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Chapter 1: What is Science? 

Science is a Darwinian process. Darwin proposed that organisms evolve via a dual process of 

variation and selection.  We are still trying to understand the details of this process, but in 

outline it is perfectly clear. Organisms vary; a population will consist of individuals that differ in 

many ways. In a given environment, some of those variants will work better than others and 

allow them to have more fertile offspring than the rest. Those offspring will inherit some of the 

good adaptive features of their parents, and so on.  

Science works the same way. Variation consists in the hypotheses that occur to the scientist; 

selection is the tests to which they are subjected. Where do hypotheses come from?  We don’t 

really know. Part of the answer is induction, collecting observations until we see some kind of 

order, a pattern. “I must begin with a good body of facts, and not from principle, in which I 

always suspect some fallacy" wrote Charles Darwin1, and indeed he did, collecting and 

observing everything he could think of during a five-year voyage2 around the world in the early 

1830s before he came up with his great hypothesis in 1837. The  18th century biologist Carolus 

Linnaeus arrived at his classification of organisms from species at the bottom to class and order 

at the top only after scrupulously observing many characteristics of many species. His scheme 

provided the data set that later supported Darwin’s idea of evolution. Linnaeus’ classification has 

had to be much modified over the years as we learned more biology.  On the other hand, 19th 

century chemist Dmitri Mendeleev studied the properties of elements known at the time and 

came up with his periodic table3, which not only remains valid but has led to the discovery of 

new elements.   

So, systematic observation allows for the detection of patterns and hypotheses via induction. But 

hypotheses can also come from a sort of intuition, from the workings of the unconscious mind. 

Psychologists do not understand the unconscious4. A few have reacted against the whole idea. It 

exists, nevertheless. A good description of how it works in science is in  Beveridge’s classic The 

Art of Scientific Investigation: 

First comes awareness of some difficulty or problem which provides the stimulus. This is 

followed by a suggested solution springing into the conscious mind. Only then does 

 

1 Darwin, F. (1888). Life and Letters of C. Darwin. John Murray, London. In 1838 (he wrote later) “ I had at last got 

a theory by which to work”: evolution by natural selection. See Darwin and the scientific method. Francisco J. Ayala 

(2009). 
2 Charles Darwin (1839)  The Voyage of the Beagle (John Murray)  
3 https://www.asbmb.org/asbmb-today/science/020721/a-brief-history-of-the-periodic-

table#:~:text=In%201869%2C%20Russian%20chemist%20Dmitri,group%20he%20would%20rearrange%20them. 
4 Staddon, John (2021) The New Behaviorism: Foundations of behavioral science,, (3rd edition)  Routledge Press, 

especially Chapter 1.  

https://www.pnas.org/doi/10.1073/pnas.0901404106#:~:text=%E2%80%9CWhat%20Darwin%20meant%20by%20'a,over%20long%20periods%20of%20time.
https://www.asbmb.org/asbmb-today/science/020721/a-brief-history-of-the-periodic-table#:~:text=In%201869%2C%20Russian%20chemist%20Dmitri,group%20he%20would%20rearrange%20them
https://www.asbmb.org/asbmb-today/science/020721/a-brief-history-of-the-periodic-table#:~:text=In%201869%2C%20Russian%20chemist%20Dmitri,group%20he%20would%20rearrange%20them


reason come into play to examine and reject or accept the idea. If the idea is rejected, our 

mind reverts to the previous stage and the process is repeated. The important thing to 

realise is that the conjuring up of the idea is not a deliberate, voluntary act. It is 

something that happens to us rather than something we do [emphasis added]. 

A famous report of this process is from the German organic chemist August Kekulé5 who in 

1869 was puzzling over the chemical structure of benzene. He was writing a textbook, but…  

…it did not go well; my spirit was with other things. I turned the chair to the fireplace 

and sank into a half sleep. The atoms flitted before my eyes. Long rows, variously, more 

closely, united; all in movement wriggling and turning like snakes. And see, what was 

that? One of the snakes seized its own tail and the image whirled scornfully before my 

eyes. As though from a flash of lightning I awoke; I occupied the rest of the night in 

working out the consequences of the hypothesis6… 

The hypothesis being that the benzene molecule is not a chain or branching structure, as seen in 

all other organic molecules then known, but a ring, a completely novel structure at that time 

<Figure 1.1>.   

After variation comes selection which consists in the testing of hypotheses. A scientific 

hypothesis must allow for testing of a special type. I give details in later chapters; suffice it to 

say here that scientific testing has certain special characteristics. First it must be third-party 

accessible. It’s not enough to say, “Well that idea feels right to me”. The truth of the idea must 

be demonstrable to someone else, to a skeptic. And the demonstration must be repeatable, at least 

that’s the ideal. It means that phenomena like UFOs, miracles, visions, spirits that appear 

unpredictably in an old house late at night, resist inclusion in science. These things may be real, 

but since they are not repeatable, the scientific verdict must be “don’t know.” 

Most hypotheses are wrong: “...I cannot remember a single first-formed hypothesis which had 

not  after a time to be given up or greatly modified” wrote Darwin. Many tests must be done 

before a satisfactory hypothesis is found and confirmed. “Let me tell you the secret that has led 

me to my goal. My only strength lies in my tenacity” wrote the great physiologist Louis Pasteur7. 

In other words, success in science is often preceded by a long string of failures, a feature to 

 

5 https://www.nature.com/articles/465036a 
6 Kekulé, F. A., quoted by Baker, J. R. (1942). The Scientific Life. George Allen & Unwin Ltd., London.. 
7 Dubos, Rene J. (1950). Louis Pasteur: Freelance of Science. Little, Brown & Co., Boston. 

https://www.nature.com/articles/465036a


which the current US scheme of science funding, mostly in the form of short-term 3-5 year 

projects, is ill-suited8.  

The Faith of Science 

Science is sometimes equated with reason and reason is sometimes equated with logic. Not that 

science doesn’t use logic; of course it does. But it depends on much more than logic. Logic is 

irrefutable, tautologous. A mathematician may come up with a new proof or new implication of 

existing premises. He cannot discover a new fact about the world. 

Science is an activity and like all motivated, voluntary activity reflects certain values. The values 

on which science depends lie outside of science. They are not provable, they are not scientific 

facts, you either believe them or not. It is worth spending a little time on the values/science issue, 

if only to dispel two myths: that science is just the application of pure reason; and that science 

can provide everything needed to live a moral life — a secular morality better than 

‘nonscientific’ alternatives.  

Values 

Some values are innate, the avoidance of pain, hunger, sexual attraction, etc. Others are provided 

by culture. The Christian religion provided core moral values in the West for several centuries, 

but in the last few decades, or perhaps ever since Darwin, it has lost its power. Religious sects 

remain, but are much divided and many Christians seem to be absorbing the values of secular 

humanists, who believe their values, unlike the values derived from religion, are somehow 

objectively verifiable. Secularists promise to provide values without superstition — no more 

reliance on unprovable deities and improbable historical events. 

They are wrong9. Secularists who believe that science can substitute for religion miss 

philosopher David Hume’s point, that without a motive, facts by themselves lead to no action: 

“Reason is, and ought only to be the slave of the passions, and can never pretend to any other 

office than to serve and obey them.”10  Actions have motives, the facts revealed by science are 

not in themselves motives.  

 

8 Physicist Robert Brown in an eloquent blog describes how he quit the field in frustration at this wasteful process. 

https://wattsupwiththat.com/2014/10/06/real-science-debates-are-not-rare 
9 https://quillette.com/2019/04/28/values-even-secular-ones-depend-on-faith-a-reply-to-jerry-coyne/ 
10 See Science and Morals: Can morality be deduced from the facts of science? Suppose you are told “Five creatures 

will die unless you help.” Your reaction will be very different if the creatures turn out to be “ants” rather than  

“babies.” 

 

https://wattsupwiththat.com/2014/10/06/real-science-debates-are-not-rare
https://quillette.com/2019/04/28/values-even-secular-ones-depend-on-faith-a-reply-to-jerry-coyne/
https://possumc0b.substack.com/p/science-and-morals-can-morality-be


Hume’s distinction between fact and passion is easy to forget since some facts seem to cry out 

for action. The point is that facts — of science or simply of experience — are like a map: they 

can show how to get to a destination. They cannot choose the destination.  They provide means, 

not ends.  

Science is an activity; all activity depends on certain assumptions/beliefs. Science depends on 

certain unprovable beliefs; without them it is impossible.  Here is a short list of the beliefs that 

underlie science.  

Truth 

Science is a search for verifiable truth. Verifiable because “personal truth”, “lived experience”, 

etc. will not do. Standpoint epistemology — the frivolous idea that we each have our own truth 

— is incompatible with science. Science cannot proceed without a belief, explicit or implicit, 

that nature has some fixed properties, independent of the vagaries of different observers, which 

the scientific method can uncover. This belief is a matter of faith: faith that an understanding 

achieved yesterday will still hold today; and that an apparently capricious process today may 

yield to our methods tomorrow.  Yet, some phenomena may be genuinely random and as Hume 

also pointed out, induction is not proof. The fact that something worked many times in the past is 

not proof that it will work next time. We nevertheless accept order and stability as matters of 

faith that allow science to proceed. 

It is inconceivable that science could be carried on without belief in some fixed truth. It is hard to 

imagine a search for truth without a faith that there is a truth to be found. A corollary is that truth 

must be worth finding, valuable in and of itself.  All of this is necessary to do science, but cannot 

be proved by science.  

Curiosity 

Belief in the value of verifiable facts is inseparable from the curiosity that leads us to seek them 

out. Not all cultures favor untrammeled curiosity. There is an amusing passage in Lawrence 

James’ 1998 book The Raj11 where a “liberal-minded” 18th-century Brahmin, given a microscope 

by an English gentleman, soon destroyed it “telling his friend that what he had seen had left him 

‘tormented by doubt and perplexed by mystery’ to the point where he imagined his ‘soul was 

 

11 The Raj: The making and unmaking of British India. (New York: St. Martin’s Press), p. 173, 



imperiled.’”  This will seem absurd to most people today, but just substitute “racial differences in 

IQ” for “animalculae” and many modern audiences will be just as upset12 as the Brahmin.   

Curiosity is not always favored even by cultures that are far from primitive.  Yet without it, 

science cannot advance. “How do they know?” is basic to science. Of course, much must be 

taken on trust, the individual cannot test every belief. He must sometimes rely in authority or 

consensus.  There is no rule to help him decide. But if a claim is in doubt, inquiry is always 

justified.  

Fact vs. passion 

Some facts point to action: a new disease demands a cure, an impending flood demands flight, a 

newly discovered toxin requires warnings and an antidote. “Science studies” guru Bruno 

Latour13 (“to state the fact and to ring the bell is one and the same thing”) claims that the moral 

and the factual are inseparable. Too many scientists and scientific organizations believe him, 

even though the ability to separate fact from value is essential to science.   

The first response of a scientist to any factual claim should be “Is it true?” Only after that 

question is answered, should he worry about its good or bad implications. Facts are the business 

of science; the actions to which they may point are the business of ethics, religion and politics — 

informed by science, to be sure — but not part of science. A functioning scientist must be able to 

separate passion from fact: “A scientific man ought to have no wishes, no affections, a mere 

heart of stone” in the words of a supreme scientist, Charles Darwin14. 

Faith in a stable natural order 

Weather changes from day to day, but we do not infer that the laws of physics have changed. We 

may get different results from the same experiment on different days, but we blame the 

experimental procedure or our own misunderstanding, not a variable nature. This was not always 

obvious. Some religions teach that nature, in the form of a supreme being or beings, is in fact 

capricious15. Only if God is rational and orderly does it make sense for a believer, such as Isaac 

 

12 https://www.mindingthecampus.org/2023/05/02/wikibias-how-wikipedia-erases-fringe-theories-and-enforces-

conformity/ 
13 https://www.nytimes.com/2018/10/25/magazine/bruno-latour-post-truth-philosopher-science.html 
14 Letter to T. H. Huxley (9 July 1857). Personally, Darwin was a kindly fellow, who was devastated when his 10-

year-old daughter Annie died (probably of scarlet fever).  
15 See Hillel Ofek: Why the Arabic World Turned Away from Science: On the lost Golden Age and the rejection of 

reason. https://www.thenewatlantis.com/publications/why-the-arabic-world-turned-away-from-science. See also 

Stanley L. Jaki, The Savior of Science (Regnery Gateway 1988); and see J. Al-Khalili Pathfinders: The golden age 

of Arabic science (Allen Lane, 2010) for contrary view. 

https://www.mindingthecampus.org/2023/05/02/wikibias-how-wikipedia-erases-fringe-theories-and-enforces-conformity/
https://www.mindingthecampus.org/2023/05/02/wikibias-how-wikipedia-erases-fringe-theories-and-enforces-conformity/
https://www.nytimes.com/2018/10/25/magazine/bruno-latour-post-truth-philosopher-science.html
https://www.thenewatlantis.com/publications/why-the-arabic-world-turned-away-from-science


Newton, and many other Christian scientists, to search for order16. Without faith in a stable 

natural order, science has no point.  

Honesty 

Knowledge cannot be acquired without honesty. The facts, all of them, must be honestly reported 

and arguments must not be consciously false.  

Open debate 

Science is a social activity. For every Isaac Newton “voyaging through strange seas of thought 

alone” there are hundreds of scientists, especially in non-mathematical areas, who arrive at truth 

by discussing facts and reasons with others. Open debate is essential to science. The ability to 

separate facts from the emotions they arouse is essential to free, productive discussion.   

Sharing 

A scientist must be willing to share his discoveries. When and how this is done has varied from 

time to time and is a practical as well as a moral issue.  I was shocked a few years ago, as the 

guest of a very talented Mexican researcher, to hear him reject the idea of publishing his 

research. (Perhaps he had been unfairly rejected in the past? I don’t know.)  He thought he was 

doing science, but he was mistaken. There are many problems in this area — incentives, priority, 

negative results — which mean that the scientific community has yet to reach agreement on the 

best ways to share. But ultimately, a scientific result, as well as the empirical data on which it is 

based, must be shared. 

Values opposed to science. 

Some values are either opposed to science or represent a misleading view of what science is.  

Consensus 

Physicist John Ziman17 many years ago highlighted the social dimension of science. He pointed 

out that scientific fact is established through the achievement of a scientific consensus. But 

consensus is not itself a scientific value. Truth often leads to consensus, but the reverse is not 

true. The way consensus is achieved is what matters. Facts and arguments are legitimate 

 

16 A useful review of Newton’s views on the Christian religion is Newton -- Rationalizing Christianity, or Not? A 

general-audience talk by Rosalind Picard.  
17 Ziman, J.  (1968) Public knowledge: The social dimension of science.  Cambridge University Press. 

https://web.media.mit.edu/~picard/personal/Newton.php


persuaders; social pressure is not. The unanimity of a crowd means nothing if each individual has 

not satisfied himself of the scientific validity of the position he is supporting.  

The fact that true scientific facts often gain universal assent seems to have led some historians of 

science18 to “affirm the consequent”: because truth often leads to consensus, consensus implies 

truth. “If it is true, most scientists will accept it” is not the same as “Scientists accept it and 

therefore it is true.”  Unfortunately a consensus can sometimes be attained by non-scientific 

means, by clever rhetoric and group pressure19. But since truth is the aim, not consensus, rhetoric 

and pressure aimed at achieving consensus are anti-science.  

Ad Hominem criticism 

The content of a scientific claim should be evaluated independently of its source.  Fortunately for 

technological civilization, William Shockley’s unpopular views on race and eugenics came well 

after the physics community happily accepted his discovery of the transistor. Had things 

happened the other way round, microelectronics might have been much delayed. The widowed 

Marie Curie was advised not to attend the meeting where she was to get her (second!) Nobel 

award, because the chairman of the committee (Svante Arrhenius whose own work on carbon 

dioxide is a main ingredient in the CO2-makes-global-warming story) disapproved of the scandal 

caused by  her subsequent affair with a married man. She attended anyway, her findings intact.  

Science is harmed when an idea cannot be examined because of the reputation of those who 

espouse it. Pioneer behaviorist John B. Watson had to leave academe because of an affair with 

his then student (subsequently wife) Rosalie Rayner, leaving the field of behaviorism to be 

explored by others. Watson was a creative fellow; behavioral psychology would certainly have 

benefitted by his participation. Instead, he devoted his life to a much less noble activity: 

advertising.  Another Watson, James, a Nobel laureate for his co-discovery (with Francis Crick 

and Maurice Wilkins) of the double-helix structure of DNA, has often spoken frankly about 

forbidden subjects. He lost his position as chancellor of the Cold Spring Harbor Laboratory on 

Long Island as a consequence of honest, but controversial, statements about race and 

intelligence20.  

Science is gravely injured when the emotional impact of an idea is allowed to affect the 

reputations of those who study it, when fact is not detached from passion, when the idea alone is 

allowed to “ring the bell”. This conflation of the personal and the factual has blighted the field of 

 

18 See, for example, Whatever Happened to History of Science? How Scholarship Became Politicized Story-Telling 
19 Staddon, J. (2020) Science and Activism: Should scientists also persuade, or should facts speak for themselves? 
20 “James Watson Had a Chance to Salvage His Reputation on Race. He Made Things Worse.” New York Times. Jan 

2, 2019, and First a hero of science and now a martyr to science: the James Watson Affair. 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3696580
https://www.psychologytoday.com/us/blog/adaptive-behavior/202004/science-and-activism
https://pubmed.ncbi.nlm.nih.gov/18420353/


individual differences21, particularly cognitive differences and especially when the issue is 

differences between the sexes or between identifiable populations such as blacks vs. whites. The 

“fact vs. passion” imperative means that an idea must first be investigated for itself, 

independently of who proposes it.  

The prestigious general science magazine Nature recently proclaimed22: “Science and politics 

are inseparable…” Involvement with politics can bias science. The problem is minimal when the 

science is, say, X-ray crystallography, the specialty of avowed Marxist J. D. Bernal, or spinose 

microfossils, a specialty of Professor Phoebe Cohen23, who advocated the cancellation of a 

speaker because of his views on affirmative action, a topic unrelated to his planned talk. But 

when the area of research involves an incendiary topic — basically anything related to human 

individual differences — there is just too much passion. In these areas, allowing politics to 

intrude is absolutely fatal to the science24. 

Indigenous Knowledge 

“Traditional Knowledge ranges from medicinal properties of plants and insights into the value of 

biological diversity to caribou migration patterns and the effects of intentional burning of the 

landscape to manage particular resources25.” It is increasingly valued today, sometimes in 

opposition to scientific knowledge.  But there is no opposition, given that indigenous knowledge 

comes in three varieties: (a) testable hypotheses; (b) hypotheses testable in principle but difficult 

in practice; (c) untestable ideas.  

Examples of (a) are medicinal properties of plants, e.g., cinchona bark (quinine) and of (b) 

historical claims of ancestral relationship and location26. (c) includes untestable claims about 

gods, spirits, sacred ground, etc. Factual hypotheses, testable in principle, groups (a) and (b), are 

part of science, no matter what their source. Only (c), untestable ideas, fall outside of science as 

do many religious beliefs and moral claims, no matter what their source.   

 

21 How Stifling Debate Around Race, Genes and IQ Can Do Harm 
22 https://www.nature.com/articles/d41586-020-02797-1 
23 https://possum3e0.substack.com/p/science-versus-sentimentality-and?utm_source=post-email-

title&publication_id=323491&post_id=83569988&isFreemail=false&utm_medium=email 
24 This issue has been around for a while. In 1934, (Nature, Jan 13) for example, famous British Marxist biologist J. 

B. S Haldane reacted favorably to a proposal that scientific societies should stay out of politics, a stricture now 

routinely violated (see NAS quote above), while defending the right of individual scientists to become politically 

involved.  
25 https://www.smithsonianmag.com/science-nature/why-science-takes-so-long-catch-up-traditional-knowledge-

180968216/ 
26 See. for example, https://www.amazon.com/Repatriation-Erasing-Past-Elizabeth-

Weiss/dp/1683401573?asin=1683401573&revisionId=&format=4&depth=1 

 

https://link.springer.com/article/10.1007/s40806-018-0152-x
https://www.nature.com/articles/d41586-020-02797-1
https://possum3e0.substack.com/p/science-versus-sentimentality-and?utm_source=post-email-title&publication_id=323491&post_id=83569988&isFreemail=false&utm_medium=email
https://possum3e0.substack.com/p/science-versus-sentimentality-and?utm_source=post-email-title&publication_id=323491&post_id=83569988&isFreemail=false&utm_medium=email
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Other values 

The ‘faith of science’ doesn’t cover everything. Life throws up many situations were these rules 

provide no guidance: love and marriage, civil and criminal law, cultural conventions in general. 

These other situations are covered for religious people, by religious values, like the Ten 

Commandments or Sharia Law. For secular people, like a distinguished secular evolutionary 

biologist with whom I found myself inadvertently in debate27, they seem like common sense but 

can probably be traced to the writings of Enlightenment philosophers and social scientists from 

Baruch Spinoza to John Rawls and John Stuart Mill. Some of these values are consonant with the 

values of science. Others, such the recent varieties of identity politics, are emphatically not. For 

example, a recent report28 from the National Academy of Sciences denies “that science is a 

meritocracy so it does not matter who is conducting the research …”, which implies that 

scientific truth depends on who is doing the research, a claim that denies the universality of 

science.  The values that underlie science are neither obvious nor longstanding. They are easily 

corrupted by ideology.  

Conclusion 

Modern civilization depends on science. Any civilization depends on a consensus about 

fundamental values, good vs, bad, permitted vs. forbidden actions. These many rules are 

unprovable by the methods of science. The facts of science by themselves provide no values: 

science is a map not a destination.  But doing science depends on certain values such as a belief 

in truth, honesty, open debate etc. and, above all, the ability to separate fact from passion, to 

respond to a proposition first with “Is it true?” and “How do you know?” and only afterwards 

“What should be done about it?” 

 

 

27 https://quillette.com/2019/04/28/values-even-secular-ones-depend-on-faith-a-reply-to-jerry-coyne/ 
28 https://www.mindingthecampus.org/2023/07/11/death-of-a-science-academy/ 
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