result is being extrapolated in affirmations that are not supported by them. This is the
relevance of coding the material in sets of associated papers, press releases and news articles. The approach gives the
coder part of the necessary context to distinguish features of the communication of a research result such as the specula-
tions and expectations/promises.

4.1. Comparing papers, press releases and news articles

In all coded categories the papers were, by a substantial margin, the type of document with least occurrence of specula-
tions and promises/expectations. That’s hardly surprising. Papers are the most rigorous and vetted form of communication
of scientific results, subject to a publishing process that limits the space for speculations. Negative incentives are also

at play: credibility might be damaged among peers if authors speculate — especially if the speculation is unwarranted by
the results it describes or if it goes beyond current state of knowledge. We found that less than 6% of papers showed
speculations, promises and expectations in five categories (significance, outcomes and evidence speculations; detection
and progress promises/expectations). But papers also exhibited a relatively substantial amount of speculations about

the conditions and ingredients for life (22.8%), about the existence of life (14.6%), and the expectation that technologi-
cal development is going to provide clues or answers for the SLE in the future (11.7%). Consistently, in these categories
press releases scored higher than papers (22.9%, 47.6%, 25.8% respectively) and news articles scored higher than press
releases (47.4%, 56.6%, 34.5% respectively).

In only one kind of speculation (significance) and one kind of promise and expectation (progress) press releases were
the type of article that exhibited proportionately the most occurrences. These are also the only categories that do not
show the general pattern in which papers exhibited less speculations, promises and expectations than press releases,
and press releases exhibited less speculations, promises and expectations than news articles. 22.9% of press releases,
20.5% of news articles and only 5.8% of papers had expressions that suggested that the SLE is making or will make
progress. 28.2% of press releases, 23.9% of news articles and only 5.3% of papers had speculative content related to the
significance of a particular research result for the SLE. This slight preponderance of speculations, promises and expec-
tations of these kinds in press releases is probably related to the nature of both categories: they are associated to the
communication of the relevance of a given research result to the progress of the SLE.

Science communicators responsible for press releases have been effectively acting as interpreters of published papers,
often making narrative choices and deciding how research results are going to be framed [109]. The number of press
releases produced and the number of them that reach the news coverage are the metrics typically used by PR Offices to
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assess their contributions to the success of their institutions’ publicity [110]. Institutions employ PR to elevate their sta-

tus in the public domain and among their peer competitors, aiming at increasing and justifying research funding. There’s
considerable motivation for the institutions to inflate the impact and/or the scope of the research results they are promot-
ing into the news. This is why a major challenge for press information officers (PIOs) is “to resist the pressures of their top
management” [111]. Our results show that they are the type of document that most circulates speculations about the sig-
nificance of results and expectations of progress in the area, and this may be related to the way press releases are written
to grab attention from the press by promoting the impact of the research results for the SLE.

The lower occurrence of speculations and promises/expectations attributed to outside experts in press releases in com-
parison with news articles is hardly surprising. Institutional communication materials like press releases usually have the
authors of the study as authoritative sources and rarely have scientists not involved in the research to serve as a source
of contextualization and explanation of the findings it describes. News articles, on the other hand, reflect a principle of
science journalism: to seek sources not involved in research for feedback, context and possible skeptical considerations.

An interesting finding in both press releases and news articles is that the detection promise appeared much more
prominently inside quotes of the author(s) of the study (or attributed to them), although the total number of occurrences of
this type of promise/expectation was low overall in both types of documents (11 in news articles and 3 in press releases).
That may indicate that when it comes to overt promises of life detection, journalists and science communicators tend to
leave it in the hands of the scientists that made them, but the low total number of occurrences of the detection promise is
a natural limitation for any interpretation about this.

Press releases and news stories, almost by definition, should not mimic the arid and controlled discourse of the paper,
but, ideally, should still adhere to standards of rigor that limit expressions of speculative content. When papers contextu-
alize research results, it's usually directed to the peers, other experts from the area. That’s part of the reason why they
contain consistently less speculative content than press releases and news articles. A paper containing an announcement
of the detection of a low-mass exoplanet in the habitable zone around a red dwarf star doesn’t need to inform the involved
community that the planet might offer conditions for the existence of life: it's implied. But the press release and the news
article communicating the research result would miss the relevance of the study for the SLE if they didn’t mention this pos-
sibility. It’s in the public interest that contextualization of research results is communicated, especially when it articulates
the results with the broader picture of a scientific field. The point is that there are many ways of contextualizing research
results, exploring their significance and impact for the area, and pointing the way towards the future of the SLE. To specu-
late that a low-mass exoplanet around a red dwarf might be habitable is legitimate, but it would be a stretch to make opti-
mistic statements about the likelihood of its habitability or of the existence of life in it before any further characterization of
the planet, including its atmosphere.

4.2. lllustration of internal dynamics

Papers that speculate, even if cautiously so, can lead to less cautious speculative content in press releases and news
articles. The communication of research results on the TRAPPIST-1 exoplanetary system is an example of a speculation
present in the paper that got into the press release with a slightly different meaning, and finally made its way into a news
article with that subtle, but noticeable, shift in meaning. We use here this set of documents as an illustration of how this
dynamic can happen.

First, conditions speculations appeared in the paper:

Using 1-dimensional and 3-dimensional climate models, Gillon et al. (2017) deduce that the surface temperatures of
planets e, f, and g are suitable for harboring water oceans on their surface. However, using the runaway greenhouse
limit of Pierrehumbert (2010), we found that planet d, too, may be habitable, if its albedo is = 0.3. Planet d might be

covered by a global water ocean that can provide a favorable environment for the appearance of life. This conclusion
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supports the finding of Vinson & Hansen (2017), who calculate the surface temperature of the TRAPPIST-1 planets due
to stellar irradiation and tidal heating due to the circularization of the orbits, and found that planets d, e, and f might be
habitable. [112] (our markings).

The paper concluded that, among the planets in the system, “d and e are the most likely to be habitable.” The press
release, titled “TRAPPIST-1 System Planets Potentially Habitable”, opened up with almost the same wording, but with a
different meaning: “[tjwo exoplanets in the TRAPPIST-1 system have been identified as most likely to be habitable” [113]
(our markings). Then, the headline of the article published by The Guardian on the same day of the press release read:
“Two planets in an unusual star system are very likely habitable, scientists say” [114]. That’s a stark shift in meaning: from
an anodyne speculation in the paper to strong suggestions of habitable conditions in the press release and news article.

The TRAPPIST-1 system was the subject of another set of papers, press releases and news articles in which specu-
lations and expectations abounded, albeit with a different dynamic. The paper announcing the discovery of the exoplan-
ets didn’t show any speculative content, nor promises and expectations. Two press releases were issued, one by the
European Southern Observatory (ESO), the other by NASA. The carefully worded ESO article mentioned an increasing
chance that the system “could play host to life” (conditions speculation) and quoted one of the authors saying that the then
upcoming JWST would soon enable scientists to “search for water and perhaps even evidence of life on these worlds”
(technological development promise) [115]. The NASA press release, also carefully worded, quoted one of the agency
leading scientists stating the discovery “could be significant piece of the puzzle of finding habitable environments, places
that are conducive to life” (significance and conditions speculations) and lauding the result as a “remarkable step forward
toward [the] goal” of answering the question: “are we alone?” (progress promise) [116].

News articles followed. The Guardian published two stories on the discovery. The first article, compared to the follow
up, was sober in tone but contained a speculation on the significance for the SLE in the headline “Discovery of new exo-
planets is a lottery win for astronomers seeking alien life”, alongside carefully worded promises of progress and techno-
logical development [117]. The second article reported on hopes being raised that “the hunt for alien life beyond the solar
system could start much sooner than previously thought” (progress promise) “with the next generation of telescopes”
(technological development promise), quoting one of the authors of the study saying “I think we’ve made a crucial step in
finding out if there’s life out there” (outcomes speculation) and that researchers hoped to know if there is life on those exo-
planets “within a decade” (detection promise) [118]. The New York Times’ article reproduced the same “crucial step” quote
from one of the authors right after stating that “scientists could even discover compelling evidence of aliens” (oufcomes
speculation), juxtaposing this statement with another quote from the same scientist: “here, if life managed to thrive and
releases gases similar to that we have on Earth, then we will know” (detection promise, our markings) [75]. This scientist
is also quoted as saying that the research was “a step forward — a leap forward, in fact” towards answering the question
that guides the SLE (progress promise) [75]. NYT also quoted an optimistic outside expert on how the discovery “make
the search for life in the galaxy imminent” (outcomes speculation) [75]. Both NYT’s article and The Guardian second story
also contained existence and conditions speculations.

Although papers consistently exhibit less speculations and promises/expectations than press releases and news
articles, some feature as prominent locus of occurrence of speculations and promises/expectations. The case of possible
detection of a biosignature in the atmosphere of exoplanet K2-18b, from 2023, is illustrative. Except for the outcomes kind
of speculations, the paper exhibited all of the other kinds of speculations and promises/expectations. The study specu-
lates that a low confidence detection of DMS is a “possible evidence of life” on the exoplanet, and that the result “provides
a pathway toward the possible detection of life on an exoplanet with JWST” [41]. Both press releases [119,120] issued to
promote the results didn’t highlight the potential biosignature in the title or in the opening, and contained less speculations
and promises than the paper (most occurrences in these documents inside quotes or attributed to the author(s) of the
paper). Surprisingly, the news article [46] reproduced only one speculation, conditions.
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4.3. Exoplanet research and the space for speculative content

The high occurrence of speculations and promises/expectations in articles related to exoplanet research is noteworthy.
Even though this sub-area had roughly the same percentage of occurrence of speculations as the solar system explo-
ration one (66.6% and 60.4%, respectively), it showed a higher propensity to exhibit promises/expectations (49.4% to
27.4%). A review article on the origins of life and the SLE associated the rapid growing number of detected exoplanets as
a factor to speculate that “the chances of detecting signs of extraterrestrial life are increasing” [121]. Part of the motivation
for research focused on detecting low mass exoplanets (presumably rocky worlds) in the habitable zone of their parent
stars is attributed to the public interest or “public curiosity” about the theme [122]. As philosopher of science Peter Vickers
stated once: “one thing unites [exoplanet scientists]: the search for extraterrestrial life” [123]. With the rapid growth of the
number of detected exoplanets (from the first one in 1995-5000 by the end of 2022) and the current dawn of the era of
exoplanet atmospheric characterization, it is hardly surprising that much speculative content occurred in articles from this
subarea. Most importantly, with the general optimism with the prospects of detection of biosignatures in exoplanets’ atmo-
spheres in the near future, it's no surprise that expectations and promises were expressed substantially more in exoplan-
ets research than in other subareas.

Speculations on conditions and existence of life in articles about exoplanet research are usually related to the hab-
itability of planets outside the solar system and their possible similarity to Earth, which is usually conveyed by the term
Earth-like. Potentially habitable exoplanets orbit their parent star in the so called “habitable zone”, a distance to the
star that may offer conditions for the planet to support liquid water on its surface (if other structural characteristics are
present, like the presence of an atmosphere with the right pressure). One set of documents we analyzed is illustrative
of how slippery it is to communicate about conditions for life beyond Earth when dealing with the concept of habitabil-
ity. The paper dealt with a statistical estimate of planets in the “habitable zone” with data provided by the Kepler space
telescope [124] and didn’t show any speculations or promises/expectations, but the press release was titled: “Astron-
omers answer key question: How common are habitable planets?” and mentioned that some of them were subject to
“lukewarm temperatures suitable for life” (our markings) [125]. On the same day of publication of the paper and the
press release, The New York Times ran a story stating that “[t{jhe known odds of something — or someone — living
far, far away from Earth improved beyond astronomers’ boldest dreams on Monday” and that the results “increased
the chances that there might be life somewhere among the stars” [126]. The Guardian also published an article on
that day with the headline: “Two billion planets in our galaxy may be suitable for life”. The story claimed that the data
suggested “planets capable of supporting life are far more common than previously thought” and quoted one of the
authors speculating that the universe seemed to produce “plentiful real estate for life that somehow resembles life on
Earth” [127]. The drift in meaning from statistical inference of planets in the “habitable zone” to places “suitable for life”
that may “resembile life on Earth” is remarkable.

The high occurrence of conditions and existence speculations may be related to the current state of knowledge about
what is life, the limits of life and the necessary and sufficient conditions for its existence. Since knowledge about the exis-
tence of life beyond Earth and where the conditions for it might exist is still elusive, speculative content in the communica-
tion of the SLE seems to be almost inevitable: it reflects the still speculative and promising state of the young field. But the
line that distinguishes unwarranted speculative content and legitimate contextualization seems very blurred.

Speculations and expressions of promises and expectations do not intrinsically constitute bad science communi-
cation or misrepresentations of the scientific process. In a field like astrobiology, especially in its SLE branch, specu-
lative content is intrinsic in the development of concepts and hypotheses that guide the research. Nevertheless, not
all speculations are legitimate in science, nor should speculative content be always prominent in a scientific field.

It has been argued that the scientific process of testing hypotheses and winnowing out possible explanations with
more and better empirical data should shrink the room for speculations in astrobiology [2]. Persson argues that room
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for speculations in the field should be limited by existing data and validated background scientific knowledge [2]. It's
unreasonable to demand that the space for speculations and expectations in the communication of research results
from the SLE should be limited in the same fashion of the scientific process. Although our research was not designed
to identify a clear line to distinguish the space for justified speculative content from unwarranted speculations and
overpromising, our findings do offer some useful clues for future efforts in making the communication of astrobiology
and the SLE less subject to a kind of content that could artificially inflate public expectations and be harmful for astro-
biology as whole in the long run.

4.4. Limitations and caveats

The research was not designed to capture speculations and expectations of the SLE in all the fields of research in astro-
biology against the backdrop of all the news stories that were run about these subjects (e.g., exoplanets). The search
was already designed to capture stories that contained mentions of the SLE or related topics (biosignatures, habitable
zone, etc.). It is not an evaluation of the number of stories with some mention of the SLE against the backdrop of stories
covering the same areas of research but without mentioning the SLE, the possibility of life, habitability and so on. To get
over this limitation, it would be necessary to get all the news stories that were related to a particular subject (e.g., exoplan-
ets, extremophiles) and quantify the stories that were framed as part of SLE against the backdrop of stories that weren’t.
Future studies should look into that.

The occurrence of speculations and expectations are not measured against the backdrop of all news stories related to
astrobiology/SLE. It is only a comparative measure of the occurrence of speculations and expectations between papers,
press releases and news stories that are related to a study and mention/allude to astrobiology and/or the search for life
elsewhere. It is not a measure of how frequent are speculations in news stories about astrobiology in general (that would
entail a different corpus, including stories that are not specifically related to a study). Further studies should focus on when
there are skeptical evaluations or counter-speculations from the journalist, the same scientist or an outside expert.

This study analyzed documents in three languages, including articles published by selected newspapers in five coun-
tries. That’s probably not representative of the whole world. Future studies should complement these results by looking
into articles published in more languages by different newspapers from other countries. Also, since our focus was on
legacy media, further studies should look into other media (blogs, social media and video platforms), which might present
a different picture of the communication of astrobiology.

The coding framework has a limited ability to capture latent speculations, promises and expectations. Our chosen
quantitative approach focuses on capturing explicit content, making implicit, more suggestive expressions of speculative
and promising character intrinsically harder to isolate and pinpoint in the corpus. Future studies on the subject may use
a qualitative approach to complement these results by capturing and characterizing latent speculations, promises and
expectations in the same corpus here analyzed.

Potential influence of different funding agencies and scientific institutions in the communication of the SLE is a relevant
topic not contemplated by our research design. We're looking to develop it in a future research project by adapting our
framework to specifically identify instances of hype (unwarranted promotion of research) and spin, while also specifying a
funding/institutional category and expanding the corpus.

While our results show that papers in general feature less speculative content compared to press releases and news
articles, this does not warrant the inference that scientific authors or authors with a scientific background tend to be less
speculative. Our study does not show that scientific authors tend to be less speculative, but that scientific articles are less
speculative than press releases and news articles. We did not focus on the production process, but on the resulting texts.
A relevant topic for future research is whether the scientific background (or lack thereof) of writers of press releases and
news articles influences the article’s tone and character.
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5. Conclusion

This study reveals the complex landscape of the communication of astrobiology, highlighting the prevalence of specula-
tions and promises/expectations in disseminating research findings. It underscores the role of news articles and press
releases in shaping public perceptions of the SLE, often amplifying speculative content compared to academic papers.
Although papers were, by a substantial margin, the type with least occurrence of speculations and promises/expectations,
they still presented considerable speculative content in the conditions and existence categories. These were the most
frequent speculations overall across all documents, highlighting how ample still is the current space for speculations in
astrobiology’s most elementary questions. Our results also point to news articles and press releases circulating in the
public sphere the perception that the field is making progress towards finding answers and that technological development
is going to provide clues or evidence for that. Coupled with room for speculative content, the optimism with advances in
the near future of the SLE can boost public enthusiasm and influence funding decisions while drawing little attention to the
current theoretical and empirical limitations of the field.

The potential for habitability and existence of life beyond the Solar System drives heightened promises and expecta-
tions in the communication of exoplanet research, which is also one of the coded subareas most susceptible to specula-
tions. This study underscores the need for responsible communication practices that acknowledge the speculative
dimension of astrobiology and balance optimistic views with realistic ones — this is especially important in communication
of exoplanet research with regards to the prospects of confirming a possible biosignature detection. While public excite-
ment and research funding are crucial for the development of the field, they should not be fostered through overly specu-
lative and overpromising content. A key challenge is balancing the speculative nature of the field with informed
decision-making and public understanding. This involves presenting research findings with appropriate caveats and
clearly distinguishing between confirmed results and speculative interpretations.

Providing adequate context and accurate portrayals of research findings is essential. This includes explaining what is
currently known and unknown about life (on Earth and elsewhere), the limitations of detection methods, the challenges
of interpreting atmospheric data, and the uncertainties surrounding the concept of habitability. Scientists, science com-
municators and science journalists play a crucial role in ensuring this kind of responsible communication. They should be
mindful of the potential impact of their words and strive to present a realistic view of the field, avoiding unwarranted hype
or sensationalism.

By addressing these implications, the communication of astrobiology can be improved, fostering a more informed and
engaged public while maintaining scientific integrity and credibility.

Supporting information

S1 Appendix. Corpus — Final Sets. Complete list of academic papers, press releases and news articles organized
in sets.
(XLSX)

S2 Appendix. Codebook. Comparative framework (paper, press release, news article): The portrayal of the search
for life elsewhere in the media: speculations and expectations.
(DOCX)

S3 Appendix. Full intercoder reliability results.
(DOCX)

S4 Data Set. Full data set spreadsheet. The data set that supports the findings of this study containing the full
coding spreadsheet, including the original complete annotated version and its guiding description, is openly
available in Zenodo at: https://doi.org/10.5281/zenodo.15780329.

(CSV)

PLOS One | https://doi.org/10.137 1/journal.pone.0328766  July 29, 2025 22/28



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328766.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328766.s002
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328766.s003
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328766.s004
https://doi.org/10.5281/zenodo.15780329

PLO\Sﬁ\\.- One

S5 Fig. Timeline of the contextualizing high profile claims in the search for life elsewhere with relevant events in
astrobiology, including institutionalization and space exploration missions.
(TIF)

Acknowledgments

The authors would like to thank the Lorentz Center staff for helping organize the Lorentz Center Workshop “Breaking
News: We found extraterrestrial life”, which took place on 2—6 September 2024. We also thank all of the participants of the
workshop for insights and feedback on partial results of this research presented during the event. We thank the research-
ers from the Earth-Life Science Institute in Tokyo for the feedback on partial results presentation during the visit of the
corresponding author at the institution in May 2024. Vanessa Lourengo de Souza (masters student of the Science Com-
munication masters program of the Campinas State University, Brazil) participated as the second coder for the Portu-
guese and Spanish corpora. Sanne Willems (assistant professor of Methodology & Statistics of the Institute of Psychology
of the Leiden University, the Netherlands) greatly helped conceptualize data visualizations. Fabien Bijsterbosch (statisti-
cian, MSc in Statistics from Leiden University, the Netherlands) provided support in generating data visualizations.

Author contributions

Conceptualization: Danilo Albergaria, Pedro Russo, lonica Smeets, Thilina Heenatigala.
Data curation: Danilo Albergaria.

Formal analysis: Danilo Albergaria.

Funding acquisition: Pedro Russo, lonica Smeets.

Investigation: Danilo Albergaria.

Methodology: Danilo Albergaria, Pedro Russo, lonica Smeets, Thilina Heenatigala, Dallyce Vetter.
Project administration: Pedro Russo.

Supervision: Pedro Russo, lonica Smeets, Thilina Heenatigala.

Validation: Danilo Albergaria, Dallyce Vetter.

Visualization: Danilo Albergaria.

Writing — original draft: Danilo Albergaria.

Writing — review & editing: Pedro Russo, lonica Smeets, Thilina Heenatigala, Dallyce Vetter.

References

1. Blumberg BS. Astrobiology, space and the future age of discovery. Philos Trans A Math Phys Eng Sci. 2011;369(1936):508-15. https://doi.
org/10.1098/rsta.2010.0239 PMID: 21220277

2. Persson E. Astrobiology as Science. In: Gargaud M, Irvine WM, Amils R, Cleaves HJ, Pinti D, Cernicharo Quintanilla J, et al., edi-
tors. Encyclopedia of Astrobiology [Internet]. Berlin, Heidelberg: Springer Berlin Heidelberg; 2021. p. 1-3. Available from: https://doi.
org/10.1007/978-3-642-27833-4_5357-1

3. Schaible MJ, Szeinbaum N, Bozdag GO, Chou L, Grefenstette N, Colén-Santos S, et al. Chapter 1: The astrobiology primer 3.0. Astrobiology.
2024;24(S1):S-4.

4. Dick SJ. Astrobiology, Discovery, and Societal Impact. Cambridge University Press; 2018. p. 395.

5. Dick SJ. Astrobiology and Society: An Overview. In: Smith KC, Mariscal C, editors. Social and Conceptual Issues in Astrobiology. Oxford University
Press; 2020 [cited 2024 Dec 11]. Available from: https://doi.org/10.1093/0s0/9780190915650.003.0002

6. Jakosky BM. Science, society, and the search for life in the universe. Tucson: University of Arizona Press; 2006. p. 150.

Crawford IA. Widening perspectives: the intellectual and social benefits of astrobiology (regardless of whether extraterrestrial life is discovered or
not). Int J Astrobiol. 2018;17(1):57—-60.

PLOS One | https://doi.org/10.1371/journal.pone.0328766  July 29, 2025 23/28



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0328766.s005
https://doi.org/10.1098/rsta.2010.0239
https://doi.org/10.1098/rsta.2010.0239
http://www.ncbi.nlm.nih.gov/pubmed/21220277
https://doi.org/10.1007/978-3-642-27833-4_5357-1
https://doi.org/10.1007/978-3-642-27833-4_5357-1
https://doi.org/10.1093/oso/9780190915650.003.0002

PLO\S\% One

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Harrison AA, Connell K. Workshop on the Societal Implications of Astrobiology. NASA Technical Memorandum; 2001.

Signs of Life: A Report Based on the April 2000 Workshop on Life Detection Techniques [Internet]. Washington, D.C.: National Academies Press;
2002 [cited 2025 Jun 25]. Available from: http://www.nap.edu/catalog/10265

Schwartz JSJ. Myth-Free Space Advocacy Part [V: The Myth of Public Support for Astrobiology. In: Smith KC, Mariscal C, editors. Social
and Conceptual Issues in Astrobiology. Oxford University Press; 2020 [cited 2024 Dec 11]. Available from: https://doi.org/10.1093/
0s0/9780190915650.003.0015

Reinecke D, Bimm J. The maintenance of ambiguity in Martian exobiology. Soc Stud Sci. 2022;52(2):199-226.

National Research Council (US) Committee on the Origins and Evolution of Life. Life in the Universe: An Assessment of U.S. and International
Programs in Astrobiology [Internet]. Washington (DC): National Academies Press (US); 2003 [cited 2025 Jun 25]. Available from: http://www.ncbi.
nim.nih.gov/books/NBK220844/

European citizens’ knowledge and attitudes towards science and technology - February 2025—Eurobarometer survey [Internet]. [cited 2025 Jul 4].
Available from: https://europa.eu/eurobarometer/surveys/detail/3227

Kennedy AT and B. Public Trust in Scientists and Views on Their Role in Policymaking [Internet]. Pew Research Center. 2024 [cited 2025 Jul 4].
Available from: https://www.pewresearch.org/science/2024/11/14/public-trust-in-scientists-and-views-on-their-role-in-policymaking/

FAPESP. AGENCIA FAPESP. [cited 2025 Jul 4]. Public knowledge of science in Latin America remains dramatically limited. Available from: https:/
agencia.fapesp.br/public-knowledge-of-science-in-latin-america-remains-dramatically-limited/2105816

Mufioz A, Moreno C, Lujan JL. Who is willing to pay for science? On the relationship between public perception of science and the attitude to public
funding of science. Public Underst Sci. 2012;21(2):242-53. https://doi.org/10.1177/0963662510373813 PMID: 22586848

Harris HE, Russo P. The influence of social movements on space astronomy policy: The cases of “Hubble Huggers”, JWST’s “Science Warriors”
and the ISEE-3 “Reboot Team.”. Space Policy. 2015;31:1-4.

Caballe A, Bardelli M. Building Blocks of Virtuous Science Communication: Grant Funding, Policy Making, and Public Engagement. DNA Cell Biol.
2022;41(1):6-10. https://doi.org/10.1089/dna.2021.0523 PMID: 34941455

McKay DS, Gibson EK, Thomas-Keprta KL, Vali H, Romanek CS, Clemett SJ, et al. Search for past life on Mars: possible relic biogenic activity in
Martian meteorite ALH84001. Science. 1996;273(5277):924-30.

Life on Mars [Internet]. C-SPAN.org. 1996 [cited 2024 Dec 11]. Available from: https://www.c-span.org/video/?74189-1/life-mars
Kiernan V. The Mars meteorite: A case study in controls on dissemination of science news. Public Underst Sci. 2000;9(1):15-41.

Golden DC, Ming DW, Schwandt CS, Lauer HV, Socki RA, Morris RV, et al. Letter. A simple inorganic process for formation of carbonates, magne-
tite, and sulfides in martian meteorite ALH84001. 2001;86(3):370-5.

Wolfe-Simon F, Switzer Blum J, Kulp TR, Gordon GW, Hoeft SE, Pett-Ridge J, et al. A bacterium that can grow by using arsenic instead of phos-
phorus. Science. 2011;332(6034):1163—6. https://doi.org/10.1126/science.1197258 PMID: 21127214

NASA. NASA-Funded Research Discovers Life Built With Toxic Chemical [Internet]. Nasa.gov; 2025 [cited 2025 Jun 25]. Available from: https://
www3.nasa.gov/home/hgnews/2010/dec/HQ_10-320_Toxic_Life.html

Overbye D. Arsenic-Eating Bacteria Force New Thinking on What Constitutes Life. The New York Times [Internet]. 2010 Dec 2; Available from:
https://www.nytimes.com/2010/12/03/science/03arsenic.html

Jha A. Nasa reveals bacteria that can live on arsenic instead of phosphorus [Internet]. The Guardian; 2010 [cited 2022 Oct 15]. Available from:
https://www.theguardian.com/science/2010/dec/02/nasa-bacteria-arsenic-phosphorus

Righetti S, Miranda G. Folha de S.Paulo - Nasa anuncia nova bactéria com DNA “extraterrestre” - 03/12/2010 [Internet]. Uol.com.br. 2025 [cited
2025 Jul 3]. Available from: https://www1.folha.uol.com.br/fsp/ciencia/fe0312201002.htm

Rivera A. Una bacteria adaptada al arsénico ensancha los margenes de la vida [Internet]. El Pais; 2010 [cited 2025 Jul 3]. Available from: https://
elpais.com/diario/2010/12/03/sociedad/1291330803_850215.html

Hayden E. Study challenges existence of arsenic-based life. Nature [Internet]. 2012 Jan 20 [cited 2025 Jun 26]; Available from: https://www.nature.
com/articles/nature.2012.9861

Greaves JS, Richards AMS, Bains W, Rimmer PB, Sagawa H, Clements DL, et al. Phosphine gas in the cloud decks of Venus. Nature Astronomy.
2021;5(7):655-64. https://doi.org/10.1038/s41550-021-01324-6

Stirone S, Chang K, Overbye D. Life on Venus? Astronomers See a Signal in Its Clouds. The New York Times [Internet]; 2020 Sep 14; Available
from: https://www.nytimes.com/2020/09/14/science/venus-life-clouds.html

Sample I. Scientists find gas linked to life in atmosphere of Venus. The Guardian [Internet]; 2020 Sep 14; Available from: https://www.theguardian.
com/science/2020/sep/14/scientists-find-gas-linked-to-life-in-atmosphere-of-venus

Ker J. Gas descoberto em Vénus indica chance de vida de micrébios no planeta, mostra novo estudo. Estadéo; 2020 [cited 2025 Jun 27]. Avail-
able from: https://www.estadao.com.br/ciencia/cientistas-identificam-gas-que-indica-possibilidade-de-vida-na-atmosfera-de-venus/

Righetti S. Molécula detectada em Vénus pode indicar vida microbiana extraterrestre [Internet]. Folha de S.Paulo. folha.uol.com.br; 2020 [cited
2025 Jun 27]. Available from: https://www1.folha.uol.com.br/ciencia/2020/09/molecula-detectada-em-venus-pode-indicar-vida-microbiana-extrater-
restre.shtml

PLOS One | https://doi.org/10.1371/journal.pone.0328766  July 29, 2025 24128



http://www.nap.edu/catalog/10265
https://doi.org/10.1093/oso/9780190915650.003.0015
https://doi.org/10.1093/oso/9780190915650.003.0015
http://www.ncbi.nlm.nih.gov/books/NBK220844/
http://www.ncbi.nlm.nih.gov/books/NBK220844/
https://europa.eu/eurobarometer/surveys/detail/3227
https://www.pewresearch.org/science/2024/11/14/public-trust-in-scientists-and-views-on-their-role-in-policymaking/
https://agencia.fapesp.br/public-knowledge-of-science-in-latin-america-remains-dramatically-limited/2105816
https://agencia.fapesp.br/public-knowledge-of-science-in-latin-america-remains-dramatically-limited/2105816
https://doi.org/10.1177/0963662510373813
http://www.ncbi.nlm.nih.gov/pubmed/22586848
https://doi.org/10.1089/dna.2021.0523
http://www.ncbi.nlm.nih.gov/pubmed/34941455
https://www.c-span.org/video/?74189-1/life-mars
https://doi.org/10.1126/science.1197258
http://www.ncbi.nlm.nih.gov/pubmed/21127214
https://www3.nasa.gov/home/hqnews/2010/dec/HQ_10-320_Toxic_Life.html
https://www3.nasa.gov/home/hqnews/2010/dec/HQ_10-320_Toxic_Life.html
https://www.nytimes.com/2010/12/03/science/03arsenic.html
https://www.theguardian.com/science/2010/dec/02/nasa-bacteria-arsenic-phosphorus
https://www1.folha.uol.com.br/fsp/ciencia/fe0312201002.htm
https://elpais.com/diario/2010/12/03/sociedad/1291330803_850215.html
https://elpais.com/diario/2010/12/03/sociedad/1291330803_850215.html
https://www.nature.com/articles/nature.2012.9861
https://www.nature.com/articles/nature.2012.9861
https://doi.org/10.1038/s41550-021-01324-6
https://www.nytimes.com/2020/09/14/science/venus-life-clouds.html
https://www.theguardian.com/science/2020/sep/14/scientists-find-gas-linked-to-life-in-atmosphere-of-venus
https://www.theguardian.com/science/2020/sep/14/scientists-find-gas-linked-to-life-in-atmosphere-of-venus
https://www.estadao.com.br/ciencia/cientistas-identificam-gas-que-indica-possibilidade-de-vida-na-atmosfera-de-venus/
https://www1.folha.uol.com.br/ciencia/2020/09/molecula-detectada-em-venus-pode-indicar-vida-microbiana-extraterrestre.shtml
https://www1.folha.uol.com.br/ciencia/2020/09/molecula-detectada-em-venus-pode-indicar-vida-microbiana-extraterrestre.shtml

PLO\S\% One

35.

36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Serafim TS. Descoberto possivel marcador de vida em Vénus [Internet]. PUBLICO. Publico; 2016 [cited 2025 Jun 27]. Available from: https://www.
publico.pt/2020/09/14/ciencia/noticia/descoberto-possivel-marcador-vida-venus-1931468

Dominguez N. Hallados posibles indicios de vida en Venus [Internet]. El Pais; 2020 [cited 2025 Jun 27]. Available from: https://elpais.com/cien-
cia/2020-09-14/hallados-posibles-indicios-de-vida-en-venus.html

Snellen IAG, Guzman-Ramirez L, Hogerheijde MR, Hygate APS, van der Tak FFS. Re-analysis of the 267 GHz ALMA observations of Venus. A&A.
2020;644:L2. https://doi.org/10.1051/0004-6361/202039717

Cordiner MA, Villanueva GL, Wiesemeyer H, Milam SN, de Pater I, Moullet A, et al. Phosphine in the Venusian atmosphere: a strict upper limit from
SOFIA GREAT observations. Geophys Res Lett. 2022;49(22):e2022GL101055. https://doi.org/10.1029/2022GL101055

Greaves JS, Petkowski JJ, Richards AMS, Sousa-Silva C, Seager S, Clements DL. Comment on “Phosphine in the Venusian Atmosphere: A Strict
Upper Limit From SOFIA GREAT Observations” by Cordiner et al. Geophys Res Lett. 2023;50(23):e2023GL103539.

Clements DL. Venus, phosphine and the possibility of life. Contemporary Phys. 2022;63(3):180-99.

Madhusudhan N, Sarkar S, Constantinou S, Holmberg M, Piette AAA, Moses JI. Carbon-bearing Molecules in a Possible Hycean Atmosphere.
Astrophys J Lett. 2023;956(1):L13. https://doi.org/10.3847/2041-8213/acf577

Ghosh P. Tantalising sign of possible life on faraway world. BBC News [Internet]; 2023 Sep 12. Available from: https://www.bbc.com/news/
science-environment-66786611

Ghosh P. There’s new tantalising evidence of life on a world 120 light years from Earth. The researchers told me that they were shaking with
excitement when they analysed their results. https://x.com/BBCPallab/status/1701582777097896068. 2023 September 12 [cited December 2024]
[Tweet]. Available from: https://x.com/BBCPallab

Redagéo. Cientistas podem ter encontrado sinal de vida em planeta fora do Sistema Solar? Estadao; 2023 [cited 2025 Jun 27]. Available from:
https://www.estadao.com.br/ciencia/cientistas-podem-ter-encontrado-sinal-de-vida-em-planeta-fora-do-sistema-solar/

Ramalho T. Um oceano e uma molécula imprevista ddo pistas sobre a vida fora do planeta Terra [Internet]. PUBLICO. Publico; 2016 [cited 2025
Jun 27]. Available from: https://www.publico.pt/2023/09/12/ciencia/noticia/oceano-molecula-imprevista-dao-pistas-vida-planeta-terra-2063109

Luscombe R. Nasa says distant exoplanet could have rare water ocean and possible hint of life. The Guardian [Internet]. 2023 Sep 11. Available
from: https://www.theguardian.com/science/2023/sep/11/nasa-planet-ocean-life-james-webb-telescope

Ghosh P. Alien life in Universe: Scientists say finding it is “only a matter of time.” BBC News [Internet]; 2023 Sep 29. Available from: https://www.
bbc.com/news/science-environment-66950930

Calamur K. “Definite Evidence” Of Alien Life Within 20-30 Years, NASA Chief Scientist Says [Internet]. NPR; 2015 [cited 2024 Dec 11]. Available
from: https://www.npr.org/sections/thetwo-way/2015/04/08/398322381/definite-evidence-of-alien-life-within-20-30-years-nasa-chief-scientist-says

O’Connell CD. Why the idea of alien life now seems inevitable and possibly imminent [Internet]. The Conversation; 2019 [cited 2024 Dec 11]. Avail-
able from: https://theconversation.com/why-the-idea-of-alien-life-now-seems-inevitable-and-possibly-imminent-115643

The Economist. The search for ET hots up. The Economist; 2021 [cited 2024 Dec 11]. Available from: https://www.economist.com/
briefing/2021/02/13/the-search-for-et-hots-up

Meadows V, Graham H, Abrahamsson V, Adam Z, Amador-French E, Arney G, et al. Community Report from the Biosignatures Standards of Evi-
dence Workshop [Internet]. arXiv; 2022 [cited 2025 Jun 25]. Available from: http://arxiv.org/abs/2210.14293

Independent Review of the Community Report from the Biosignature Standards of Evidence Workshop: Report Series—Committee on Astrobiology
and Planetary Sciences “at NAP.edu [Internet]. [cited 2025 Jun 25]. Available from: https://nap.nationalacademies.org/read/26621/chapter/4

Green J, Hoehler T, Neveu M, Domagal-Goldman S, Scalice D, Voytek M. Call for a framework for reporting evidence for life beyond Earth. Nature.
2021;598(7882):575-9. https://doi.org/10.1038/s41586-021-03804-9 PMID: 34707302

Vickers P, Cowie C, Dick SJ, Gillen C, Jeancolas C, Rothschild LJ, et al. Confidence of Life Detection: The Problem of Unconceived Alternatives.
Astrobiology. 2023;23(11):1202—12. https://doi.org/10.1089/ast.2022.0084 PMID: 37506351

Green J, Hoehler T, Neveu M, Domagal-Goldman S, Scalice D, Voytek M. Moving toward a framework for communicating the confidence of life
detection. Nat Astron. 2024;8(1):2-3.

Lenardic A, Seales J, Moore WB, Jellinek AM. Communicating astrobiology in words not numbers and with facts not fiction. Nat Astron.
2023;7(9):1009.

Schulze-Makuch D. Smithsonian Magazine. [cited 2025 Jun 25]. How To Announce the Discovery of Extrater-
restrial Life (and Be Taken Seriously). Available from: https://www.smithsonianmag.com/air-space-magazine/
how-announce-discovery-extraterrestrial-life-and-be-taken-seriously-180979360/

Mace M, Schwalbe CB. From robots to humans: Newspaper coverage of Mars in the United States and the United Kingdom 2011-2016. Journal
Stud. 2020;21(13):1913-32.

Schwarz A, Seidl E. Stories of astrobiology, SETI, and UAPs: science and the search for extraterrestrial life in German news media from 2009 to
2022. Sci Commun. 2023;45(6):788-823.

Schafer MS. How changing media structures are affecting science news coverage. In: Jamieson KH, Kahan DM, Scheufele DA, editors. The
Oxford Handbook of the Science of Science.

PLOS One | https://doi.org/10.1371/journal.pone.0328766  July 29, 2025 25/28



https://www.publico.pt/2020/09/14/ciencia/noticia/descoberto-possivel-marcador-vida-venus-1931468
https://www.publico.pt/2020/09/14/ciencia/noticia/descoberto-possivel-marcador-vida-venus-1931468
https://elpais.com/ciencia/2020-09-14/hallados-posibles-indicios-de-vida-en-venus.html
https://elpais.com/ciencia/2020-09-14/hallados-posibles-indicios-de-vida-en-venus.html
https://doi.org/10.1051/0004-6361/202039717
https://doi.org/10.1029/2022GL101055
https://doi.org/10.3847/2041-8213/acf577
https://www.bbc.com/news/science-environment-66786611
https://www.bbc.com/news/science-environment-66786611
https://x.com/BBCPallab/status/1701582777097896068
https://x.com/BBCPallab
https://www.estadao.com.br/ciencia/cientistas-podem-ter-encontrado-sinal-de-vida-em-planeta-fora-do-sistema-solar/
https://www.publico.pt/2023/09/12/ciencia/noticia/oceano-molecula-imprevista-dao-pistas-vida-planeta-terra-2063109
https://www.theguardian.com/science/2023/sep/11/nasa-planet-ocean-life-james-webb-telescope
https://www.bbc.com/news/science-environment-66950930
https://www.bbc.com/news/science-environment-66950930
https://www.npr.org/sections/thetwo-way/2015/04/08/398322381/definite-evidence-of-alien-life-within-20-30-years-nasa-chief-scientist-says
https://theconversation.com/why-the-idea-of-alien-life-now-seems-inevitable-and-possibly-imminent-115643
https://www.economist.com/briefing/2021/02/13/the-search-for-et-hots-up
https://www.economist.com/briefing/2021/02/13/the-search-for-et-hots-up
http://arxiv.org/abs/2210.14293
https://nap.nationalacademies.org/read/26621/chapter/4
https://doi.org/10.1038/s41586-021-03804-9
http://www.ncbi.nlm.nih.gov/pubmed/34707302
https://doi.org/10.1089/ast.2022.0084
http://www.ncbi.nlm.nih.gov/pubmed/37506351
https://www.smithsonianmag.com/air-space-magazine/how-announce-discovery-extraterrestrial-life-and-be-taken-seriously-180979360/
https://www.smithsonianmag.com/air-space-magazine/how-announce-discovery-extraterrestrial-life-and-be-taken-seriously-180979360/

PLO\S\%- One

61. Digital News Report 2025 | Reuters Institute for the Study of Journalism [Internet]. [cited 2025 Jun 26]. Available from: https://reutersinstitute.poli-
tics.ox.ac.uk/digital-news-report/2025

62. Fotopoulos S. Traditional media versus new media: Between trust and use. European View. 2023;22(2):277-86. https://doi.
org/10.1177/17816858231204738

63. PODERS360. Com assinatura barata, jornais turbinam digital em 2023 [Internet]. Poder360; 2024 [cited 2024 Dec 11]. Available from: https://www.
poder360.com.br/midia/com-assinatura-barata-jornais-turbinam-digital-em-2023/

64. PUBLICO. PUBLICO foi o Gnico jornal generalista a crescer na circulagao total paga em 2023 [Internet]. PUBLICO; 2024. Available from: https://
www.publico.pt/2024/03/01/sociedade/noticia/publico-unico-jornal-generalista-crescer-circulacao-total-paga-2023-2082152

65. El Pais lidera la audiencia digital de medios, segun el ultimo EGM - Laboratorio de Periodismo Luca de Tena [Inter-
net]. Laboratorio de Periodismo Luca de Tena; 2024 [cited 2024 Dec 11]. Available from: https://laboratoriodeperiodismo.org/
el-pais-lidera-la-audiencia-digital-de-medios-segun-el-ultimo-egm/

66. Nexis Uni | Academic Research Tool for Universities & Libraries [Internet]. www.lexisnexis.com. Available from: https://www.lexisnexis.com/en-us/
professional/academic/nexis-uni.page

67. EurekAlert! Science News Releases [Internet]. Eurekalert.org; 2019. Available from: https://www.eurekalert.org/

68. ScienceDaily: Your source for the latest research news [Internet]. ScienceDaily; 2018. Available from: https://www.sciencedaily.com/

69. Speculation. In: Cambridge dictionary. [cited July 2024]. Available from: https://dictionary.cambridge.org/dictionary/english/speculation

70. Promise. In: Cambridge dictionary. [cited July 2024]. Available from: https://dictionary.cambridge.org/dictionary/english/promise

71. Mulberger A, Navarro J. The promises of science. Historical perspectives. Centaurus. 2017;59(3):167—-72.

72. Cafo A. Hallado el primer indicio de vida extraterrestre. El Pais; 1996 [cited 2024 Dec 12]. Available from: https://elpais.com/diario/1996/08/08/
sociedad/839455210_850215.html

73. Wilford JN. Replying to Skeptics, NASA Defends Claims About Mars. The New York Times; 1996 Aug 8; Available from: https://www.nytimes.
com/1996/08/08/us/replying-to-skeptics-nasa-defends-claims-about-mars.html

74. Rocks on Mars may provide link to evidence of living organisms roughly 4 billion years ago [Internet]. ScienceDaily; 2024 [cited 2024 Dec 12].
Available from: https://www.sciencedaily.com/releases/2010/07/100729203027.htm

75. Chang K. 7 Earth-Size Planets Orbit Dwarf Star, NASA and European Astronomers Say. The New York Times; 2017 Feb 22 [cited 2023 Dec 20];
Available from: https://www.nytimes.com/2017/02/22/science/trappist-1-exoplanets-nasa.html

76. Sample |. Ground-based telescopes join the search for extraterrestrial life. The Guardian; 2010 Feb 3 [cited 2024 Dec 12]. Available from: https://
www.theguardian.com/science/2010/feb/03/ground-based-telescopes-extraterrestrial-life

77. Brait E. Is Kepler 452b humanity’s best chance to find alien life? The Guardian; 2015 Jul 23 [cited 2024 Dec 11]. Available from: https://www.
theguardian.com/science/2015/jul/23/kepler-452b-alien-life-search

78. New class of habitable exoplanets “a big step forward” in search for life [Internet]. University of Cambridge; 2021. Available from: https://www.cam.
ac.uk/research/news/new-class-of-habitable-exoplanets-a-big-step-forward-in-search-for-life

79. European Southern Observatory. New ESO observations show rocky exoplanet has just half the mass of Venus [Internet]. www.eso.org. 2024
[cited 2024 Dec 12]. Available from: https://www.eso.org/public/news/eso2112/?lang

80. European Southern Observatory. Three Potentially Habitable Worlds Found Around Nearby Ultracool Dwarf Star - Currently the best place to
search for life beyond the Solar System [Internet]. www.eso.org. Available from: https://www.eso.org/public/news/eso1615/

81. Sample |. Mars: huge underground lake raises prospects of life on planet, astronomers say. The Guardian; 2018 [cited 2024 Dec 12]. Available
from: https://www.theguardian.com/science/2018/jul/25/huge-underground-lake-discovered-on-mars-say-astronomers

82. Chang K, Overbye D. A Large Body of Water on Mars Is Detected, Raising the Potential for Alien Life. The New York Times; 2018 Jul 25 [cited
2024 Dec 12]; Available from: https://www.nytimes.com/2018/07/25/science/mars-liquid-alien-life.html

83. Evidence Is Cited For Life on Mars, But Some Demur. The New York Times; 2001 Feb 27 [cited 2024 Dec 12]; Available from: https://www.nytimes.
com/2001/02/27/us/evidence-is-cited-for-life-on-mars-but-some-demur.html

84. Radford T. New evidence of life on Mars. The Guardian; 2001 [cited 2024 Dec 12]. Available from: https://www.theguardian.com/science/2001/
feb/27/spaceexploration.internationalnews

85. SwRl scientists discover evidence for a habitable region within Saturn’s moon Enceladus [Internet]. Southwest Research Institute; 2017 [cited 2024
Dec 12]. Available from: https://www.swri.org/press-release/swri-scientists-discover-evidence-habitable-region-within-saturns-moon-enceladus

86. Yuhas A. Small Saturn moon has most of conditions needed to sustain life, Nasa says. The Guardian; 2017 [cited 2024 Dec 12]. Available from:
https://www.theguardian.com/science/2017/apr/13/alien-life-saturn-moon-enceladus-nasa

87. Devlin H. Cassini spacecraft finds possibility of alien life, then runs out of fuel. The Guardian; 2017 Apr 26 [cited 2024 Dec 12]; Available from:
https://www.theguardian.com/science/2017/apr/14/spacecraft-discovers-possibility-of-alien-life-then-runs-out-of-fuel

88. David N. “Mini-Neptunes” beyond solar system may soon yield signs of life. The Guardian; 2021 [cited 2024 Dec 12]. Available from: https://www.
theguardian.com/science/2021/aug/26/mini-neptune-beyond-solar-system-may-soon-yield-sign-life-hycean-exoplanet-cambridge-astronomer

PLOS One | https://doi.org/10.1371/journal.pone.0328766  July 29, 2025 26/28



https://reutersinstitute.politics.ox.ac.uk/digital-news-report/2025
https://reutersinstitute.politics.ox.ac.uk/digital-news-report/2025
https://doi.org/10.1177/17816858231204738
https://doi.org/10.1177/17816858231204738
https://www.poder360.com.br/midia/com-assinatura-barata-jornais-turbinam-digital-em-2023/
https://www.poder360.com.br/midia/com-assinatura-barata-jornais-turbinam-digital-em-2023/
https://www.publico.pt/2024/03/01/sociedade/noticia/publico-unico-jornal-generalista-crescer-circulacao-total-paga-2023-2082152
https://www.publico.pt/2024/03/01/sociedade/noticia/publico-unico-jornal-generalista-crescer-circulacao-total-paga-2023-2082152
https://laboratoriodeperiodismo.org/el-pais-lidera-la-audiencia-digital-de-medios-segun-el-ultimo-egm/
https://laboratoriodeperiodismo.org/el-pais-lidera-la-audiencia-digital-de-medios-segun-el-ultimo-egm/
https://www.lexisnexis.com/en-us/professional/academic/nexis-uni.page
https://www.lexisnexis.com/en-us/professional/academic/nexis-uni.page
https://www.eurekalert.org/
https://www.sciencedaily.com/
https://dictionary.cambridge.org/dictionary/english/speculation
https://dictionary.cambridge.org/dictionary/english/promise
https://elpais.com/diario/1996/08/08/sociedad/839455210_850215.html
https://elpais.com/diario/1996/08/08/sociedad/839455210_850215.html
https://www.nytimes.com/1996/08/08/us/replying-to-skeptics-nasa-defends-claims-about-mars.html
https://www.nytimes.com/1996/08/08/us/replying-to-skeptics-nasa-defends-claims-about-mars.html
https://www.sciencedaily.com/releases/2010/07/100729203027.htm
https://www.nytimes.com/2017/02/22/science/trappist-1-exoplanets-nasa.html
https://www.theguardian.com/science/2010/feb/03/ground-based-telescopes-extraterrestrial-life
https://www.theguardian.com/science/2010/feb/03/ground-based-telescopes-extraterrestrial-life
https://www.theguardian.com/science/2015/jul/23/kepler-452b-alien-life-search
https://www.theguardian.com/science/2015/jul/23/kepler-452b-alien-life-search
https://www.cam.ac.uk/research/news/new-class-of-habitable-exoplanets-a-big-step-forward-in-search-for-life
https://www.cam.ac.uk/research/news/new-class-of-habitable-exoplanets-a-big-step-forward-in-search-for-life
https://www.eso.org/public/news/eso2112/?lang
https://www.eso.org/public/news/eso1615/
https://www.theguardian.com/science/2018/jul/25/huge-underground-lake-discovered-on-mars-say-astronomers
https://www.nytimes.com/2018/07/25/science/mars-liquid-alien-life.html
https://www.nytimes.com/2001/02/27/us/evidence-is-cited-for-life-on-mars-but-some-demur.html
https://www.nytimes.com/2001/02/27/us/evidence-is-cited-for-life-on-mars-but-some-demur.html
https://www.theguardian.com/science/2001/feb/27/spaceexploration.internationalnews
https://www.theguardian.com/science/2001/feb/27/spaceexploration.internationalnews
https://www.swri.org/press-release/swri-scientists-discover-evidence-habitable-region-within-saturns-moon-enceladus
https://www.theguardian.com/science/2017/apr/13/alien-life-saturn-moon-enceladus-nasa
https://www.theguardian.com/science/2017/apr/14/spacecraft-discovers-possibility-of-alien-life-then-runs-out-of-fuel
https://www.theguardian.com/science/2021/aug/26/mini-neptune-beyond-solar-system-may-soon-yield-sign-life-hycean-exoplanet-cambridge-astronomer
https://www.theguardian.com/science/2021/aug/26/mini-neptune-beyond-solar-system-may-soon-yield-sign-life-hycean-exoplanet-cambridge-astronomer

PLO\S\% One

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.
112,

113.

114.

Atmosphere detected around an Earth-like planet. Keele University; 2017 [cited 2024 Dec 12]. Available from: https://www.keele.ac.uk/pressre-
leases/2017/atmospheredetectedaroundanearth-likeplanet.php

Sample I. Hot and steamy atmosphere detected on Earth-like planet. The Guardian; 2017 [cited 2024 Dec 12]. Available from: https://www.
theguardian.com/science/2017/apr/06/hot-and-steamy-atmosphere-detected-on-earth-like-planet

Sample |I. Water found on most habitable known world beyond solar system. The Guardian; 2019 Sep 11 [cited 2024 Dec 12]. Available from:
https://www.theguardian.com/science/2019/sep/11/rocky-super-earth-k2-18b-named-most-habitable-known-world-beyond-solar-system

Sample I. Ocean discovered on Enceladus may be best place to look for alien life. The Guardian; 2014 [cited 2024 Dec 12]. Available from:
https://www.theguardian.com/science/2014/apr/03/ocean-enceladus-alien-life-water-saturn-moon

European Southern Observatory (ESO). ESOcast 79: 20 Years of Exoplanets [Internet]. YouTube; 2015 [cited 2024 Dec 12]. Available from:
https://www.youtube.com/watch?v=_xBXIxnlZmg

Steinhauer J. Why Astrobiology Matters to the Humanities [Internet]. Insights: Scholarly Work at the Kluge Center; 2014 [cited 2024 Dec 11].
Available from: https://blogs.loc.gov/kluge/

Dick SJ. Impact! In: Astrobiology, Discovery, and Societal Impact. Cambridge: Cambridge University Press; 2018. p. 207-312. (Cambridge
Astrobiology).

Dick SJ. The biological universe: the twentieth-century extraterrestrial life debate and the limits of science. Cambridge: Cambridge University
Press; 1996.

Borup M, Brown N, Konrad K, Van Lente H. The sociology of expectations in science and technology. Technol Analysis Strategic Manag.
2006;18(3—4):285-98.

Robinson DKR, Audétat M, Joly PB, Van Lente H. Enemies of the future? Questioning the regimes of promising in emerging science and technol-
ogy. Sci Public Policy. 2021;48(6):814—7.

Roberson TM. Can hype be a force for good?: Inviting unexpected engagement with science and technology futures. Public Underst Sci.
2020;29(5):544-52.

Brown N, Michael M. A sociology of expectations: Retrospecting prospects and prospecting retrospects. Technol Analysis Strategic Manag.
2003;15(1):3-18.

Gaillard S, Mody C, Halffman W. Overpromising in science and technology: An evaluative conceptualization. TATuUP. 2023 [cited 2024 Dec.
12];32(3):60-5. Available from: https://www.tatup.de/index.php/tatup/article/view/7084

Geels FW, Smit WA. Failed technology futures: pitfalls and lessons from a historical survey. Futures. 2000;32(9—10):867—-85. https://doi.
org/10.1016/s0016-3287(00)00036-7

Falk D. Why Do So Many Astronomy Discoveries Fail to Live Up to the Hype? [Internet]. Undark Magazine; 2021 [cited 2024 Dec 12]. Available
from: https://undark.org/2021/01/18/astronomy-discoveries-fall-victim-to-hype/

Lenardic A, Seales J, Covington A. Hype, skin in the game, and the stability of cooperative science. Int J Astrobiol. 2022;21(6):484-96. https://doi.
org/10.1017/s1473550422000222

Caulfield T, Condit C. Science and the sources of hype. Public Health Genomics. 2012;15(3-4):209-17. https://doi.org/10.1159/000336533 PMID:
22488464

Weingart P. Is There a Hype Problem in Science? If So, How Is It Addressed? In: Jamieson KH, Kahan DM, Scheufele DA, editors. The Oxford
Handbook of the Science of Science Communication. Oxford University Press; 2017 [cited 2024 Dec 13]. Available from: https://doi.org/10.1093/
oxfordhb/9780190497620.013.12

Vinkers CH, Tijdink JK, Otte WM. Use of positive and negative words in scientific PubMed abstracts between 1974 and 2014: retrospective analy-
sis. BMJ. 2015;351:h6467.

Dempster G, Sutherland G, Keogh L. Scientific research in news media: a case study of misrepresentation, sensationalism and harmful recom-
mendations. J Sci Commun. 2022;21(01):A06. Available from: https://jcom.sissa.it/article/pubid/JCOM_2101_2022_A06/

Vonk AN, Bos M, Smeets |, van Sebille E. A comparative study of frames and narratives identified within scientific press releases on ocean
climate change and ocean plastic. J Sci Commun. 2024 [cited 2024 Jul 18];23(1):A01. Available from: https://jcom.sissa.it/article/pubid/
JCOM_2301_2024_A01

Borchelt RE, Nielsen KH. Public relations in science: Managing the trust portfolio. In: Bucchi M, Trench B, editors, Routledge Handbook of Public
Communication of Science and Technology. 2nd ed. Taylor & Francis; 2014. p. 58—69 https://doi.org/10.4324/9780203483794

Claessens M. Research institutions: neither doing science communication nor promoting “public” relations. J Sci Commun. 2014;13(03):C03.

Barr AC, Dobos V, Kiss LL. Interior structures and tidal heating in the TRAPPIST-1 planets. A&A. 2018;613:A37. https://doi.
org/10.1051/0004-6361/201731992

TRAPPIST-1 System Planets Potentially Habitable [Internet]. Planetary Science Institute; 2018 [cited 2024 Dec 12]. Available from: https://www.
psi.edu/blog/trappist-1-system-planets-potentially-habitable/

Yuhas A. Two planets in unusual star system are very likely habitable, scientists say. The Guardian; 2018 [cited 2024 Dec 12]. Available from:
https://www.theguardian.com/science/2018/jan/23/trappist-1-planets-likely-life-water-earth-like

PLOS One | https://doi.org/10.1371/journal.pone.0328766  July 29, 2025 27128



https://www.keele.ac.uk/pressreleases/2017/atmospheredetectedaroundanearth-likeplanet.php
https://www.keele.ac.uk/pressreleases/2017/atmospheredetectedaroundanearth-likeplanet.php
https://www.theguardian.com/science/2017/apr/06/hot-and-steamy-atmosphere-detected-on-earth-like-planet
https://www.theguardian.com/science/2017/apr/06/hot-and-steamy-atmosphere-detected-on-earth-like-planet
https://www.theguardian.com/science/2019/sep/11/rocky-super-earth-k2-18b-named-most-habitable-known-world-beyond-solar-system
https://www.theguardian.com/science/2014/apr/03/ocean-enceladus-alien-life-water-saturn-moon
https://www.youtube.com/watch?v=_xBXIxnIZmg
https://blogs.loc.gov/kluge/
https://www.tatup.de/index.php/tatup/article/view/7084
https://doi.org/10.1016/s0016-3287(00)00036-7
https://doi.org/10.1016/s0016-3287(00)00036-7
https://undark.org/2021/01/18/astronomy-discoveries-fall-victim-to-hype/
https://doi.org/10.1017/s1473550422000222
https://doi.org/10.1017/s1473550422000222
https://doi.org/10.1159/000336533
http://www.ncbi.nlm.nih.gov/pubmed/22488464
https://doi.org/10.1093/oxfordhb/9780190497620.013.12
https://doi.org/10.1093/oxfordhb/9780190497620.013.12
https://jcom.sissa.it/article/pubid/JCOM_2101_2022_A06/
https://jcom.sissa.it/article/pubid/JCOM_2301_2024_A01
https://jcom.sissa.it/article/pubid/JCOM_2301_2024_A01
https://doi.org/10.4324/9780203483794
https://doi.org/10.1051/0004-6361/201731992
https://doi.org/10.1051/0004-6361/201731992
https://www.psi.edu/blog/trappist-1-system-planets-potentially-habitable/
https://www.psi.edu/blog/trappist-1-system-planets-potentially-habitable/
https://www.theguardian.com/science/2018/jan/23/trappist-1-planets-likely-life-water-earth-like

PLO\S\%- One

115.

116.

117.

118.

119.

120.

121.
122.

123.
124.
125.

126.

127.

European Southern Observatory. Ultracool Dwarf and the Seven Planets - Temperate Earth-sized Worlds Found in Extraordinarily Rich Planetary
System [Internet]. www.eso.org. Available from: https://www.eso.org/public/news/eso1706/

National Aeronautics and Space Administration. NASA Telescope Reveals Largest Batch of Earth-Size,
Habitable-Zone Planets Around Single Star - NASA [Internet]. Available from: https://www.nasa.gov/news-release/
nasa-telescope-reveals-largest-batch-of-earth-size-habitable-zone-planets-around-single-star/

Clark S. Discovery of new exoplanets is a lottery win for astronomers seeking alien life. The Guardian; 2017 Feb 22. Available from: https://www.
theguardian.com/science/across-the-universe/2017/feb/22/discovery-seven-planets-trappist-1-lottery-win-for-astronomers-looking-for-life-beyond-
earth

Sample |. Exoplanet discovery: seven Earth-sized planets found orbiting nearby star. The Guardian; 2017 [cited 2024 Dec 12]. Available from:
https://www.theguardian.com/science/2017/feb/22/thrilling-discovery-of-seven-earth-sized-planets-discovered-orbiting-trappist-1-star

Collins S. Methane and carbon dioxide found in atmosphere of habitable-zone exoplanet. University of Cambridge; 2023. Available from: https://
www.cam.ac.uk/stories/carbon-found-in-habitable-zone-exoplanet

National Aeronautics and Space Administration. Webb Discovers Methane, Carbon Dioxide in Atmosphere of K2-18 b. NASA; 2023. Available
from: https://www.nasa.gov/universe/exoplanets/webb-discovers-methane-carbon-dioxide-in-atmosphere-of-k2-18-b/

Marov MY. Astronomical and cosmochemical aspects of the life origin problem. Astronomy Report. 2023;67(8):764—89.

Torres G, Kipping DM, Fressin F, Caldwell DA, Twicken JD, Ballard S, et al. Validation of Twelve Small Kepler Transiting Planets in the Habitable
Zone. Astrophys J. 2015;800(2):99. Available from: https://iopscience.iop.org/article/10.1088/0004-637X/800/2/99

Vickers P. Expecting the unexpected in the search for extraterrestrial life. Int J Astrobiol. 2020;19(6):482-91.
Petigura EA, Howard AW, Marcy GW. Prevalence of Earth-size planets orbiting Sun-like stars. Proc National Acad Sci. 2013;110(48):19273-8.

Sanders R. Astronomers answer key question: How common are habitable planets? [Internet]. Berkeley News; 2013. Available from: https://news.
berkeley.edu/2013/11/04/astronomers-answer-key-question-how-common-are-habitable-planets/

Overbye D. Far-Off Planets Like the Earth Dot the Galaxy. The New York Times; 2013 Nov 4 [cited 2024 December 12]; Available from: https://
www.nytimes.com/2013/11/05/science/cosmic-census-finds-billions-of-planets-that-could-be-like-earth.html

Jha A. Two billion planets in our galaxy may be suitable for life. The Guardian; 2013 [cited 2024 December 12]. Available from: https://www.
theguardian.com/science/2013/nov/04/planets-galaxy-life-kepler

PLOS One | https://doi.org/10.1371/journal.pone.0328766  July 29, 2025 28/28



https://www.eso.org/public/news/eso1706/
https://www.nasa.gov/news-release/nasa-telescope-reveals-largest-batch-of-earth-size-habitable-zone-planets-around-single-star/
https://www.nasa.gov/news-release/nasa-telescope-reveals-largest-batch-of-earth-size-habitable-zone-planets-around-single-star/
https://www.theguardian.com/science/across-the-universe/2017/feb/22/discovery-seven-planets-trappist-1-lottery-win-for-astronomers-looking-for-life-beyond-earth
https://www.theguardian.com/science/across-the-universe/2017/feb/22/discovery-seven-planets-trappist-1-lottery-win-for-astronomers-looking-for-life-beyond-earth
https://www.theguardian.com/science/across-the-universe/2017/feb/22/discovery-seven-planets-trappist-1-lottery-win-for-astronomers-looking-for-life-beyond-earth
https://www.theguardian.com/science/2017/feb/22/thrilling-discovery-of-seven-earth-sized-planets-discovered-orbiting-trappist-1-star
https://www.cam.ac.uk/stories/carbon-found-in-habitable-zone-exoplanet
https://www.cam.ac.uk/stories/carbon-found-in-habitable-zone-exoplanet
https://www.nasa.gov/universe/exoplanets/webb-discovers-methane-carbon-dioxide-in-atmosphere-of-k2-18-b/
https://iopscience.iop.org/article/10.1088/0004-637X/800/2/99
https://news.berkeley.edu/2013/11/04/astronomers-answer-key-question-how-common-are-habitable-planets/
https://news.berkeley.edu/2013/11/04/astronomers-answer-key-question-how-common-are-habitable-planets/
https://www.nytimes.com/2013/11/05/science/cosmic-census-finds-billions-of-planets-that-could-be-like-earth.html
https://www.nytimes.com/2013/11/05/science/cosmic-census-finds-billions-of-planets-that-could-be-like-earth.html
https://www.theguardian.com/science/2013/nov/04/planets-galaxy-life-kepler
https://www.theguardian.com/science/2013/nov/04/planets-galaxy-life-kepler

