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Abstract

We take up the challenge of developing an international network with capacity to survey the
world’s scientists on an ongoing basis, providing rich datasets regarding the opinions of
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scientists and scientific sub-communities, both at a time and also over time. The novel meth-
odology employed sees local coordinators, at each institution in the network, sending survey
invitation emails internally to scientists at their home institution. The emails link to a ‘10 sec-
ond survey’, where the participant is presented with a single statement to consider, and a
standard five-point Likert scale. In June 2023, a group of 30 philosophers and social scien-
tists invited 20,085 scientists across 30 institutions in 12 countries to participate, gathering
6,807 responses to the statement Science has put it beyond reasonable doubt that COVID-
19 is caused by a virus. The study demonstrates that it is possible to establish a global net-
work to quickly ascertain scientific opinion on a large international scale, with high response
rate, low opt-out rate, and in a way that allows for significant (perhaps indefinite) repeatabil-
ity. Measuring scientific opinion in this new way would be a valuable complement to currently
available approaches, potentially informing policy decisions and public understanding
across diverse fields.

Introduction

Attempts to measure scientific opinion are not uncommon [1-5]. In some cases, we know in
advance that a scientific consensus (probably) exists, but we also know that many people are
unaware of the consensus, or even believe that relevant experts are significantly divided when
they are not [6-8]. In some cases there is value in assessing the strength of agreement, or con-
sensus, on a specific topic. In other cases, there may be value in revealing variations in scien-
tific opinion across geographical regions, across fields of expertise, or across time. Survey
methods are a valuable tool, but as things stand very limited means for scientific agreement
assessments are available. The survey-based approaches found in the literature have one or
more of the following drawbacks: (i) low response rate; (ii) poor international representation;
(iii) slow turnaround time; (iv) little scale-up potential; (v) they are one-oft studies, not easily
allowing for follow-up(s).

We here present a survey-based approach to assessment of scientific community opinion
designed to achieve a high response rate, include a broad and diverse set of scientists, allow for
rapid implementation, be amenable to significant scale-up, and with the potential to be repeat-
able indefinitely.

The motivation for developing a new survey methodology with these virtues certainly isn’t
to replace other methodologies, of which there are many. For example, there is still plenty of
space for Delphi methods [9, 10], literature analysis techniques [1], and more targeted surveys
of a relatively small number of specialists [2, 5]. Each approach has its advantages and disad-
vantages, and the choice of methodology will depend on precisely what one hopes to show. For
example, if one wishes to ascertain scientific opinion regarding a specific and carefully con-
structed statement, a literature-based approach may perform poorly: that exact statement may
not even exist in the literature. At the same time, one may wish to know what scientists think
right now, not across literature spanning several years. In addition, there are options for trian-
gulation: in some cases, it may be possible to demonstrate a strong consensus on a certain
topic, no matter what method one employs. In other cases, it may be revealing to see that a
strong consensus exists according to most scientific opinion assessment methods, but not all.

We argue that our newly developed method constitutes a valuable complement to currently
available methods for ascertaining the degree of scientific agreement both across scientific
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fields and within particular subcommunities of scientists (as appropriate). The method can be
applied to numerous scientific issues, potentially informing policy decisions and public under-
standing across diverse fields, and on a global scale. In particular, we highlight recent interna-
tional expansion of the network, to incorporate ¢.50,000 scientists across 80 institutions. The
method can tease out potential differences of opinion among scientists located in different
regions, thereby allowing for sensitivity to local conditions that might be especially relevant to
policy issues.

For the sake of this proof-of-concept study we chose the following statement, (S):

(S): Science has put it beyond reasonable doubt that COVID-19 is caused by a virus.

Many other statements could have been chosen. For present purposes we merely wish to set
a baseline regarding what scientific consensus looks like on our particular methodology.
Whilst the survey results are not uninteresting, our priority is to develop a novel survey
method with important virtues. The key methodological innovations are:

(i) Each scientist receives a personal, one-to-one survey invitation email from somebody inside
their own institution.

(ii) The survey invitation email, and the survey itself, are both maximally concise.

In June 2023, a group of 30 philosophers and social scientists sent survey invitation emails
to 20,085 scientists across 30 institutions in 12 countries, gathering 6,807 Likert scale
responses. In nearly all cases, survey invitation emails were sent internally, by the local coordi-
nator (or ‘spoke rep’) at each of the 30 participating institutions, targeting academic scientists
at that institution with their email addresses in the public domain. An example of the survey
invitation email is presented in the next section, together with the survey platform itself.
Details of the methodology, and its underlying justification, are also presented in the next sec-
tion. Readers primarily interested in the survey results, and their interpretation, may wish to
skip forward to the ‘Results and discussion’ section.

Method

This study was pre-registered on 2™ September 2022 using the Open Science Framework,
with the title ‘New method of measurement for strength of scientific consensus regarding a
specific statement’; see https://ost.io/dgq4k. However, we departed from the registered plan in
certain ways:

(i) Research software engineers at Durham University, UK, created a bespoke surveying plat-
form (Fig 1). This was a vast improvement on the original vision, as described in the pre-
registration.

(ii) We scaled up to c.20k scientists at 30 institutions. This was done to improve the scale of the
project, making it a more effective test of the methodology, but also because scaling up was
relatively easy with the bespoke surveying platform in place.

(iii) We chose a different survey statement. This was done on the grounds that a more serious
survey, concerning a more controversial and politically sensitive statement, should not be
used until the methodology has been improved following a series of iterations.

Once the project concluded, we also used the Open Science Framework to create a perma-
nent record of our data, code, and figures generated [11].
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Please respond to the following statement:

Science has put it beyond reasonable doubt
that COVID-19 is caused by a virus.

O O O O O

Strongly Disagree  Neutral Agree Strongly
Disagree Agree

Fig 1. The ‘10 second survey’ platform used.

https://doi.org/10.1371/journal.pone.0313541.g001

Making use of existing academic relationships, we established a network of 30 participating
academic institutions. This included finding 30 local coordinators, or ‘spoke reps’, who would
send out emails internally, at each institution, using a mail merge application. The majority of
the spoke reps were philosophers of science, broadly construed, already known to each other
through collaborations and conferences. A few were social scientists, or philosophers of sci-
ence who collaborate with social scientists and are no strangers to empirical methods. Early
on, we judged that the key thing for boosting response rate was that an academic internal to
the scientist’s institution invited them to participate, regardless of the specialization of that aca-
demic. At two institutions (Leeds and UCI) we allowed doctoral students to send the survey
invitation emails, as something of an experiment, to see if this had a significant impact on
response rate.

During the period 10™ December 2022 through 15™ April 2023, five individuals based at
the University of Durham prepared spreadsheets of scientists’ names and email addresses for
the 30 institutions, finding email addresses in the public domain. It was necessary that (i) sci-
entists were in no way cherrypicked, and (ii) clear guidelines were in place for identifying ‘sci-
entists’. No definition of ‘scientist’ was required; instead, uncontroversial examples of
‘scientists’ were identified using sufficiency criteria. Scientists needed to be clearly affiliated
with a university department, institution, or centre, and have a PhD in a relevant field, or
equivalent qualification (see below). Scientists working in industry were not included, since
they don’t tend to have handy identifying criteria, or email addresses in the public domain,
and for ethical reasons we could only send our ‘unsolicited’ survey invitation emails to scien-
tists with email addresses in the public domain.

Potential participants were grouped into five broad fields: Physics; Chemistry; Biology;
Earth Sciences; Health Sciences. Most scientists belonged to a department which could easily
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be assigned to one of these broad fields—for example, membership of a physics, chemistry, or
biology (or biological sciences) department. Those assigned to ‘earth sciences’ were found in
centres, departments, or schools, with a wide range of names; these included the ‘School of
Earth and Environment’ at the University of Leeds, the ‘Department of Earth System Science’
at UCI, the ‘School of Geography, Earth and Environmental Sciences’ at the University of
Birmingham, the ‘Centre for Earth, Ocean and Atmospheric Sciences’ at the University of
Hyderabad, the ‘Department of Earth, Atmospheric, and Planetary Sciences’ at Purdue Uni-
versity, and the ‘Department of Geology” at the University of Pretoria. In nearly all cases it was
straightforward to assign a scientist based in one of these centres, departments, or schools to
the ‘earth sciences’ field. We opted not to include academics based in geography departments,
even though there is no sharp distinction between geologists and physical geographers; natural
scientists were our focus in this particular study, and many academics based in geography
departments are best described as social scientists. Our intention was never to include all rele-
vant individuals at a certain institution; rather, it was our intention to ensure that all those that
were included met our criteria.

The field of ‘Health Sciences” was another complex field. Scientists placed in this category
came from academic centres, institutes, departments, and schools with a wide range of names.
These included the ‘Department of Public Health and Primary Care’ at the University of Cam-
bridge, the ‘Sue and Bill Gross Stem Cell Research Centre’ at UCI, the ‘School of Population
and Public Health’ at UBC, and the ‘School of Dentistry’ at the University of Leeds. At the Uni-
versity of Exeter, within the Faculty of Health and Life Sciences, we included the ‘Department
of Clinical and Biomedical Sciences’, but not the ‘Department of Psychology’. This was a
judgement call based on the fact that members of staff in psychology departments often are
not working in ‘health sciences’, and have varied backgrounds, with some having PhDs in Phi-
losophy, for example. To save the time of painstakingly examining the credentials of every
member of a psychology department, we simply left them out of this study. As this project
develops and progresses (see ‘Outlook’) such choices will certainly be revisited.

Each potential participant’s broad field of expertise was encoded in their unique voting
token (see Fig 2), so that results could be carved up accordingly and analysed. Some critics
might prefer narrow fields of specialization (such as in [2] and [5]), on the grounds that one
does better to survey ‘true experts’ as opposed to scientists merely working in the same broad
field. However, the notion of ‘true expert’ has been used in the past to exclude important voices
from a scientific conversation ([12], see especially Chapter 5). Moreover, it is controversial to
suppose that the only worthwhile opinions are those directly informed by ‘first order’ scientific
evidence; arguably, scientists use ‘higher order’ evidence all the time ([13], pp. 135-53). In
addition, in some cases, focusing on highly relevant specialists will mean that one’s final num-
ber of participants is very small, and this can lead to problems such as self-selection effects, or
echo-chamber effects. The larger the participant number, the more likely it is that one’s cohort
will incorporate diverse perspectives, and the harder it is for a sceptic to mount an accusation
of bias or cherry-picking. At the same time, we emphasise that our methodology is compatible
with future adjustments where scientists are categorised more narrowly into sub-fields, e.g.
‘Astrophysics’. Consider, for example, the survey undertaken as part of the Leverhulme-funded
project ‘Exploring Uncertainty and Risk in Contemporary Astrobiology’, or ‘EURICA’ (a col-
laboration between philosophers and scientists based at the universities of Durham and Edin-
burgh in the UK). During February 2024, as part of this project, a decision was made to survey
the astrobiology community (broadly construed), with non-astrobiologist scientists included
merely for the sake of comparison with the target group. The same methodology was utilized,
with the exception that the PI of the ‘(EURICA’ project (Vickers) sent all of the emails person-
ally. We note that the appropriateness of asking experts more broadly, or more narrowly, will
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Dear [Potential Participant],

[Sender Name] here, from the [Department of Philosophy]. I'd be very grateful if you could help me,
by just quickly answering a single question.

I'm collaborating with the ‘Institute for Ascertaining Scientific Consensus’
(recently featured in Nature) located at Durham University in the UK, which measures scientific
community opinion. We invite you to respond to a single statement.

See the statement and respond using your unique voting token:
https://iasc.awh.durham.ac.uk/poll?survey=206&unique_id=dxJi9VoC7csk GfrhdrsBA

For information

This is simply a scientific opinion survey, and is in no way a ‘trick question’.

Your answer is anonymous and the project has full ethics approval. Details available in our ethics
statement, or else please visit the IASC website:

https://www.durham.ac.uk/research/institutes-and-centres/humanities-engaging-science-
society/the-institute-for-ascertaining-scientific-consensus/.

Thanks so much!
[Sender Name]

To opt out, email: iasc@durham.ac.uk

Fig 2. One example of the survey invitation email; adjustments across institutions were made, as needed, to account for local norms.

https://doi.org/10.1371/journal.pone.0313541.g002

depend on how ‘hybridized’ the focus statement is, in the sense of Ballantyne’s ‘hybridized
questions’ [14].

In a few cases, an institution’s participants came from only some of the five fields. For
example, the University of Exeter, in the UK, doesn’t have a Chemistry Department. A few
professional chemists do work at Exeter, but we did not include them since doing so invited
problems vis-a-vis anonymity of participants. If all scientists in a particular field (e.g. Chemis-
try) at a particular institution (e.g. Exeter) vote, and vote the same way, then it becomes possi-
ble to say how a particular scientist voted. We made this very unlikely, by ensuring that no
fewer than ten scientists occupied any such field+institution category. If any field+institution
category were going to be occupied by fewer than ten scientists, we excluded the category
entirely. Thus, for example, Exeter participants came from ‘Physics’, ‘Biology’, ‘Earth Sciences’,
and ‘Health Sciences’. Similarly, Lancaster lacked participants from ‘Biology’, NYCU Taiwan
lacked participants from ‘Earth Sciences’, Stockholm lacked participants from ‘Health Sci-
ences’, and Amsterdam lacked participants from both ‘Biology’ and ‘Health Sciences’. If, in the
future, we were to use narrower specialization categories, e.g. ‘Astrophysics’ instead of ‘Phys-
ics’, this problem of ensuring anonymity would amplify. So too, acquiring additional data such
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as seniority of participant would threaten anonymity. It has been widely documented that de-
anonymization is a serious threat [15-17].

Many of the targeted participants were easy to select, e.g. a Physicist working in a Physics
Department, with a PhD in Physics. Occasionally an EngD compensated for not having a PhD.
The ‘Health Sciences’ category was more challenging, and here we allowed for participants
with MD, PsyD, DVM, or PharmD qualification. Sometimes the title ‘Honorary Professor’
helped to indicate that an individual was a respected scientist, even though they’d had an
unusual career trajectory. In a small handful of cases an individual was included without the
expected qualifications, but with every other possible indicator, e.g. a distinguished career and
long list of relevant publications in respected scientific journals. To emphasise, only uncontro-
versial cases of ‘scientists’ were used; if there was any doubt regarding an individual’s academic
status, they were not included. Some judgement calls had to be made; however, with very large
numbers of scientists involved, and a small number of borderline cases, results remain robust
across different possible judgement calls.

In parallel, Research Software Engineers (RSEs) at Durham prepared bespoke surveying
software and the survey platform (Fig 1). The completed spreadsheets could be entered into
the platform to generate unique voting tokens for every potential participant, ensuring that
only those targeted could vote, and each person could only vote once. The voting tokens also
tagged votes with institution and discipline of voter, but no other information. Raw voting
data thus took the form “Durham, Physicist, Strongly Agree”, “Hyderabad, Earth Scientist,
Disagree”, etc. Whilst the survey was open, it was possible for those with access to the server
(i.e. the software engineers) to see which targeted scientists had voted, since they could see
which tokens had been used. When the survey closed (after four weeks), all tokens were
deleted from the server, and it was then impossible for anyone to ascertain even if a given tar-
geted scientist had voted. To be clear, no ‘field+institution’ category had a 100% response rate;
if it had, we would be able to judge that a targeted participant in the category had voted.

Following standard beta-testing with a Beta Testing Group of 50 scientists, initial invita-
tions were sent out during June 2023, with a single reminder email sent out two weeks later,
and the entire survey closed after four weeks. In just one case-UNAM-the reminder email
wasn’t sent. In three other cases, due to technical or ethical challenges and last-minute compli-
cations, the local spoke rep was unable to send the survey invitation email, the reminder email,
or both. In these cases, the project lead (Vickers) performed the mail merge externally, from a
Durham University email account. It is unclear whether or not this had a serious effect on the
resultant response rate, since several factors affect response rate.

Not only was the survey itself maximally short (Fig 1), the survey invitation email was also
maximally short (see Fig 2), while still including all necessary information. It was imperative
that the email itself be maximally short, since this was the first thing a potential participant
would see, and there was no point having a super-short survey if the scientist never clicked on
the link to reach the survey. Sometimes a scientist will see a long email, and quickly judge that
even just to read the email is too big an ask of their time.

The bespoke surveying software and platform have already been published on Zenodo [18].
We conducted this pilot project on a very limited budget, and thus the survey software is lim-
ited in various respects. For example, the raw data for each institution had to be downloaded,
pieced together, and processed, whereas in a future iteration a huge amount of data processing
would happen automatically, including generation of an ‘initial report’. Similarly, opt-outs had
to be processed manually. It would also be interesting to acquire data on the percentage of
potential participants that did click the link in the survey invitation email, but did not vote, or
only voted much later (following the reminder email). As discussed in the next section, partici-
pants voting in the second wave tended to disagree more than participants voting in the first
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wave. In future iterations of the method, we could test whether disagreement votes in the sec-
ond wave correlate with opening the survey, but not voting, during the first wave.

We next turn to sampling bias concerns. Sampling happens twice: once from the entire
population, and again when scientists themselves choose whether or not to participate. In both
cases, sampling bias could occur. Is this a concern?

In the first case (kind 1), if (for example) all scientists within China were to disagree, then
our survey results would not reflect international scientific community opinion; we’d get a
biased result, and we wouldn’t know it, because we have no data from inside China.

In the second case (kind 2), if (for example) there were a strong correlation between
strongly disagreeing and not participating, then we’d get a biased result. And once again we
wouldn’t know it, because we don’t have any data from those that didn’t participate.

We respond as follows:

(i) Our survey is one of the most balanced scientific community surveys that has ever been
done, involving a greater number of scientists, across more countries. Ideally we’d include
even more scientists across even more countries, and in fact there are concrete plans for this
(see ‘Outlook’). An additional point is that the diversity is greater than it initially appears.
For example, our set of targeted Oxford University scientists includes scientists from more
than 30 different countries, when judged by country of academic formation (typically BSc,
MSc, and doctoral study). We stress, however, that since votes are entirely anonymous, we
cannot determine which of the targeted Oxford University scientists participated.

(ii) We achieved a high response rate relative to other survey-based methodologies, and the
higher the response rate the lower the worry about ‘kind 2’ sampling bias. Acquiring data
on gender and age (see e.g. [2]) doesn’t help much with such bias, since the primary bias
could easily come in elsewhere, such as with political ideology [19, 20].

Apart from these sampling bias concerns, it has been suggested that scientists in a certain
region might be somehow biased, simply in virtue of being based in that region. This is plausi-
ble; Vickers ([12], Chapter 5, Section 2) discusses how, in the 1930s, 40s, and 50s, scientists in
certain countries (including the US, UK, and Australia) were biased towards dismissing ‘conti-
nental drift’ as a hopeless idea, whilst other countries (such as South Africa) were more open-
minded. This had to do with the contrasting scientific cultures in those countries. Crucially,
the survey approach being proposed in the current paper would serve the purpose of revealing
such differences, if they exist. Data on differences in scientific opinion across countries/regions
is valuable data to have. If differences are revealed, one can then conduct an investigation to
determine whether those differences are indeed due to problematic biases, or echo-chambers,
or are simply reasonable differences of professional judgement. We see our role as the first
step in this process—collecting the initial data, to reveal a possible bias, which can then be
investigated directly.

Finally a note on ethical approval. This project has been through a comprehensive ethical
approval at Durham University, UK, equivalent to IRB. A full Data Protection Impact Assess-
ment (DPIA) has been completed, including a Legitimate Interests Assessment (LIA). The
assessment result for this project is "low risk’. Detailed documentation of (i) ethical approval,
(ii) DPIA, and (iii) LIA, is included as Supporting Information ‘Other’. We note here that the
need for participants’ explicit prior consent was waived by the ethics committee. A full discus-
sion is available in the Supporting Information ‘Other’. Just briefly we stress here that if partici-
pants did not consent, they could simply ignore or delete the survey invitation email. Clicking
the survey link embedded in the email is equivalent to consenting for one’s opinion to be
included, anonymously, as part of the survey. On the scale of many thousands of scientists it
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would be virtually impossible to acquire explicit consent from participants, without very
heavily impacting the return rate, and thereby undermining the project. Thus another way
must be found, and it is ethically sound to take a scientist’s decision to click the survey link in
the invitation email as signalling their consent to their opinion being included in the survey.
Scientists are able to permanently ‘opt out’ in two clicks.

Results and discussion

We hypothesised that our method would either already achieve, or show clear future promise
of achieving, five desirables. Three are directly tested by our study:

(i) high response rate;
(ii) responses from a broad and diverse set of scientists;
(iii) rapid turnaround of results.
Two further desirables are also plausible on this methodology, and merit discussion:
(iv) scale-up potential;
(v) minimal survey fatigue, allowing for significant repeatability.

As we set out to show, desirable (iv) falls out of the basic methodological setup. Desirable
(v) is a plausible prediction, to be confirmed or disconfirmed by future studies.

Turning to (i), the overall response rate was high, relatively speaking, at 33.9%. For compar-
ison: the recent IRIS survey on research integrity [4] had a response rate of 7%, and the “Well-
being in Science’ project led by Brandon Vaidyanathan worked hard to reach a 15% response
rate [3]. Recently, the ‘Covid origin’ survey conducted by the Global Catastrophic Risk Insti-
tute achieved a response rate of 14.8% [5]. Even the leading climate change survey achieved
only 25% response rate [2]. These numbers are typical; one would struggle to find any higher
response rates, for this kind of work. Moreover, our response rate was relatively speaking
extremely high (>55%) at four institutions (Fig 3). Very high response rates at a larger number
of institutions will be possible in future surveys, given lessons learned and opportunity for
methodological fine-tuning.

Regarding response rate, we also mention here a recent survey of the global astrobiology
community. This was conducted as part of the aforementioned Leverhulme-funded project
‘Exploring Uncertainty and Risk in Contemporary Astrobiology’, or ‘EURICA’. Disregarding
‘undeliverables’ (i.e. those emails that were sent but that didn’t reach an inbox), 1,176 astrobi-
ologists were emailed on 10t February 2024, with 357 responses received in the first 72 hours,
a response rate of 30.4%. After two weeks the survey was closed, with a final response rate of
44.6%. This survey used the same novel survey method, with the exception that the PI of the
EURICA project (Vickers) sent all of the survey invitation emails personally.

Breaking response rates down by field of specialization, Physics has the best response rate,
with Biology and Earth Sciences very close behind. The numbers are: Physics 38.33%; Biology
38.18%; Earth Sciences 36.97%; Chemistry 34.30%; Health Sciences 28.06%. The significantly
lower response rate for ‘Health Sciences’ (statistical test: chi-squared x> (1, N = 6807) ~ 112;
p<0.001), as compared with all other scientists combined (one degree of freedom), is no doubt
due to the fact that many such scientists are part-time clinical practitioners, for example work-
ing in the NHS. Such scientists are especially likely to simply delete an unsolicited request to
complete a survey, however short. We also have reason to believe that such scientists receive
survey requests even more often than other scientists, and are thus experiencing ‘survey
fatigue’. But we stress that a 28% response rate is still good, relatively speaking.
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Fig 3. Survey response rates, by institution.

https://doi.org/10.1371/journal.pone.0313541.9003

Turning to (ii), we collated responses from a reasonably broad and diverse set of scientists,
with 6,807 participants across 30 institutions in 12 countries. Responses were spread across
five broad scientific fields: Physics, Chemistry, Biology, Earth Sciences, and Health Sciences,
and we take this opportunity to display our survey results (Fig 4), although we stress that these
results are of secondary interest, given that our primary aim is to develop a novel
methodology.

We were also able to collect data from multiple countries (Fig 5). We note that the interna-
tional diversity of our response base, though falling far short of our ambition (see ‘Outlook’), is
still an improvement on the typical state of the art (e.g. [2]). In surveys of scientific opinion to
date, little attempt has been made to achieve results that are internationally representative. In
one sense Ackerman et al. ([5]) is an exception, since global opinion is explicitly sought. How-
ever, for a ‘global’ survey their participant number N = 168 is extremely small, allowing each
country involved a very limited voice. To compare: the recent expansion of our network to
¢.50,000 scientists at 80 institutions (see ‘Outlook’) shows what is achievable on our particular
methodology vis-a-vis both international representation and scale-up potential.

Turning now to (iii), we achieved a reasonably rapid turnaround of results, with promise for
very rapid turnaround in the future. Invitations to participate were initially sent mid-June 2023,
with final results ready mid-July 2023, amounting to a turnaround of one month. We now ask:
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was the final agreement result essentially in hand long before the survey closed? Did the survey
need to stay open for one month? Half-way through the survey, following 4,505 responses, over-
all agreement stood at 95.2%. Following an additional 2,302 votes in the second half, overall
agreement stood at 93.2% (95% Confidence Interval CI = 0.932 + 0.006). This constitutes a small
but statistically significant dip in overall agreement (statistical test: chi-squared y*(1, N = 6807)
=9.63; p = 0.002), although interestingly we found variation across institutions (Fig 6).

It cannot be inferred that the final agreement result was already in hand long before the sur-
vey closed, given that the agreement percentage dipped by 2% in the second wave (following
the reminder email). Whether a reliable pattern of agreement dipping would emerge following
many surveys remains to be seen. Consider the previously mentioned ‘EURICA’ survey of
astrobiologists which took place in February 2024. The overall agreement dipped during the
survey as follows: 89.7% agreement after 48hrs, 88.8% after 72hrs, 87.5% at the end of Day 8,
86.6% at the end of Day 9 (following the reminder email), with a final agreement result of
86.5%. This gives a 2.3% dip in overall agreement between 72hrs and the final result. Thus, a
good estimate of the final result might be possible after just 72hrs, but, potentially, with the
necessity that one factors in a dipping phenomenon vis-a-vis overall agreement. The noted
dipping phenomenon adds to studies exploring response time and decision making in a range
of different settings [21-23].
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One may ask under what circumstances a rapid turnaround of results, such as 72hrs, might
be beneficial. Stegenga ([24]) discusses cases of ‘fast science’, where science must move quickly
to respond to a ‘supreme emergency’. The COVID-19 pandemic was one such ‘supreme emer-
gency’. A more common example concerns the importance of rapid turnaround in the context
of assessing admissibility of scientific evidence in judicial proceedings. For example, scientific
consensus is relevant to various standards of the admissibility of scientific evidence which
apply throughout the US, including the Frye standard (and Kelly-Frye standard), and the Dau-
bert standard. The Frye standard explicitly references “general acceptance” by the scientific
community. The Daubert standard incorporates some elements of Frye; the evidence must rest
on a “reliable foundation”, and general acceptance in the scientific community is relevant to
assessing whether this is the case. The rapid turnaround of our approach could be especially
helpful in this context.

Leaving discussion of scale-up potential for a later section (‘Outlook’), we turn next to
repeatability. As already noted, survey fatigue will be most accurately assessed once the same
set of scientists have been surveyed several times. Initial indications are somewhat mixed. Our
overall opt-out rate was very low, at 0.3%, which is important for repeatability, since every
‘opt-out’ needs replacing with an alternative if one is to maintain one’s stock of potential par-
ticipants. The opt-out rate for the ‘EURICA’ survey of astrobiologists was less than 0.2% (two
individuals).
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Fig 6. Agreement adjustment following the reminder email. (Data collected across 27 of the participating institutions).
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An additional data-point comes from our re-survey of CONICET (Argentina’s leading pub-
lic research institution) during December 2023-January 2024. This follow-up was conducted
in light of the fact that CONICET’s response to the initial survey was an outlier, with a rela-
tively low agreement score of 78% (see Fig 7). Due to budget constraints, we used the same
stock of scientist names/email addresses for the follow-up survey, even though it was now one
academic year out of date; this was bound to harm the response rate, for example because we
included postdocs, who come and go quite regularly. From a single email we received 143
responses from 577 emails, which is a 24.8% response rate (no reminder email was sent). In
the June-July 2023 survey, we received 165 responses from CONICET, from the initial email.
Thus we see here some drop-off in the response rate, but this could potentially be compensated
by updating the spreadsheet at the start of each academic year. It can also be more-than-com-
pensated by introducing new institutions to the network as and when needed, something that
is demonstrably easy to do (see ‘Outlook’).

It might be claimed that whilst our approach already fares quite well, and could perform
very well, with regard to issues (i)-(v), it performs poorly on the most important issue: veridical
representation of (relevant) scientific opinion. The overall agreement percentage was 93.2%
(95% Confidence Interval CI = 0.932 + 0.006), which might seem uncomfortably low for a
statement such as (S). For example, it may appear low compared with other results in the
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Fig 7. Survey results for percentage of agree or strongly agree, by institution.

https://doi.org/10.1371/journal.pone.0313541.9007

literature, such as results of 97% agreement or higher regarding human-caused global warming
[1, 2, 25, 26]. In addition, some of our institutions returned results that seem very low, e.g. at
or below 80% (see Fig 7).

It might be suggested that the low overall agreement score of 93.2% has to do with the fact
that we surveyed across Physics, Chemistry, Biology, Earth Sciences, and Health Sciences, thus
including responses from scientists who have no expertise whatsoever when it comes to
COVID-19. However, for a high-profile issue, such as the (basic) cause of COVID-109, field of
expertise is relatively unimportant according to our results (see Fig 8). One cannot infer that
the reason the agreement score was low was because we included physicists (for example) in a
survey about Covid; the overall agreement percentage for physicists was 93.5%.

Regarding the overall agreement score of 93.2%, we stress that in addition to basic disagree-
ment with statement (S), several explanations for non-agreement votes present themselves.
(We stress that only some of these can serve to explain the relatively low agreement score,
since some will be present in any survey-based approach).

1. Participants choose ‘neutral’, a response that is given for different reasons, including as a
way to ‘hide’ non-response ([27]; see also [28]).

2. Participants hold to the philosophy that nothing in science should be ‘beyond reasonable
doubt’, and we need to keep an open mind about everything, including the most obvious
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‘facts’. This is particularly likely in some scientific circles, especially given the ongoing influ-
ence of Karl Popper.

3. Participants feel that (S) problematically simplifies a complex reality. To illustrate: one par-
ticipant explained that Covid was triggered by a virus, but was caused by many things,
including lifestyle and comorbidities.

4. Participants enjoy being contrarian; they hold to a philosophy where, allegedly, challenging
widely accepted ideas, including “facts’, is crucial for scientific progress. An interesting
example concerns American geologist Arthur Mirsky, who, in the context of the continental
drift debate, stated, “I got the urge to sound more hardline ... I needled them [‘drifters’]
with my apparent hard-line opposition rather than my actually more moderate, questioning
view.” ([29], p. 372).

5. Participants are inattentive or mischievous. See e.g. [30], p. 3: “Inattentive and mischievous
respondents (collectively referred to in this report as ‘problematic respondents’) can bias
the results of surveys by dramatically inflating point estimates and creating illusory associa-
tions.” (See also [31]).

6. Participants were slightly nudged towards selecting the first response option listed
(‘Strongly Disagree’), simply because it was first. (See for example [32].)
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7. Unexpected local contingencies result in unusually low agreement scores at a small handful
of institutions (see Fig 7), bringing the overall average down.

Some may prefer to see action taken to minimise at least some of these factors, in order to
increase the consensus score closer to 100%. In some cases, a result perceived as low’ might be
considered politically problematic, a consideration that could prompt researchers to design
surveys that achieve very high consensus results (cf. [26]). For example, if one really wants to
get a very high consensus result for anthropogenic climate change, one could ask only IPCC
authors. One could also remove the clause ‘Science has put it beyond reasonable doubt’, since
this clearly raises the bar.

However, lower agreement results need not mean that the scientific claim is less credible
[33]. In addition, if our purpose is to set a baseline, there are good reasons not to minimise fac-
tors 1-7 and instead allow for their influence on the agreement rate. After all, these factors are
likely to also be present in other surveys of scientific opinion, including future instances of our
own approach. Thus, any interpretation of these other results using our results here as a base-
line would be most reliable if our baseline results reflect these factors as well. For example, if
our baseline is approximately 93% with factors 1-7 not minimised, then a similar survey on
anthropogenic climate change (say), including the clause ‘Science has put it beyond reasonable
doubt’, shouldn’t be expected to get above 93% in order to count as a solid consensus. At least
some of the considerations 1-7 noted above can be considered as ‘noise’ [34, 35], some degree
of which is to be expected in any survey of expert opinion. Making methodological adjust-
ments to reduce the degree of noise from 4% to 3% (say) is unimportant if we are taking a base-
line approach to assessing degree of scientific agreement.

It could still be claimed that the agreement results at UNAM and CONICET (see Fig 7) cry
out for explanation, given their significant outlier status. Of course, it is possible that scientists
in Mexico and Argentina are more sceptical than elsewhere and, if so, this is an interesting
result and should be factored into the overall global agreement score. On the other hand, if sci-
entists in these countries are not more sceptical than elsewhere, then these low results could be
considered problematic, in which case it could be claimed that they should not be factored into
the global agreement score.

In consultation with the spoke rep at CONICET we organised a follow-up survey in Argen-
tina, to test our assumption that an unusual degree of scepticism amongst the scientists was
not a plausible explanation of the low agreement score of 78%. In the new survey we chose.

La evidencia cientifica nos muestra que el COVID-19 es causado por un
virus

This translates to, “Scientific evidence shows us that COVID-19 is caused by a virus.” This is a
useful creative translation of (S), which avoids the potentially problematic term ‘beyond rea-
sonable doubt’ whilst playing a very similar role-it represents an achievable high-bar epistemic
threshold, beyond ‘good reason to believe’, but falling short of ‘certainty’.

On 29" December 2023 we emailed 577 CONICET scientists, receiving 143 responses. We
received 127 ‘strongly agree’ responses, 15 ‘agree’ responses, and 1 neutral response; thus, the
overall agreement score was above 99%. Whilst not definitive, this supports our hypothesis
that scientists in Argentina are not unusually sceptical about the viral cause of Covid. Possible
explanations of the prior, low agreement result of 78% are:

1. Epistemic contextualism/higher bar. Many scientists educated in the Argentine system
take philosophy of science courses, where they encounter issues in epistemology. Further-
more, the Spoke Rep in Argentina introduced herself, in the survey invitation email, as a
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philosopher. Participants might have imagined that the question was not really about their
scientific beliefs, but about their sensitivity to philosophical subtleties. Studies show that
responses to questions can be affected by context, including location (e.g. inside/outside the
philosophy classroom), and who asks the question [36, 37].

2. Interpretation of ‘beyond reasonable doubt’. To scientists in Mexico and Argentina, the
phrase ‘beyond reasonable doubt’ can feel clumsy and awkward. Some scientists attempt to
break it down word by word, resulting in an interpretation inconsistent with other coun-
tries, and different from that intended (cf. [38]). Generally speaking, survey results are
often sensitive to issues of language and interpretation [39, 40].

Thus, one may worry that the initial CONICET results were an underestimate, and that, as
a result, the global agreement result of 93.2% is too low. On the other hand, it is plausible that
unexpected local contingencies will always affect large-scale international surveys conducted
across multiple languages and cultures. If true, the baseline percentage for a strong scientific
consensus ought not to be inflated by labelling certain unusually low results ‘problematic’.

The focus on setting a baseline helps us to avoid various difficulties. For example, it is nor-
mal to present consensus results quantitatively, e.g. 97% (cf. [41]). But any method for measur-
ing scientific opinion includes a large number of decision points, more than might be expected
(cf. many-analyst studies, e.g. [42]). With two decision points, there are four different ways to
reach a ‘consensus score’ from our survey results (see Fig 9).

. basic agreement - agreement ex neutral . weighted agreement . weighted agreement ex neutrals

100 -

biology chemistry earth sci health sci physics

Fig 9. Illustration of how two decision points lead to four different ways to derive a measure of agreement from the data.

https://doi.org/10.1371/journal.pone.0313541.9009
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For example, one could disregard neutral votes, perhaps on the grounds that many scien-
tists choose this response because they don’t have an opinion, or don’t wish to offer an opin-
ion, meaning that a ‘neutral’ response is comparable with choosing not to vote [27].
Additionally, one might want the consensus measurement to reflect the fact that the majority
of votes were ‘strongly agree’ and not merely ‘agree’; otherwise, we get the same score regard-
less of whether we have a large majority of ‘agree’ responses, or a large majority of ‘strongly
agree’ responses, and clearly these are two very different datasets vis-a-vis scientific commu-
nity opinion. One option here is to double-weight ‘strongly’ responses (at both ends of the
Likert scale).

Now if, for example, we ask, “Have health scientists reached a 95% agreement?”, the answer
is unclear, since it depends on how you derive an agreement percentage from the raw data,
and there isn’t a single correct way to do that. It would even be reasonable to respond “That’s a
bad question”. But if one wishes to set a baseline which can be used to assess future survey
results, it may not matter which choices one makes. The key thing is to ensure one takes the
same approach as was taken in the baseline survey, so that results are not incommensurable,
and a comparison can be made.

A final topic meriting discussion is ‘false balance’. False balance is a well-known problem in
epistemology generally, and in scientific communication specifically [43]. The basic problem
is that a consumer of information often sees far more balance across ideas than really exists. In
an extreme case, the consumer sees ‘two sides to the story’, e.g. on an issue such as climate
change [8].

But with our new methodology, the problem of ‘false balance’ may be overcome. Suppose
we have 50,000 scientists in our network (see ‘Outlook’), and a 40% response rate is achieved,
meaning that 20,000 votes are recorded. A 93% agreement here equates to 18,600 agreement
votes, or ¢.1,400 non-agreement votes. Thus, some percentage of scientists are dissenters,
potentially up to 7%, in an entire population of millions. Somebody wishing to dismiss the
result might then amass many scientists who are dissenters. Suppose they amass 1,000 such
dissenters. What would that show? Since the 93% consensus result already entails some non-
negligible percentage of dissenting scientists, and since we are dealing with very large numbers
of scientists, it is trivial that there would be 1,000 scientists who would disagree. There were
more than 1,000 non-agreement votes in the sample, never mind when one turns to the entire
population of scientists.

The exception might be if we are looking only at relevant scientists narrowly construed,
since then we might not be dealing with large numbers of scientists, in which case even 500
scientists might be a significant number (depending on the overall number of scientists
working in the field). If one actually can amass 500 dissenting scientists who are highly rele-
vant experts, then that really might be significant, and the result should be welcomed. What
one normally finds, however, is that in order to amass a potentially influential number of
dissenting scientists, counterestablishment/anti-science groups have to interpret ‘scientist’
very broadly. Such is the case with the 1000+ ‘scientists’ disagreeing with the theory of evolu-
tion, as organised by the Discovery Institute: they are happy to include mathematicians,
computer scientists, surgeons, civil engineers, and others—-not exactly highly relevant experts
(see dissentfromdarwin.org). In fact, if we interpret ‘scientist’ this broadly, there are at least
10M scientists in the world, and so 1,000 dissenting scientists is compatible with a 99.99%
consensus. Indeed, were the Discovery Institute to amass 10,000 dissenting scientists—an
apparently very significant number-that would still be compatible with a 99.9% consensus
vis-a-vis the truth of evolution.

Another counterestablishment/anti-science organisation, Clintel, are behind a statement
that “There is no climate emergency”, with nearly 2,000 signatures. The list of signatories can
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be found online, and the same story applies: even if they reach 10,000 signatures, that is com-
patible with a 99.9% consensus that there is a climate emergency.

A similar but more academically respectable approach can be seen in Hilbeck et al. [44],
who wish to challenge the scientific consensus on GMO safety. They find 300+ researchers
willing to stand opposed to the so-called ‘consensus’. But 300 researchers, whilst able to fill a
large lecture theatre, is a tiny dissensus percentage, easily compatible with an extremely strong
consensus. The authors refer to “strict qualification requirements” for signatories, but their
signatories include non-scientists such as legal experts and ethicists. Thus the qualifying crite-
ria are quite broad, and this makes 300 a very small percentage. These kinds of moves always
focus on numbers of dissenting individuals, not a percentage score in a representative sample.

Outlook

During August-October 2023 we expanded the network of institutions considerably, from 30
to 80 (Fig 10). This larger network contains ¢.50,000 scientists. The primary motivations are:

(i) The new network is more internationally representative: 24 institutions in Europe, 12 in
North America, 6 in South America, 17 in Asia, 9 in Africa, and 12 in Australasia. This will
help to ensure that inferences from the sample to the global population are reliable, and
confidence interval calculations can be trusted.

(ii) The new network allows for significant survey size even when quite specific questions are
asked of the data, e.g. “Is there a strong consensus amongst earth scientists in Asia?”

(iii) In a larger network, survey experiments can be conducted, where each sub-group survey
within the experiment is large enough to count as a significant survey in its own right.

Regarding motivation (iii), we emphasise that a huge range of survey experiments become
possible with the new network. One can make countless adjustments to the methodology, to

Beta-Testing
Group

Research Administrative
Staff Staff

Management
Q@@®® Spoke foam Ny Spoke ®®°
@@@@@ P9 Liasion Liasion @@@
Europe @ - Asia
Spok poke
e® LI::IO?\ Liasion °
@ Spoke
Liasion Liasion

@ @ @@ @ Australasia

o @ @ @@ 0®2®
: ®® wgmea% South

Africa America

Fig 10. Organizational chart. Small coloured dots represent 80 academic institutions, 30 of which already participated
in the June-July 2023 project, and 50 of which have since agreed to join. Each institution has a local representative or
‘Spoke Rep’; initials of Spoke Reps are included in the figure.

https://doi.org/10.1371/journal.pone.0313541.g010
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ascertain how these adjustments affect important variables including agreement response and
response rate. Of the many possible survey experiments worth considering, we mention just
two here. First, it would be interesting to compare scientists’ personal views with their impres-
sion of the general consensus; in this way, we could explore the phenomenon or ‘pluralistic
ignorance’ or ‘preference falsification’ [45]. Second, it would be interesting to split the popula-
tion of scientists in two, running two surveys in parallel, but with one difference: inclusion or
omission of a slider for the scientist to self-report their degree of expertise vis-a-vis the state-
ment in question. If a slider can be added without harming the response rate and opt-out rate,
it would provide valuable information, and might also allow us to include potentially relevant
academics more freely.

Moving forward, another thing we plan is substantial consultation with experts regarding
the language, culture, and politics of participating countries and regions. Our experience with
CONICET shows clearly the importance of such consultation, and its potential impact on sur-
vey results. Among other things, such experts would offer an insight regarding the extent to
which we should expect scientists to respond according to their personal (and perhaps private)
view, as opposed to the view they are expected to have (or think they are expected to have). If
we have reason to believe that scientists in a certain country or region are largely not offering
their personal view, we would carefully consider whether to include data from that region in
our survey.

We also comment here on the flexibility of the proposed methodology going forward. Flexi-
bility along various dimensions is crucial, since the sphere of electronic communication is rap-
idly evolving. As things stand in 2024, the vast majority of scientists continue to use email on a
daily basis, and email remains the primary method of communication amongst scientists. In
addition, as things stand, most scientsts are comfortable with their email address being in the
public domain. If one or both of these change in the near future, that needn’t destroy the pro-
posed methodology; rather, the methodology would need to be adjusted accordingly. It will
always remain the case that academics at an institution will have a convenient way of commu-
nicating with each other. Thus, a spoke rep in our network would still be able to send survey
invitations to scientists at her/his institution. Precisely how this would work can only be a mat-
ter of speculation at this point in time, and our feeling is that emailing will remain feasible for
many years to come.

Finally we note that, were this endeavour to properly take off on a large, international scale,
as proposed, it would need to be run by an international organisation. This is primarily due to
the fact that otherwise concerns could arise regarding any one country dominating the ques-
tions asked, the procedure, or having early access to the resultant data.

Conclusion

Policymakers, NGOs, laypersons, and others, often ask the question, “Is there a scientific con-
sensus?”, regarding a particular subject matter. Assuming the subject matter is genuinely scien-
tific, this seems like an important question to ask, and answer. If scientists are united in their
opinion, that is considered significant, and can be a good basis for particular actions. If scien-
tists are divided, that signals that we are dealing with an ‘open’ question, with reasonable opin-
ions on either side, and (probably) various divergent ‘open’ courses of action.

The study described here shows how it is possible to establish a global network to quickly
ascertain scientific opinion regarding selected statements, on a large international scale, with
high response rate, low opt-out rate, and in a way that incurs little survey fatigue, thus allowing
for significant repeatability. Assuming periodic introduction of new spokes to the network,
indefinite repeatability becomes realistic.
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At the same time, a binary yes/no approach to scientific consensus has obvious problems,
and the very question “Is there a scientific consensus on this matter?” warrants scrutiny. There
are various different methodologies for assessing scientific opinion, and the degree of ‘consen-
sus’, if any, will vary with method. Even within a single-statement, five-point Likert scale, sur-
vey methodology, there are different options for deriving an agreement score from the data
(recall Fig 9). We have suggested that one does better to ignore the idea of an agreement score,
instead setting a baseline for a particular methodology and assessing future survey results com-
paratively, with respect to that baseline. This is a realistic approach on our particular method-
ology, because of the possibility of significant, or even indefinite, repeatability: it is crucial that
one doesn’t exhaust one’s population of scientists in the course of setting the baseline.

Before closing, it would be remiss not to mention optimistic scenarios. Notwithstanding
backfire effects in some groups, in some contexts (e.g. [46, 47]), and doubts concerning the
extent to which ‘consensus messaging’ influences people [48], it remains possible that scientific
community opinion data, collected on a large international scale as envisioned here, could
sway public opinion significantly, on a range of important topics (cf. [49]). This could then
make viable implementation of policies (e.g. tackling climate change) that were previously too
controversial for policymakers to take seriously. Consensus data will not be welcomed by all;
far from it. But for the sake of those who welcome it, and wish to form opinions in light of it,
relevant data should be made available.
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