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Ethics matters nowadays because the character of scientific activity has changed so 
drastically in about the last half century; because doing science is a human activity and 
not something impersonal; and because the crux of science is in interpretations, not in 
supposedly objective facts.
The so-called “scientific method” makes it appear as though objective facts can be 
obtained and theories tested objectively. But observations always need to be interpreted, 
and interpretations are inevitably influenced by preconceived beliefs. Science actually is 
produced not by application of a formulaic “scientific method” but by mutually 
interacting experimenters, theorists, journal editors, funding agencies, policy makers, and 
even such outsiders as science writers and historians and philosophers of science.
Because science is inescapably a human activity, it can go wrong for such reasons as 
inappropriate motives or incompetence. Ethical behavior in science therefore means 
behaving in such a way that discovering genuine truths is assisted and not hindered, and 
that requires that it be produced by people who have no interests that conflict with truth-
seeking.
Science is often said to be self-correcting through the mechanism of peer review, but peer 
review is itself a human activity, and nowadays it is increasingly subject to undesirable 
bias as a result of pervasive conflicts of interest, institutional as well as individual.

As a student of chemistry 60 years ago, and then as a researcher in chemistry and a teacher 
for 30 years after that, I would have been astonished if someone had talked about “Ethics in 
Science”: What is there to talk about? We are just dealing in facts, doing experiments, making 
observations, making discoveries.

I would have been very insulted if I had been told that scientists need to learn how to behave 
ethically in their professional lives. It seemed obvious that people only chose to do science 
because they believed that learning to understand natural phenomena was a noble vocation 
aiming to improve life for everybody. It had been quite a common view since the late 19th 

century, that scientists were just as devotedly and selflessly well-intentioned in worldly matters as 
monks were in spiritual matters.

In 1982, two well-known science journalists, William Broad and Nicholas Wade, published a 
book called Betrayers of the Truth: Fraud and Deceit in the Halls of Science. I was outraged, 
questioning the inferences they made from a small number of selected anecdotes: From about 50 
examples over 2000 years, they claimed that dishonesty was quite normal in science! I wrote a 
very critical review of that book. 

At that time I was just beginning to change my professional interests from chemistry to 
science studies, an interdisciplinary or multidisciplinary activity where historians, philosophers, 
and sociologists of science were joining with engineers and scientists and other interested people 
to establish a better empirical understanding of how science works and how it interacts with the 
wider society. One of the first lessons I learned, eventually, quite a difficult one, is that “facts” 
are not so easy to establish as I used to think. I used to think that errors in gathering facts were 
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owing to technical deficiencies: not enough resolution, so that one had to estimate between 
markings on a burette and allow for the meniscus, for example. But now, from the philosophers 
and sociologists in particular I learned that “facts are theory-laden”: Our preconceived ideas make 
it more likely that we will draw one inference rather than another. Depending on what we expect, 
we are likely to approximate the meniscus in different directions, for example. A popular 
illustration of “facts are theory laden” is by means of ambiguous figures like the duck-rabbit:

Is it a duck facing left, or a rabbit facing right?
The actual fact is some black lines on a white background. But we’re not at all interested in 

that raw fact, we’re interested in what it means. “Facts” are useless unless some meaning is 
attached to them; and different individuals are likely to attach different meanings to the same fact; 
and individuals who differ in their interpretations may not even understand the other’s point of 
view -- their theories are, in Thomas Kuhn’s words, incommensurable, not able to be compared, 
like apples and ping-pong tables.

One of my favorite illustrations of theory-laden facts is in my book about Loch Ness 
monsters, The Enigma of Loch Ness: Making Sense of a Mystery: Chapters 1 and 2 draw exactly 
opposite conclusions from exactly the same evidence of folklore, eyewitness accounts, 
photographs, and deliberate hoaxes.

The meaning of facts, and how we draw inferences, matters because science is done by 
human beings. That there is a scientific method which ensures objective results was a theory 
invented by philosophers trying to explain why science had been so successful, it was not the 
result of observing what scientists actually do. That supposed method is: Set up an hypothesis; 
devise a test; carry out the test; the results prove or disprove the hypothesis. But results, “facts”, 
don’t speak for themselves, they have to be interpreted, and it is often, perhaps even usually, not 
straightforward to determine whether results do or do not support an hypothesis. In my book 
about this, Scientific Literacy and the Myth of the Scientific Method,  I mention Erwin Chargaff’s 
work on nucleic acids, where he found the amounts of adenosine and guanine to be not far from 
equal, and also the amounts of thymine and cytosine very approximately equal in different organs 
and species. So what? These were just raw facts, no obvious meaning or significance, just the 
black lines on a white background like the duck-rabbit. By contrast, Watson and Crick inferred 
that these were experimental approximations to actually equal, consistent with a “double helix” 
structure of DNA and the clear implications of that for duplication of genetic information and its 
hereditary transmission; so they and not Chargaff were awarded the Nobel Prize.

But the scientific method is also unrealistic in emphasizing theories: only a very small 
proportion of researchers are even trying to test hypotheses. Most scientists do relatively routine 
things, what Thomas Kuhn called “normal” science by contrast with revolutionary science, those 
rare occasions that lead to major changes like quantum theory.

The obvious fact that science is done by human beings, and the consequences of that, are still 
not appreciated enough. Those of us who have actually done research know that there are career 
pressures, jealousies, cliques; surely we’ve all experienced unfair reviews of manuscripts or grant 
proposals. Some of us have even been close to cases of genuine fraud, like making up data 
instead of gathering it experimentally. I think the most astute and comprehensive description of 
how science works and how it interacts with the surrounding society is by John Ziman, summed 
up in his last book, Real Science: What It Is and What It Means. I recommend that, and in fact all 
of Ziman’s earlier books. He was a solid-state physicist, distinguished enough to become a 
Fellow of the Royal Society, before turning 30 or 40 years ago to what’s now called Science 
Studies. I believe it was from his writings that I came to realize that gaining scientific knowledge 
can be best described as a knowledge filter:
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No single result, no matter how methodically obtained by means of the so-called scientific 
method, becomes immediately reliable. Other people have to verify it, not necessarily by 
repeating the work but by trying to build on it. So there’s a progression from ideas, guesses, 
hunches, to what I call “frontier science”, some of which becomes publishable in the primary 
research literature, regular articles in scientific periodicals. As time goes by, reviews are written 
in various specialties, and by no means all the published articles are featured, many of them have 
dropped by the wayside, wrong in some way, or just too trivial --- meaningless --- to matter. After 
yet more time, knowledge gets into textbooks, whose contents are generally trustworthy. Ziman 
estimated that something like 90% of research articles are significantly wrong but that textbook 
science is perhaps 90% right. If you look at textbooks from 50 or 100 years ago, you realize how 
wrong even they were on some topics; and it seems reasonable to extrapolate that textbooks 50 
years from now will not be proclaiming the same truths as our present textbooks do.

Two important things to note about the knowledge filter:
 1. The progression from subjective and unreliable to relatively objective and reliable hinges 
on interactions within the scientific community. Many interactions are informal, but quite formal 
“peer review” has become standard practice: supposedly well informed and competent specialists 
judge the grant proposals and research manuscripts of their contemporaries.

However, since specialists in a given field usually know one another, or at least are 
familiar with one another’s work, the so-called peers are often colleagues or competitors of those 
seeking grants or submitting manuscripts. So peer review is inherently unlikely to be free from 
subjective bias, one way or another.

I suspect almost every researcher has observed and perhaps even experienced 
incompetent or unfair or misguided assessments from competitors; or uncritically complimentary 
judgments from friends or colleagues. Certainly editors of journals soon come to learn which 
reviewers to choose if they want a paper to get a favorable review, and which to choose if they 
want to reject something.
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2. The second important thing to note is that progression through the filter takes time. 
Therefore no contemporary theory should ever be given wholehearted belief, especially not when 
there are implications for public policies and actions that can affect great numbers of people.

Those points show what ethics has to do with science. No scientist should ever claim to know 
that what he or she believes is absolutely true: that’s unethical behavior for a scientist, because 
science does not and cannot deal in absolute truths. That principle is often disregarded. Do I need 
to point to innumerable examples of scientists who speak to the media and to politicians as 
though their own beliefs were true beyond any doubt? For example about the hole in the ozone 
layer, or global warming, or the ultimate amount of oil reserves in the ground, or HIV/AIDS?

When advising policy makers, scientists should present pros and cons, so far as they are 
known, and should certainly mention if there are other specialists who hold different views. Do I 
need to ask whether you observe that being done routinely?

The idealistic ethos of science is that it seeks truth. Ethics in science then means caring only 
to discover what is actually the case --- even if it could hurt one’s career, or that of one’s friend or 
colleague, or --- God forbid! --- help the career of a disliked competitor. Ethics in science means 
being disinterested, having no conflicts of interest, as well as having the wisdom and humility not 
to claim absolutely true knowledge.

The significance of conflicts of interest is misunderstood everywhere, it seems, not only in 
science, of course, but very much so in science. A colleague or competitor should never act as a 
“peer reviewer” of manuscripts or grant applications --- yet they do so routinely. Someone with 
ties to a drug company should never advise about any of that company’s products --- yet in the 
United States the majority of advisers of the Food and Drug Administration and the National 
Institutes of Health and similar agencies do have such conflicts of interest. Investigative 
journalists have even been able to demonstrate that certain drugs would not have been approved if 
the only voting members of advisory panels had been people without conflicts of interest.

Andrew Stark, in Conflict of Interest in American Public Life, has explained very lucidly that 
the only way to avoid damage from potential consequences of conflicts of interest is to avoid 
conflicts of interest completely.

Conflicts of interest can be described in three possible stages or levels. First comes the actual 
situation that influences your state of mind; for example, my daughter is a student in a class that I 
teach. The second stage is that your emotions and your thought processes absorb those influences 
--- you love your daughter, and you love teaching, and you desire to be fair to everybody. The 
third stage is that of actual action in this situation, when you must judge students’ performances 
and award grades. 

In that third stage, some people some of the time will act in inappropriate ways, sometimes 
ways in which they themselves would actually prefer not to act, if only they were not subjected to 
perfectly normal desires: some grades are given that should not have been, and some drugs are 
approved that should not have been.

Once such undesirable action has happened, the damage is done and cannot be undone. And 
usually it is not even possible to place any blame after the fact, for it is very difficult to prove that 
a conflict of interest was actually responsible for any given act. Conflicts of interest exert a 
statistical influence, not a strictly causative one. Some consultants for drug companies would 
judge the same way if they were not consultants, others would judge differently, and there is no 
way to detect who has behaved in which way.

The second stage of conflict of interest cannot be controlled or measured, since it is a state of 
mind and emotion, not fully known even to the person concerned.

It follows that the only way to avoid the potential damage that conflicts of interest can bring 
is at stage 1. So far as possible, therefore, individuals and institutions should be prevented from 
policy making or other actions under circumstances where they are subject to conflicting 
interests. The only way to avoid the consequences of conflict of interest is to avoid conflicts of 
interest altogether.

That is widely misunderstood, overlooked, or wished away. People and institutions try to 
evade this logic by talking about “apparent” conflicts of interest or “negligible” conflicts of 
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interest, but there is no legitimate way to define such notions. They imply that no damage will be 
done or has been done by actually existing conflicts of interest, but that can never be known with 
any certainty, least of all beforehand. 

Conflicts of interest matter everywhere in science because the knowledge filter only works 
properly when interactions are disinterested, concerned only with getting at scientific truth and 
not concerned with personal advantages, careers, patents, etc.

Now, every professional scientist does have a conflict of interest because science is that 
person’s career. So there is a heavy responsibility on those who manage research funding to be 
aware of possible jealousies and cliques when opinions are being sought about grant proposals; 
and there is a heavy responsibility on editors of journals to choose reviewers of manuscripts 
carefully, and to read their recommendations critically to make sure that they address substantive 
points in a seemingly objective way and with proper cited support for the reviewer’s viewpoint. 
This is so important for the progress of science because peer review is inevitably very 
conservative. Plausibility and correctness can only be judged on the basis of what the 
contemporary mainstream consensus is, but the most striking advances come from discoveries or 
ideas that break with that consensus. So the normal thing is for peer review to reject the most 
novel and promising claims.

Paul Lauterbur, who received a Nobel Prize for work leading to magnetic resonance imaging 
(MRI), once said that one could write the whole history of science in terms of papers rejected by 
Nature and Science -- and indeed his own first paper on MRI had been rejected. Somehow or 
other the system must learn how to allow publication of claims that break with the mainstream 
view. Under present circumstances, that rarely happens. It needs to be recognized that time, not 
contemporary peer-review, will be the judge of whether unorthodox ideas have merit or not.

Let me come back to where I started, that up to about the 1980s I would not have seen any 
reason why scientists would need to think about ethics. It’s not only that I came to learn about 
history and sociology of science about that time, it’s also that science has changed very much 
since about the Second World War: it has expanded enormously, it has become enormously more 
expensive, it has become much more involved with industrial applications and political concerns. 
This has brought more damaging conflicts of interest, institutional as well as personal, as even 
universities have come to regard scientific research as a way to make profits. So a system that 
worked rather well for several hundred years is not working so well now, because the 
circumstances have changed drastically, including the way in which the wider society interacts 
with and supports and controls research.

It is more important than ever that all scientific interactions be open and substantive. For one 
thing, I believe that the time has come to make all peer review open, not anonymous, in contrast 
to the present practice. Having to sign one’s name to an opinion is a powerful incentive to keep 
conflicts of interest in check.
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