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Abstract
What is post-normal science? What are the reasons for, and consequences of, encounter-
ing it in one’s professional life? Here I share my own experience of readings, practices and 
discussions with the fathers, supporters and detractors of PNS. After a short description 
of PNS and of my own experience with it, I review some common criticism levelled to 
PNS from different authors and conclude reflecting on how PNS—difficult to explain and 
translate into formulae or checklists—provides its practitioners with useful keys to open 
relevant doors to understanding, and might be especially suited to face the present inter-
secting crises befalling the use of science for policy.
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1  Introduction: What is Post‑normal Science?

The moment I dread the most in conversations about post-normal science (PNS) is when 
I am asked, sometimes with a vaguely ironic smile, what this post-normal science is after 
all. I could reply with the well-known mantra “The sort of science that is needed where 
facts are uncertain, values conflicting, stakes high, and decisions urgent”. My experience is 
that a more comprehensive definition of PNS can only be subjective and is best related to 
personal experience.

Readers will be familiar with the rainbow diagram (Funtowicz & Ravetz, 1993, Fig. 1). 
It suggests a ‘post normal’ region where the uncertainties are so great and the stakes are so 
high as to make ‘normal science’ inadequate, perhaps because science is not the best can-
didate to fix problems that science has itself created (Funtowicz & Ravetz, 1991). Between 
the normal and the post normal sits a region where the tacit elements of a craft drive the 
action of a practitioner, such as a surgeon in the operating room or a military commander 
in a battlefield. The term ‘professional consultancy’ aims to cover these situations, where 
one is not allowed to sift the course of action through the ordered channels of peer review. 
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Beside these classic definitions, there are some aspects of PNS that are important and that 
resonate vividly with my own experience.

• An uncomfortable science. Since “Science for the post-normal age” appeared in 
FUTURES in 1993 (Funtowicz & Ravetz, 1993), the article was cited more than 6,000 
times, according to Google Scholar. Almost three decades later, one would therefore 
imagine that post-normal ideas are widely accepted. Those familiar with the litera-
ture know that instead post-normal science is still deeply irritating, uncomfortable and 
unwelcome to many; tactics deployed to remove uncomfortable knowledge, such as 
PNS, are well described by Steve Rayner (2012). A common refrain is that the rise of 
post-normal science has dampened the internal critical practice of scientific communi-
ties while increasing scepticism in citizen communities, see e.g. (Newman, 2018). For 
others, PNS represents an invasion of the political arena by activist scientists (Wes-
selink & Hoppe, 2011). More aggressive rebuttals of PNS can be found in web pages 
such as rationalwiki.org (Post-Normal Science, 2011). This may seem sad to those who 
endorse PNS, but in another sense, it is comforting, in that the iconoclastic drive of 
PNS is still active; however, there is still much to be done.

• A humble science. Post-normal science is extremely clear in delimiting its applicabil-
ity to practical and problematic situations, rather than fundamental research—although 
the fact that science today is no longer little, but big or mega1 (de Solla Price, 1963), 
makes it difficult at times to make the distinction. In situations where science is used 
to deal with plagues, pandemics, social and ecological problems related to our increas-

Fig. 1  The post-normal science 
diagram. Source: Wikipedia 
Commons, license CC BY-SA 
3.0

1 “Little Science Big Science” is the title of a much-quoted work by historian of science Derek de Solla 
Price that describes the rapid transformation of science from little to big, also as a result of WWII, and the 
‘impossible’ growth in the production of PhD dissertations and journal articles. He hypothesizes that sci-
ence might succumb under the weight of its own success. This theme was also treated by Jerome R. Ravetz 
(1971) in his analysis of how the social fabric of the scientific enterprise would change with big and mega 
science, and how scientific quality control practices would come under strain under these mutated social 
circumstances.
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ing impact on the planet and health, inequalities and human rights violations, the post-
normal approach may be seen as natural. So argue a group of experts in complexity 
(Tainter et al., 2001, 2006) dealing with energy transition scenarios. For these authors, 
issues involving humans and energy can only be addressed with “a liberal dose of 
PNS”:

Future energy transformation will involve post-normal science because public inter-
est will be central, and political will may be as limiting as engineering issues  [...] 
Values, uncertainty, urgency, and high stakes all suggest the utility of a post-normal 
approach to future energy. (Tainter et al., 2006).

 On the contrary, perspectives that tend to reduce the complexity of these choices to easy 
one-dimensional metrics and present these as the stark facts on which politics must 
act, are the ones that most tragically—often—lead to wrong choices. Several examples 
could be made here, but I defer the reader to the compendium by Scoones and Stirling 
(2020), with topics ranging from countries’ flooding insurance, to the securitization of 
risk, to the regulation of pesticides. One component of the humility of post-normal sci-
ence is that it programmatically declares itself neither value-free nor ethically neutral 
(Funtowicz & Ravetz, 1990a): in other words, it renounces the alleged neutrality of 
the scientific method or knowledge, a claim that is instead characteristic of conserva-
tive approaches to the use of science (Harding, 1995; Saltelli et al., 2020a, 2020b; van 
Zwanenberg, 2020).

• Few simple keys. The list of recipes offered by post-normal science is surprisingly 
short, just as the keys it provides are small compared to the doors they open. One, 
already mentioned, is the advice not to attempt to separate facts from values. Another 
key, apparently very simple but difficult to practise, is to be aware of the observer’s 
position, i.e., a call for reflexivity. The last key, very characteristic of the post-normal 
approach, is the invitation to gather an "extended community of peers" around a prob-
lem. The "extended peer community" is a key point of the theory. It is also a delicate 
and vulnerable practice: when important interests are at stake, they may colonise the 
debate; an example described in (Saltelli et al., 2022a) is that of ethicists finding them-
selves isolated when discussing ethics of artificial intelligence in a room dominated by 
representatives of the sector. Many translate “extended peer community” as "extended 
peer review", which presupposes both a hierarchical structure (someone asks for and 
receives the review) and the implicit desire for this process to culminate in a consen-
sus—another tool for compression, reduction or simplification in line with the conserv-
ative views of the role of science mentioned above. A challenging dissection of the pros 
and cons of participation and coproduction is offered by Philip Mirowski, (2020).

2  Buying into PNS: A Personal Experience

In my pre-post-normal life, I used to torture numerical practices used in support of policies 
to identify their weaknesses and thus make them more robust. Mathematical and statis-
tical models and various forms of indicators were my hunting ground. This activity was 
criticised by mature post-normalists, who reproached me for being ’technical’. Well, what’s 
wrong with being technical, I wondered? My ’enlightenment’, so to speak, was to realise 
that my efforts to find the bug inside the model or the indicator presumed the model or the 
indicator itself. I was not asking some seemingly trivial questions: why does this model 



 A. Saltelli 

1 3

exist? Who asked for it? Who developed it? With what funding? With what aims and 
expectations? What voices were heard at the time of its construction? What are the funda-
mental assumptions about the nature of the problem addressed, and the vision of what con-
stitutes progress? At any rate, is the model a solution to a real or to a supposed problem? 
This awakening had also been fostered by many years spent studying and modelling the 
behaviour of a nuclear waste disposal a million years into the future.2 These conversations 
provided me with my first key.

Framing questions are not unique to post-normal science, and are certainly familiar to 
sociologists of science—one need only read the work of Ulrich Beck (1992), for example—
but I doubt that as a scientist trained in natural sciences I would have accessed this kind of 
sensibility without the intelligent translation work offered by post-normal authors, notably 
in what are now considered the foundational texts on the subject (Funtowicz & Ravetz, 
1990b; Ravetz, 1971). Even accepting the thesis that “the concept developed by Funtowicz 
and Ravetz is nothing more than the classic issue of sociology of knowledge and actually 
represents problems characteristic of traditional scientific cognition” (Karpińska, 2018), or 
that PNS arguments are “old wine in new bottles”, as noted by Weingart (1997)—even 
then, one has to accept the merits of the extremely effective translation offered by PNS.

Working in a much regulated and decidedly hierarchical institution such as the Euro-
pean Commission, the impact of PNS on my activity was evidently strong. I was mainly 
concerned with the development and quality control of quantitative tools (indicators, mod-
els) used in the design, monitoring and evaluation of policies. The shift from complacency 
to awareness of glaring contradictions was considerable. To give one example among 
many, I found myself moving from a technical examination of statistics and indicators of 
educational systems, to a criticism of the same indicators because of their effects in the 
power relations between states, regions and international bodies, as well as their negative 
impact on the systems themselves (Araujo et  al., 2017). Many of my best friends being 
educationalists, this also caused animated discussions; like several other times in my work, 
the problem was if one should throw out the baby of quantification with the bathwater of its 
instrumental use, to use Andy Stirling’s (2023) apt simile. In recent years many works have 
targeted the dystopian aspect of rating, rankings and algorithms (Muller, 2018; O’Neil, 
2016), also in the educational arena. I believe this line of work—of which the French 
movement of statactivists (Bruno et al., 2014) is an excellent example—is worth pursuing 
(Saltelli et al., 2022b).

As my work involved dealing with quantifications, I was influenced by the post-normal 
proposal not to produce relevant numbers without an accompanying description of their 
origin, of a pedigree such as NUSAP (Funtowicz & Ravetz, 1990b). This led me to extend 
the methodology I had already been working on for decades—sensitivity analysis (SA, 
Saltelli et  al., 2008)—to a methodology open to sociology: sensitivity auditing (Saltelli 
et al., 2013). A statement about the relevance of PNS can be found right at the beginning 
of a sensitivity analysis primer I wrote with many collaborators (Saltelli et al., 2008). To 
many number crunchers in my SA community, this surely appeared eccentric. An expert on 
social multi-criteria analysis made a similar choice in his volume on the topic, published 
the same year (Munda, 2008). Perhaps these ‘contaminations’ have been useful to popular-
ize the subject to an audience of non-sociologists of science.

2 See chapter in (Pilkey & Pilkey-Jarvis, 2009)and the supplementary material provided in (Saltelli et al., 
2020a) for a discussion.
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In a sense, my interest in PNS was a response to the institutional culture of my organi-
zation. Reading, much later in life, the critique of a so-called ‘technocratic orthodoxy’ by 
sociologist Patrick van Zwanenberg (2020), I can now see why my actions in the organi-
zation were met with frequent incomprehension or hostility. Perhaps, rather than openly 
inviting the institution to become more reflexive (Guimarães Pereira & Saltelli, 2017), I 
should have better diagnosed the elements of this orthodoxy. For example, I could have 
questioned the institution’s inclination toward a candid positivism, its deep belief in the 
neutrality of science, whereby contestation is necessarily the product of ‘special interests’ 
or ‘deniers’; its desire to support European regulation against the risk of recurring decon-
struction of official policies; its entrenched preference for quantification based on risk and 
cost benefit analyses against the need to question the necessity or possibility of new prod-
ucts or technologies. Unsurprisingly, all these elements are the object of critique by PNS. 
Reflecting now on the politics of numbers (Saltelli & Di Fiore, 2023), I formed the opinion 
that there is a political economy of quantification whereby epistemic authority is purchased 
via recourse to models whose role is to objectify—and possibly sterilize—political issues 
making them appear determined and solvable through impersonal objectivity. During the 
recent pandemic, model-based polices have been embraced under the banner ‘follow the 
science’ (Saltelli et al., 2023). This was achieved by instrumentally ignoring uncertainties 
in crucial model parameters, as well as the modellers’ bias dictated by their lifestyle and 
working habits (Winsberg, 2022; Winsberg & Harvard, 2022). The little keys of PNS can 
change one’s style of work and analysis, and open unsuspected doors.

A line of research triggered by my post-normal acquaintances and readings concerns the 
integrity of science and the crisis of science in the broadest sense, in its multiple aspects 
(Moedas et al., 2019; Saltelli & Funtowicz, 2017). This also led to my cooperation with 
statisticians, looking at the reproducibility crisis in terms of normative and epistemologi-
cal problems, trying various sociological approaches to interpret the link between science, 
technology and new communication media, also in relation to the problem of so-called 
post-truth (Saltelli & Boulanger, 2019; Saltelli & Sarewitz, 2022) and to the issue of sci-
ence’s integrity (Saltelli, 2023). Sociology and the ethics of quantification were another 
direction taken in this voyage (Di Fiore et al., 2022; Saltelli & Puy, 2023; Saltelli et al., 
2021a). Statistics remained a term of reference for an in-depth discussion of problems 
linked to mathematical models; indeed, while the discussion among statisticians is ani-
mated, that among modellers is almost inaudible. This theme is treated in several arti-
cles and a forthcoming book on the politics of modelling (Saltelli & Di Fiore, 2023) that 
includes relevant PNS contributions.

It should be noted that, as often happens in PNS, these discussions were not always 
free of controversy. To many listeners, the idea of a science in crisis, or of scientists cut-
ting corners to increase their academic prospects, was an insult, something unacceptable, 
engendering a reaction along the lines of “We do not do these things here”, or references to 
‘bad apples’, or claims that the the emergence of non-reproducibility was a proof that sci-
ence as a system was working properly (Fanelli, 2018). The fact of having published works 
with PNS contents was enough to defend myself, but not to convince all. When Nature 
published two articles informing us that the reproducibility crisis could be solved if we all 
followed the practices of physics, I tried to publish a reaction with some coauthors, but this 
remained at the preprint stage (Saltelli et al., 2021b). Interestingly, the technical journals 
did not like our line of argument, while the sociological journals said that these were old, 
well-known problems, unworthy of publication.

Based on my own experience, I have come to appreciate the keys of post-normal sci-
ence after having collided with a few closed doors or with some uncomfortable doubts 
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about the direction of progress brought about by a scientific life. Since science is increas-
ingly confronted with problems where facts are uncertain, values disputed, decision urgent 
and stakes high—think of the recent pandemic—more than a few susceptible scientists are 
realizing that perhaps the science that is needed to solve a problem cannot be the same sci-
ence that created it. With COVID-19, the discussion about PNS became in a sense more 
imperative, leading a number of us practitioners to draw on its lessons (Saltelli  et  al., 
2023;  Waltner-Toews et  al., 2020). In retrospect, who can deny the uncertainty of facts, 
the high stakes, the disagreement over values, and the urgency of decisions to be made? 
From one day to the next, we have woken up to disagreement among experts, the opacity 
of mathematical models, the essential inability of international bodies to coordinate effi-
ciently, and the success and failure of different national models, culminating in the non-
re-election of President Trump, which is credited by most precisely to his mismanagement 
of the pandemic (Bennett & Berenson, 2020; Clarke et al., 2021). Far from predicting and 
controlling events, as in the vision of normal science, we found ourselves plunged into 
a reality that resists our measures. This is more like a tale by Borges than a discourse of 
Descartes. As noted in (Waltner-Toews et al., 2020):

… this pandemic offers society an opportunity to open up a new discussion about 
learning how to do science differently. [Here] the whole world becomes an ’extended 
community of peers’, as the appropriate behaviour and attitudes of individuals and 
masses become crucial to an effective response to the virus.

This work, surprisingly translated in several languages, advocated for a new objectivity, 
constructed by accepting non-equivalent descriptions and perceptions of our interaction 
with nature.

Post-Normal attitudes constitute an ongoing challenge to new readings and approaches. 
One cannot stop at the very few ’foundational’ articles (Funtowicz & Ravetz, 1993, 1994), 
although these are illuminating texts. Accessing a post-normal sensibility implies reading 
in many directions, from the fathers of ecology to the pragmatists, from relational ecology 
to the sociology of science, from philosophers who have dealt with scientific thought to the 
field work of those who, coming from many different disciplines, have found themselves 
going against the grain in their approach to important problems relating to the environ-
ment, health, society and politics. I obviously do not mean that these and exactly these 
are the sources to draw upon in a systematic exploration of post-normal science. Rather, I 
mean to say that the latter provides an epistemological, perhaps humbly hermeneutic key 
to address today’s problems. After all, if you don’t seek to open doors, you don’t need any 
keys.

3  The critique of PNS

PNS has attracted several critiques by defenders of science. In a reply to one of my pieces 
appeared in The Conversation (Saltelli, 2016), Patrick Stokes commented that.

What worries me is that at some point these discussions can slip into a more ontolog-
ical relativism that denies the epistemic authority of science—and, by extension, sci-
entists—per se. And carrying that relativism, and the expertise-denialism it licenses, 
into practical domains has serious consequences. It’s the reason we have sections of 
the public that refuse to accept the urgent reality of climate change, and why we have 
parents who needlessly expose their children to vaccine-preventable diseases.
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You can find my reply and several others in the Journal. While the concern deserves 
respect, what’s being questioned here is whether it is permitted to challenge the epistemic 
authority of science, and where this questioning becomes necessary. One could also note 
that, like in Ibsen’s play The Enemy of People, it is almost a rule that the best intentions 
inevitably lend themselves to distortion and manipulations. Supporters of the ex-president 
Trump may argue (Haberman et al., 2023) that it “has been proven time and again he is the 
only person who will speak truth to power” (my emphasis). This does not lead us to blame 
Mahatma Gandhi for coining the expression. The fathers of PNS were presciently aware of 
this risk—and of the danger that PNS could be perverted before its full innovative potential 
could come to be realized (Funtowicz & Ravetz, 2023).3

4  Conclusions

It is important to be aware that progress is excruciatingly incremental. The scientific com-
munity is still very polarised and divided. The dialogue between what are called the great 
families of science (Crowe, 1969)—the natural sciences on the one hand, the social sci-
ences and humanities on the other—is still plagued by tenacious religious wars. Many who 
have never read a so-called postmodern author claim that postmodern thought has poisoned 
the purity of science by introducing an element of relativism, which is always accompa-
nied by the adjective ’absolute’. For them, as discussed above, post-normal science is yet 
another contraption of the sowers of doubt. To the extent that a post-normal attitude invites 
critical reflection and openness to dialogue, it becomes the enemy of consensus, which on 
hot topics in science, from climate change to genetically modified organisms, must always 
be total. In these contexts, an overtly post-normal attitude can be dangerous, especially for 
researchers at the beginning of their careers who cannot afford the luxury of alienating the 
consensus of their senior peers in the discipline.

Will society adopt this different way of doing science? The polarization of the debate on 
how to tackle the pandemic is not encouraging, nor is the similarly polarized debate on the 
origin of the virus (Pielke Jr., 2023; US Senate HELP Committee, 2022). It is imperative to 
reflect on the aspects of global governance, including scientific governance, that made the 
crisis possible and the solution difficult, despite the success of pharmaceutical technology 
that allowed the production of billions of vaccine doses in an unthinkably short time for 
use in the rich developed North (Saltelli et al., 2023).

In the post-normal reflection of (Waltner-Toews et  al., 2020), myself and the other 
authors call for a new covenant between science and society, one less reliant on a top-down 
model of science decision-making and communication, far from the intimations to “follow 
the science” that –we argued—did more to alienate than to convince. The experiment is 
ongoing.

Acknowledgements The author is grateful to six anonymous reviewers and to Falko Buschke for their 
constructive comments. A previous and different version of this piece was published in Italian in "Sci-
enza, politica e società: l’approccio post-normale in teoria e nelle pratiche", Collana SCIENZIATI IN 
AFFANNO?—I, 2022, Edited by Alba L’Astorina e Cristina Mangia, CNR Edizioni. The work was partly 
funded by the i4Driving project (Horizon 2020, Grant Agreement ID 101076165).

3 The theme of a possible perversion of a critical science (later to become PNS) is treated extensively in 
(Ravetz 1971, pp. 427–428).



 A. Saltelli 

1 3

Funding Open access funding provided by University of Bergen (incl Haukeland University Hospital).

Declarations 

Conflict of interest The corresponding author states that there is no conflict of interest.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Araujo, L., Saltelli, A., & Schnepf, S. V. (2017). Do PISA data justify PISA-based education policy? Inter-
national Journal of Comparative Education and Development, 19(1), 20–34. https:// doi. org/ 10. 1108/ 
IJCED- 12- 2016- 0023

Beck, P. U. (1992). Risk society: Towards a new modernity. Sage Publications.
Bennett, B., & Berenson, T. (2020). How Donald Trump lost the election. Time. https:// time. com/ 59079 73/ 

donald- trump- loses- 2020- elect ion/
Bruno, I., Didier, E., & Prévieux, J. (2014). Statactivisme. Comment lutter avec des nombres. Édition La 

Découverte.
Clarke, H., Stewart, M. C., & Ho, K. (2021). Did Covid-19 kill trump politically? The pandemic and vot-

ing in the 2020 presidential election. Social Science Quarterly, 102(5), 2194–2209. https:// doi. org/ 10. 
1111/ ssqu. 12992

Crowe, B. L. (1969). The tragedy of the commons revisited. Science, 166(3909), 1103–1107.
de Solla Price, D. J. (1963). Little science, big science. Columbia University Press.
Di Fiore, M., Kuc Czarnecka, M., Lo Piano, S., Puy, A., & Saltelli, A. (2022). The challenge of quantifica-

tion: An interdisciplinary reading. Minerva, 61, 53–70. https:// doi. org/ 10. 1007/ s11024- 022- 09481-w
Fanelli, D. (2018). Opinion: Is science really facing a reproducibility crisis, and do we need it to? Proceed-

ings of the National Academy of Sciences of the United States of America, 115(11), 2628–2631. https:// 
doi. org/ 10. 1073/ pnas. 17082 72114

Funtowicz, S., & Ravetz, J. R. (1990a). Post-normal science: A new science for new times. Scientific Euro-
pean, 169, 20–22.

Funtowicz, S., & Ravetz, J. R. (1990b). Uncertainty and quality in science for policy. Kluwer. https:// doi. 
org/ 10. 1007/ 978- 94- 009- 0621-1_3

Funtowicz, S., & Ravetz, J. R. (1991). Connaissance utile, ignorance utile? In J. Theys & B. Kalaora (Eds.), 
La Terre outragée. Editions Autrement.

Funtowicz, S., & Ravetz, J. R. (1993). Science for the post-normal age. Futures, 25(7), 739–755. https:// doi. 
org/ 10. 1016/ 0016- 3287(93) 90022-L

Funtowicz, S., & Ravetz, J. R. (1994). The worth of a songbird: Ecological economics as a post-normal sci-
ence. Ecological Economics, 10(3), 197–207. https:// doi. org/ 10. 1016/ 0921- 8009(94) 90108-2

Funtowicz, S., & Ravetz, J. R. (2023, August 14). PNS [Personal communication].
Guimarães Pereira, Â., & Saltelli, A. (2017). Post-normal institutional identities: Quality assurance, reflex-

ivity and ethos of care. Futures, 91, 53–61. https:// doi. org/ 10. 1016/j. futur es. 2016. 11. 009
Haberman, M., Swan, J., & Feuer, A. (2023). ‘Biased.’ ‘Corrupt.’ ‘Deranged.’ Trump’s Taunts Test Lim-

its of Release. The New York Times. https:// www. nytim es. com/ 2023/ 08/ 16/ us/ polit ics/ trump- chutk an- 
2020- elect ion- truth- social. html

Harding, S. (1995). “Strong Objectivity”: A response to the new objectivity question. Synthese, 104(3), 
331–349.

Karpińska, A. (2018). Post-normal science. The escape of science: From truth to quality. Social Epistemol-
ogy, 32(5), 338–350. https:// doi. org/ 10. 1080/ 02691 728. 2018. 15311 57

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1108/IJCED-12-2016-0023
https://doi.org/10.1108/IJCED-12-2016-0023
https://time.com/5907973/donald-trump-loses-2020-election/
https://time.com/5907973/donald-trump-loses-2020-election/
https://doi.org/10.1111/ssqu.12992
https://doi.org/10.1111/ssqu.12992
https://doi.org/10.1007/s11024-022-09481-w
https://doi.org/10.1073/pnas.1708272114
https://doi.org/10.1073/pnas.1708272114
https://doi.org/10.1007/978-94-009-0621-1_3
https://doi.org/10.1007/978-94-009-0621-1_3
https://doi.org/10.1016/0016-3287(93)90022-L
https://doi.org/10.1016/0016-3287(93)90022-L
https://doi.org/10.1016/0921-8009(94)90108-2
https://doi.org/10.1016/j.futures.2016.11.009
https://www.nytimes.com/2023/08/16/us/politics/trump-chutkan-2020-election-truth-social.html
https://www.nytimes.com/2023/08/16/us/politics/trump-chutkan-2020-election-truth-social.html
https://doi.org/10.1080/02691728.2018.1531157


What is Post-normal Science? A Personal Encounter  

1 3

Mirowski, P. (2020). Democracy, Expertise and the Post-Truth Era: An Inquiry into the Contemporary Poli-
tics of STS. Academia.Eu, April. https:// www. acade mia. edu/ 42682 483/ Democ racy_ Exper tise_ and_ 
the_ Post_ Truth_ Era_ An_ Inqui ry_ into_ the_ Conte mpora ry_ Polit ics_ of_ STS

Moedas, C., Vernos, I., Kuster, S., Nowotny, H., Saltelli, A., Mungiu-Pippidi, A., Vasbinder, J. W., Brooks, 
D. R., & Cunningham, P. (2019). Views from a continent in flux. Nature, 569, 481–484.

Muller, J. Z. (2018). The tyranny of metrics. Princeton University Press.
Munda, G. (2008). Social multi-criteria evaluation for a sustainable economy. Springer.
Newman, J. (2018). Newman 2018 Contingent Opacity and the Distribution of Epistemic Responsibility.

docx. Keynote Talk at SAS Conference on Epistemic Opacity HLRS Stuttgart. https:// www. acade mia. 
edu/ 38186 134/ Newman_ 2018_ Conti ngent_ Opaci ty_ and_ the_ Distr ibuti on_ of_ Epist emic_ Respo nsibi 
lity_ docx

O’Neil, C. (2016). Weapons of math destruction: How big data increases inequality and threatens democ-
racy. Random House Publishing Group.

Pielke Jr., R. (2023, March 13). The COVID-19 Origins Debate Opens Up. The Honest Broker. https:// 
roger pielk ejr. subst ack. com/p/ the- covid- 19- origi ns- debate- opens

Pilkey, O. H., & Pilkey-Jarvis, L. (2009). Useless arithmetic: Why environmental scientists can’t predict 
the future. Columbia University Press.

Post-normal science. (2011). RationalWiki. https:// ratio nalwi ki. org/ wiki/ Post- normal_ scien ce
Ravetz, J. R. (1971). Scientific knowledge and its social problems. Oxford University Press.
Rayner, S. (2012). Uncomfortable knowledge: The social construction of ignorance in science and envi-

ronmental policy discourses. Economy and Society, 41(1), 107–125. https:// doi. org/ 10. 1080/ 03085 
147. 2011. 637335

Saltelli, A. (2016). Science in crisis: From the sugar scam to Brexit, our faith in experts is fading. The 
Conversation. https:// doi. org/ 10. 1371/ journ al. pmed. 10020 49

Saltelli, A. (2023). Teaching scientific research integrity: A case study. Innovations in Education and 
Teaching International. https:// doi. org/ 10. 1080/ 14703 297. 2023. 22379 49

Saltelli, A., Andreoni, A., Drechsler, W., Ghosh, J., Kattel, R., Kvangraven, I. H., Rafols, I., Reinert, 
E. S., Stirling, A., & Xu, T. (2021). Why ethics of quantification is needed now. UCL Institute for 
Innovation and Public Purpose (WP 2021/05). UCL Institute for Innovation and Public Purpose.

Saltelli, A., Bammer, G., Bruno, I., Charters, E., Di Fiore, M., Didier, E., Nelson Espeland, W., Kay, J., 
Lo Piano, S., Mayo, D., Pielke, R., Jr., Portaluri, T., Porter, T. M., Puy, A., Rafols, I., Ravetz, J. R., 
Reinert, E. S., Sarewitz, D., Stark, P. B., et al. (2020a). Five ways to ensure that models serve soci-
ety: A manifesto. Nature, 582, 482–484.

Saltelli, A., Benini, L., Funtowicz, S., Giampietro, M., Kaiser, M., Reinert, E. S., & van der Sluijs, J. P. 
(2020b). The technique is never neutral. How methodological choices condition the generation of 
narratives for sustainability. Environmental Science and Policy, 106, 87–98.

Saltelli, A., & Boulanger, P.-M. (2019). Technoscience, policy and the new media. Nexus or vortex? 
Futures, 115, 102491.

Saltelli, A., Dankel, D. J., Di Fiore, M., Holland, N., & Pigeon, M. (2022a). Science, the endless frontier 
of regulatory capture. Futures, 135, 102860. https:// doi. org/ 10. 1016/j. futur es. 2021. 102860

Saltelli, A., & Di Fiore, M. (Eds.). (2023). The politics of modelling. Oxford University Press.
Saltelli, A., Di Fiore, M., & Spanò, F. (2021). Physics to the rescue? ArXiv, 2107.07239. https:// doi. org/ 

10. 48550/ arXiv. 2107. 07239
Saltelli, A., & Funtowicz, S. (2017). What is science’s crisis really about? Futures, 91, 5–11.
Saltelli, A., Guimaraes Pereira, Â., van der Sluijs, J. P., & Funtowicz, S. (2013). What do I make of your 

latinorumc Sensitivity auditing of mathematical modelling. International Journal of Foresight and 
Innovation Policy, 9(2/3/4), 213–234. https:// doi. org/ 10. 1504/ IJFIP. 2013. 058610

Saltelli, A., & Puy, A. (2023). What can mathematical modelling contribute to a sociology of quantifica-
tion? Humanities and Social Sciences Communications. https:// doi. org/ 10. 2139/ ssrn. 42124 53

Saltelli, A., Ratto, M., Andres, T. H., Campolongo, F., Cariboni, J., Gatelli, D., Saisana, M., & Taran-
tola, S. (2008). Global sensitivity analysis: The primer. John Wiley. https:// doi. org/ 10. 1002/ 97804 
70725 184

Saltelli, A., & Sarewitz, D. (2022, March). Reformation in the Church of Science. The New Atlantis, 68. 
https:// www. thene watla ntis. com/ publi catio ns/ refor mation- in- the- church- of- scien ce

Saltelli, A., Sturmberg, J. P., Sarewitz, D., & Ioannidis, J. P. A. (2023). What did COVID-19 really teach 
us about science, evidence and society? Journal of Evaluation in Clinical Practice. https:// doi. org/ 
10. 1111/ jep. 13876

Saltelli, A., Theben, A., & Scandurra, R. (2022b). Smashing the glasshouse. Diminishing the prestige of 
measures of higher education. SocArXiv. https:// doi. org/ 10. 31235/ osf. io/ fu5r4

https://www.academia.edu/42682483/Democracy_Expertise_and_the_Post_Truth_Era_An_Inquiry_into_the_Contemporary_Politics_of_STS
https://www.academia.edu/42682483/Democracy_Expertise_and_the_Post_Truth_Era_An_Inquiry_into_the_Contemporary_Politics_of_STS
https://www.academia.edu/38186134/Newman_2018_Contingent_Opacity_and_the_Distribution_of_Epistemic_Responsibility_docx
https://www.academia.edu/38186134/Newman_2018_Contingent_Opacity_and_the_Distribution_of_Epistemic_Responsibility_docx
https://www.academia.edu/38186134/Newman_2018_Contingent_Opacity_and_the_Distribution_of_Epistemic_Responsibility_docx
https://rogerpielkejr.substack.com/p/the-covid-19-origins-debate-opens
https://rogerpielkejr.substack.com/p/the-covid-19-origins-debate-opens
https://rationalwiki.org/wiki/Post-normal_science
https://doi.org/10.1080/03085147.2011.637335
https://doi.org/10.1080/03085147.2011.637335
https://doi.org/10.1371/journal.pmed.1002049
https://doi.org/10.1080/14703297.2023.2237949
https://doi.org/10.1016/j.futures.2021.102860
https://doi.org/10.48550/arXiv.2107.07239
https://doi.org/10.48550/arXiv.2107.07239
https://doi.org/10.1504/IJFIP.2013.058610
https://doi.org/10.2139/ssrn.4212453
https://doi.org/10.1002/9780470725184
https://doi.org/10.1002/9780470725184
https://www.thenewatlantis.com/publications/reformation-in-the-church-of-science
https://doi.org/10.1111/jep.13876
https://doi.org/10.1111/jep.13876
https://doi.org/10.31235/osf.io/fu5r4


 A. Saltelli 

1 3

Scoones, I., & Stirling, A. (2020). The politics of uncertainty (I. Scoones & A. Stirling, Eds.). Rout-
ledge. https:// doi. org/ 10. 4324/ 97810 03023 845

Stirling, A. (2023). Mind the unknown: Exploring the Politics of Ignorance in Mathematical Models. In 
A. Saltelli & M. Di Fiore (Eds.), The politics of modelling. Numbers between science and policy. 
Oxford: Oxford University Press.

Tainter, J. A., Allen, T. F. H., & Hoekstra, T. (2001). Complexity, Energy Transformation and Post-
Normal Science. In Proceedings of the Second Biennial International Workshop on Advances in 
Energy Studies (pp. 293–304).

Tainter, J. A., Allen, T. F. H., & Hoekstra, T. (2006). Energy transformations and post-normal science. 
Energy, 31(1), 44–58. https:// doi. org/ 10. 1016/j. energy. 2004. 06. 002

US Senate HELP Committee. (2022). Senate HELP Committee Minority Oversight Staff Releases Interim 
Report Analyzing Origins of COVID-19 Pandemic | The U.S. Senate Committee on Health, Educa-
tion, Labor & Pensions. https:// www. help. senate. gov/ ranki ng/ newsr oom/ press/ senate- help- commi ttee- 
minor ity- overs ight- staff- relea ses- inter im- report- analy zing- origi ns- of- covid- 19- pande mic

van Zwanenberg, P. (2020). The unravelling of technocratic ortodoxy. In I. Scoones & A. Stirling (Eds.), The 
politics of uncertainty (pp. 58–72). Routledge.

Waltner-Toews, D., Biggeri, A., De Marchi, B., Funtowicz, S., Giampietro, M., O’Connor, M., Ravetz, J. 
R., Saltelli, A., & van der Sluijs, J. P. (2020). Post-normal pandemics: Why COVID-19 requires a new 
approach to science. STEPS Centre. https:// steps- centre. org/ blog/ postn ormal- pande mics- why- covid- 
19- requi res-a- new- appro ach- to- scien ce/

Weingart, P. (1997). From “Finalization” to “Mode 2”: Old wine in new bottles? Social Science Informa-
tion, 36(4), 591–613. https:// doi. org/ 10. 1177/ 05390 18970 36004 002

Wesselink, A., & Hoppe, R. (2011). If post-normal science is the solution, what is the problem?: The 
politics of activist environmental science. Science, Technology, and Human Values, 36(3), 389–412. 
https:// doi. org/ 10. 1177/ 01622 43910 385786

Winsberg, E. (Director). (2022). Moral models: Crucial decisions in the age of computer simulation. https:// 
www. youtu be. com/ watch? v=_ cgCTK 17ics

Winsberg, E., & Harvard, S. (2022). Purposes and duties in scientific modelling. Journal of Epidemiology 
and Community Health, 76(5), 512–517. https:// doi. org/ 10. 1136/ jech- 2021- 217666

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Andrea Saltelli is presently visiting researcher at different European research institutions. His main discipli-
nary focus is on sensitivity analysis of model output, a discipline where statistical tools are used to interpret 
the output from mathematical or computational models, and on sensitivity auditing, an extension of sensi-
tivity analysis to the entire evidence-generating process in a policy context. Andrea’s most recent papers 
have tackled sensitivity analysis and auditing, the ecological footprint, the future of statistics, the rational 
of evidence-based policy, the crisis of science, the post-truth discussion, regulatory capture, impact assess-
ment, lessons learned from the pandemics, and the bioeconomy - see www. andre asalt elli. eu. Andrea gives 
courses in sensitivity analysis, sensitivity auditing, science integrity, and ethics of quantification. In summer 
2023 a book entitled “The Politics of Modelling, Numbers between Science and Policy”, was published by 
Oxford University Press, where he contributed as editor and author.

https://doi.org/10.4324/9781003023845
https://doi.org/10.1016/j.energy.2004.06.002
https://www.help.senate.gov/ranking/newsroom/press/senate-help-committee-minority-oversight-staff-releases-interim-report-analyzing-origins-of-covid-19-pandemic
https://www.help.senate.gov/ranking/newsroom/press/senate-help-committee-minority-oversight-staff-releases-interim-report-analyzing-origins-of-covid-19-pandemic
https://steps-centre.org/blog/postnormal-pandemics-why-covid-19-requires-a-new-approach-to-science/
https://steps-centre.org/blog/postnormal-pandemics-why-covid-19-requires-a-new-approach-to-science/
https://doi.org/10.1177/053901897036004002
https://doi.org/10.1177/0162243910385786
https://www.youtube.com/watch?v=_cgCTK17ics
https://www.youtube.com/watch?v=_cgCTK17ics
https://doi.org/10.1136/jech-2021-217666
www.andreasaltelli.eu

	What is Post-normal Science? A Personal Encounter
	Abstract
	1 Introduction: What is Post-normal Science?
	2 Buying into PNS: A Personal Experience
	3 The critique of PNS
	4 Conclusions
	Acknowledgements 
	References


