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The canonical version of the history of 20th Century philosophy of science tells us that Lakatos was Popper’s disciple, but it is rarely mentioned that Popper would have learned anything from Lakatos. The aim of this paper is to examine Lakatos’s influence on Popper’s philosophical system and to argue that Lakatos did have an important, yet, somewhat unexpected, impact on Popper’s thinking: he influenced Popper’s evolutionary model for ‘progress’ in science. And Lakatos’s influence sheds new light on why and how Popper continually revised one of the central claims of his philosophy of science: the evolutionary account of scientific theory change. 
I. 

The title of this paper may seem surprising. The canonical version of the history of 20th Century philosophy of science tells us that Lakatos was deeply influenced by Popper, but it is rarely mentioned that Lakatos would have influenced Popper in any way. The consensus is that while Lakatos was Popper’s disciple, Popper considered Lakatos’s (early) work at most an application of his (in the domain of philosophy of mathematics). The aim of this paper is to argue that there is evidence that Lakatos had a profound influence on Popper’s later thinking. 
Popper wrote a letter to Isaiah Berlin about Lakatos in 1964, in which he writes: “I can say what I think about him in five words: He has revolutionized my thinking”.
 But what could he possibly mean? He did not start talking about progressive and degenerating scientific research programmes and protective belts ever after. If Lakatos did have an influence on Popper’s thinking, it must have been a less obvious one.
 

It seems that Lakatos himself also thought that Popper learnt a lot from him. He wrote repeatedly (at least a dozen times) on the margins of various manuscripts by Popper that, “you are stealing from me”.
 It is also likely that Lakatos’s perception that Popper did not acknowledge his influence was the main cause of the serious fallout between the two philosophers in the early seventies.
 
The aim of this paper is to examine in what way Lakatos influenced Popper’s philosophical system and to argue that he did so in an important, yet, somewhat unexpected, way: he influenced Popper’s evolutionary model for ‘progress’ in science. 
II. 
My proposal is that Lakatos influenced the way Popper thought about the analogy between natural selection and the selection in the domain of scientific theories: in short, he influenced the way Popper’s evolutionary epistemology was formulated.


This proposal may seem extremely surprising for two reasons. First, Lakatos was not too enthusiastic about the whole project of giving a selectionist explanation for progress in science. Second, Popper started talking about the analogy between natural selection and the selection among scientific theories in the thirties, decades before he met Lakatos. I will take these two reasons to doubt Lakatos’s influence on Popper in turn. 
II. a. 
Lakatos never seemed to understand why Popper was so interested in evolutionary explanations. But as he never directly criticized Popper’s evolutionary arguments, it is not easy to see why he had doubts about this project. 

However, Lakatos did write extensively on Stephen Toulmin’s evolutionary model for scientific progress. As Toulmin’s evolutionary arguments are, in important respects, similar to Popper’s, we may be able to understand what it was that Lakatos disliked about Popper’s evolutionary explanations by focusing on his criticism of Toulmin’s writings. 

Toulmin insisted that evolution should be more than a mere metaphor when we describe the progress of science (Toulmin 1970, pp. 560-564, see also Toulmin 1972). It is not enough to compare the trial and error method of science to the trial and error method of natural selection. The evolutionary model is indeed explanatory (Toulmin 1967, p. 470): selection among scientific theories explains some of the features of these theories, most importantly, their survival. 

Lakatos has a number of problems with Toulmin’s project.
 Perhaps the most important one is exactly about the explanatory power of evolutionary considerations (Lakatos: Toulmin’s Wittgensteinian epicycles, ms, p. 12).
 For Toulmin, the survival of a scientific theory is explained by its fitness. Lakatos strongly opposes this idea as, according to him, whether a scientific research programme survives depends on whether it is progressive or degenerative. And whether a research programme is progressive or degenerative is not a matter of some kind of momentary fit between the research programme and the data (which would supposedly be the equivalent of biological fitness in this context).
 
Whether a research programme is progressive or degenerative can be determined if we look at how it has changed: if its predictive/explanatory power has increased in response to changes, it is progressive. If it has not, it is degenerative (Lakatos 1970, 1974).
 In contrast, the ‘fitness’ of a scientific theory, whatever it is exactly, is unlikely to be a function of the ways it has changed in response to objections. 

Of course, what is in the background of this criticism is that while Toulmin (and Popper) tries to explain the survival of scientific theory, Lakatos’s concern is with the explanation of the survival of a scientific research programme. As scientific research programmes do not get eliminated as a result of objections or conflicting data, it is not clear how the evolutionary analogy could be used in their case. 

Although Lakatos’s objections were aimed at Toulmin, they apply equally well in the case of Popper’s evolutionary explanatory scheme for progress in science (especially as Toulmin is explicit that many aspects of his theory are based on Popper). Popper has also attributed explanatory power to the ‘fitness’ of a scientific hypothesis, already in the Logic of Scientific Discovery: 

We should try to assess how far [a hypothesis] has been able to prove its fitness to survive by standing up to tests (Popper 1959/2002, p. 248). 

And more explicitly: 

How and why do we accept one theory in preference to others? […] We choose the theory which best holds its own in competition with other theories; the one which, by natural selection, proves itself the fittest to survive. This will be the one which not only has hitherto stood up to the severest tests, but the one which is also testable in the most rigorous way. (Popper 1959/2002, p. 91.)  

Thus, when criticizing Toulmin, Lakatos also implicitly criticized Popper. As a result, it may seem odd that Lakatos, who, for the reasons mentioned here mistrusted the evolutionary explanation for progress in science, could influence Popper’s evolutionary epistemology. But I will argue in Section III that this is exactly what happened. 
II. b. 

The second prima facie reason to doubt that Lakatos had a profound influence on Popper’s thinking about the selectionist model of science is that Popper gave his first exposition of these ideas decades before he met Lakatos. In a letter to Donald Campbell, Popper says that the idea goes back at least to the early thirties.
 And he had a fairly detailed account of it in his ‘What is dialectic?’, a talk given in 1937 and published in 1940:
 
If we want to explain why human thought tends to try out every conceivable solution for any problem with which it is faced, then we can appeal to a highly general sort of regularity. The method by which a solution is approached is usually the same; it is the method of trial and error. Thus, fundamentally, is also the method used by living organisms in the process of adaptation (Popper 1940/1963, p. 312). 

Note, however, that Popper’s view on the status of the analogy between natural selection and the trial and error method in science changed over the years. Popper rarely acknowledges this, but others did.
 An important example is Ernst Mayr, one of the most important evolutionary biologists in the 20th Century. In 1979, he wrote to Popper commenting on one of his papers (‘Natural selection and the emergence of the mind’), emphasizing that it is a much better treatment of natural selection than Popper’s earlier writings. As he says: 
To be very frank, I was not too happy with your treatment of natural selection in the essay you wrote in Objective Knowledge.

Mayr emphasizes (twice) how ‘delighted’ he is that Popper changed his views about natural selection. But what is this change in Popper’s treatment of natural selection and when did it happen? The early essay Mayr was referring to is ‘Evolution and the tree of knowledge’, which was published as Chapter Seven in Objective Knowledge. It was originally delivered as the Herbert Spencer lecture in Oxford in 1961 and hardly any of the original text was changed before the publication in the volume in 1972 (when Popper also wrote an addendum to the paper). 

The later paper Mayr referred to as expressing an improvement on Popper’s earlier thinking about natural selection is ‘Natural selection and the emergence of the mind’, which was delivered as the first Darwin Lecture in Cambridge in 1977. It was published a year later in Dialectica. Another important paper where Popper expresses similar thoughts as in the Darwin Lecture is ‘The rationality of scientific revolutions’, which was originally delivered as another Herbert Spencer lecture in 1973 and was published in the same year. So some time between 1961 and 1973 changed his mind significantly about natural selection.


And Popper was apparently quite preoccupied with the question of the analogy between natural selection and the trial and error method of science (see Nanay 2011 for a summary). In 1963, he asks Campbell for all of his papers on evolutionary epistemology.
 In 1965, Lakatos says in a letter to Marjorie Grene that “nowadays, [Popper’s] main interest is evolution”.
 

And in 1967, he wrote to Lakatos: “You will be thrilled to hear what I have to tell you about the connection of our common philosophy and the great Break-through in Biology”.
 Popper did not elaborate on what this connection is supposed to be, but from the collection of his clippings at that time, it seems likely that he was referring to the ‘central dogma of molecular biology’ literature on transcription from RNA to DNA that Popper took to question the framework of Weismannian (as opposed to Lamarckian) evolution.
 More about this in Section III. 

To sum up, some time in the second half of the 1960s, Popper changed his mind about natural selection and Lakatos was in the middle of this transition.
 Just how he changed his mind and how this change could be attributed to Lakatos’s influence is the topic I now turn to. 
III.

In order to understand the change in Popper’s thoughts on natural selection, we need to be clear about how Popper conceived of the analogy between natural selection and the trial and error method of science before his contact with Lakatos. 

In his 1961 lecture, Popper states that the main problem for evolutionary theory is to account for the way in which random mutations can explain the apparent teleology of the natural world. 
[The difficulty evolutionary theory faces is] the difficulty of understanding how a complicated organ, such as the eye, can ever result from the purely accidental co-operation of independent mutations. (Popper 1961/1972, p. 273.)
Note that he talks about purely accidental cooperation of independent mutations. He repeats these phrases over and over in the essay: 

The real difficulty of Darwinism is the well-known problem of explaining evolutions which are apparently goal-directed such as that of our eyes, by an incredibly large number of very small steps; for according to Darwinism, each of these steps is the result of a purely accidental mutation. That all these independent accidental mutations should have had survival value is difficult to explain. (Popper 1961/1972, pp. 269-270.)
Popper took this to be a problem for biology as well as for an evolutionary explanation for scientific progress. But his attempts to address this problem are far from being convincing. In the addendum to the 1961 lecture that was published in 1972, as a rather desperate attempt, he appeals to the idea of ‘hopeful monsters’ to explain how a series of independent mutations can lead to adaptation. 

What is striking is that he did not take the cumulative character of natural selection into consideration: that changes accumulate over the generation and as a result mutations are not at all ‘independent’.
 Here is a very simplified example (where I ignore sexual reproduction and limit the traits relevant to selection to only one). The height of giraffe x is 12 feet. She has three offspring, a, b and c. Giraffe a’s height is 10 feet, b’s is 12 and c’s is 14 feet. If the branches are very high up, then c is more likely to survive, than a and b. Thus, c makes it to the next generation and she has three offspring, d, e and f. As c’s height was 14 feet, this will be the trait that gets transmitted to her offspring, who will have the height of 12, 14 and 16 feet respectively. Again, f, who has the longest neck is the most likely to survive. And so on. What we have here is a cumulative selection process: changes accumulate. The selected traits in one generation will be different from the ones in the previous generation: c’s neck is longer than x’s and f’s is longer than c’s. In the first generation, x’s height was 12 feet, in the nth generation, the height of the individuals in the population will be close to the height of the lowest branches of the trees in the environment; it will adapt to the environment. Thus, this selection process seems to explain why the height of giraffes is the way it is: because those giraffes whose neck was too short had less chance to reach the branches. 

There is a significant debate in contemporary philosophy of biology about the constraints under which selection can explain adaptation (Neander 1995a, 1995b, Sober 1995, Nanay 2005), but one point of consensus is that if selection is not cumulative, it has no chance of explaining adaptation (see, e. g., Bedau 1991, 650–654; Walsh 2000, 142–143. Neander 1995b, Sober 1995). 

And the cumulative character of natural selection is indeed the most important change between Popper in 1961 and Popper in 1973. As we have seen, he completely ignored the cumulative character of selection in 1961: he talks about “independent accidental mutations” and asks how these could possibly lead to adaptation (Popper 1961/1972, p. 270). That he took mutations to be independent is an evidence that he did not take selection to be cumulative. If a selection process is cumulative: changes in a lineage accumulate. In other words, a mutation influences how the lineage will change, and, thereby also influence later mutations in the same lineage. 
Popper did not deny that the trial and error method is used repeatedly both in the biological case and in the case of the selection among scientific theories. As he writes back in 1937: 
It is clear that the success of [the trial and error] method depends very largely on the number and variety of the trials: the more we try, the more likely it is that one of our attempts will be successful. Popper 1940/1963, p. 312). 

It is important to highlight, however, that repeating a one-step selection process does not make it a cumulative process (see Nanay 2001). The distinctive feature of a cumulative selection process is that the selective retention influences the next round of variation. If a one-step selection process is repeated from scratch again and again, this is not the case. 
The big change in Popper’s thinking about selection is that by the early 1970s, he took the cumulative nature of selection more seriously. In 1973, in ‘The rationality of scientific revolutions’, he writes: 
It is to be noted that in general no equilibrium state of adaptation is reached by any one application of the method of trial and the elimination of error, or by natural selection (Popper 1975/1996, p. 4). 
So far, this is just a reiteration of the earlier point that a single step of trial and error is unlikely to get us to the adaptive equilibrium. But, importantly, he adds that the main reason why this is so is the following: 

New pressures, new challenges and new problems may arise as a result of the structural changes which have arisen from within the organism (Popper 1975/1996, p. 4).  

This way of thinking about selection, in contrast with what Popper held in 1961, takes the cumulative nature of selection seriously. Not only does he hold that selection is a multi-step process, he also acknowledges that earlier steps in the selection process influence later ones. 
In short, by 1975, Popper came to believe that if selection is to explain an adaptive equilibrium, it should be cumulative. Further, it needs to be noted that Popper seems to take the cumulative nature of selection among scientific theories more seriously than he does in the biological domain. When he elaborates on the cumulative character of selection in the biological case, he is less than convincing: he talks about “the time span of a few generation – at the very least, say, one or two generations” (Popper 1975/1996, p. 6). Needless to say that the time span of one or two generations is extremely unlikely to be enough for any gene-based cumulative selection process to reach adaptive equilibrium. 
He even explicitly acknowledged this asymmetry in his thinking about the cumulative nature of biological selection and the selection among scientific theories. In the case of biology, mutations are ‘blind’: “the survival of a mutation cannot influence the further mutations” (Popper 1975/1996, p. 5). He contrasts this with mutations of scientific theories that are not ‘blind’ in this sense. 
In short, Popper changed his mind about the cumulative character of selection. And this change is unlikely to have originated from the thorough analysis of gene-based natural selection – as it appears that he still did not fully appreciate what cumulative selection would imply in the biological case. And, as a result, he helped himself to dubious considerations like the idea of ‘hopeful monsters’ and Lamarckian inheritance when trying to explain how random mutations can explain the apparent teleology of the biological domain. 
My claim is that this change is a consequence of Lakatos’s influence. Lakatos is very explicit that scientific research programmes are not sets of theories but “a temporal chain of sets of theories”.
 If a scientific research programme faces an objection, it lives on (maybe acquiring a bit of protective belt). In other words, scientific research programmes can and do change. The set of theories in a scientific research programme at time t is different from the set of theories in it at some later time, t*. And what set of theories we get in a research programme at time t* depends on what happens to the research programme at time t – what objections it faces and how it can handle them. 
If we conceive of selection as a process that operates on scientific research programmes, this would lead to a cumulative selection process. Research programmes can and do change and their changes accumulate. If a research programme faces an objection at time t, this leads to theories in this research programme at time t* that would no longer face this objection. And this process goes on (until the research programme is superseded by another one). 
According to Popper, unsuccessful theories are eliminated by objections. According to Lakatos, scientific research programmes (or at least their protective belts) are changed by objections (but they still live on). For Popper the trial and error method consists of one step only: the successful theory lives on, the unsuccessful gets eliminated (of course, then the process can be repeated). For Lakatos, the life span of a scientific research programme consists of constant cycles of objections and responses to objections, and these responses are built into their protective belts. 
Thus, Lakatos’s scientific research programmes can be gradually fine-tuned: the set of theories that comprise the research programme at time t* can deal with more objections than the set of theories at time t, which precedes t*. The ‘mutations’ of the research programme are not completely ‘blind’ in the sense Popper thinks genetic mutations are blind: it is not the case that “the survival of a mutation cannot influence the further mutations” (Popper 1975/1996, p. 5). In the case of a scientific research programme, the way it can deal with objections does influence what directions it develops into in the future. 
Lakatos’s insistence on the temporal dimension of research programmes makes it possible for selection among scientific theories to be cumulative. And if selection is cumulative, it is not a “purely accidental co-operation of independent mutations” as the early Popper suggested (Popper 1961/1972, p. 273). It is the co-operation of sequences of mutations whereby the earlier ones influence the latter ones: a ‘mutation’ influences how the research programme will change and the next ‘mutation’ will depend on how the research programme has changed. 
In short, what Popper learned from Lakatos is that if we take the temporal dimension of selection among scientific theories seriously, we can account for the cumulative nature of this selection process, which thereby will allow us to explain the ‘equilibrium state of adaptation’ in this domain (Popper 1975/1996, p. 5).
 In other words, he learned from Lakatos that in the case of the selection among scientific theories, change is not the “purely accidental co-operation of independent mutations” (Popper 1961/1972, p. 273). 
We can sum up the change in Popper’s evolutionary thinking in the following manner. The early (pre-1961) Popper postulated a symmetry between natural (gene-based) selection and selection among scientific theories. As he perceived gene-based selection to be the “purely accidental co-operation of independent mutations”, he assumed that the same is true of the selection among scientific theories. But this posed the problem about how selection, conceived this way, could possibly explain complex adaptation – both in the biological domain and in the domain of scientific theories. 
Lakatos’s influence was to persuade Popper that selection, at least selection in the domain of scientific theories, is cumulative: it is not a “purely accidental co-operation of independent mutations”. But if this is so, then Popper faces a dilemma. He should either give up on the analogy between gene-based selection and the selection in the domain of scientific theories or he should find some reason to believe that gene-based selection is not a “purely accidental co-operation of independent mutations” either. He seemed to vacillate between these two options in ‘The rationality of scientific revolutions’, where he explicitly follows the former strategy some of the times (Popper 1975/1996, p. 5) but makes gestures to the latter one at other times (Popper 1975/1996, p. 4). 
Further, his enthusiasm for “the Break-through in Biology”
, which he couldn’t wait to share with Lakatos should be interpreted in the light of this dilemma. His clippings about Weismann and the ‘central dogma of molecular biology’ literature suggest that what he took to be “the Break-through in Biology” was that the flow of information is not unidirectional from the DNA to the RNA, which he presumably interpreted as going against the Weissmannian orthodoxy that the germ-line is never influenced by whatever happens to the organism during its life. If this were so, then gene-based selection would be more similar to the quasi-Lamarckian process of selection in the domain of scientific theories – the analogy between gene-based and scientific selection would be restored. 

Popper never, not even in ‘Natural selection and the emergence of mind’ (where he carefully avoided the issue), seemed to give the right analysis for the cumulative character of gene-based selection – namely, that it is not the case that “the survival of a mutation cannot influence the further mutations” (Popper 1975/1996, p. 5). It can influence the further mutations of the next generation – and one does not need to deny Weismannian inheritance in order to account for this. 
But Popper’s analysis of gene-based selection is a secondary issue here. The main point is that he changed his account of selection in the domain of scientific theories, even though he had to pay the price of giving up the analogy between gene-based selection and the selection in the domain of scientific theories. And, as I hoped to show, he could change his account of selection in the domain of scientific theories in such a way that allows for cumulative selection only because he took Lakatos’s insistence on the temporal dimension of scientific research programmes seriously. This is what Popper learned from Lakatos.
 
A couple of important questions need to be raised about this interpretation of Lakatos’s influence on Popper. 
First, if appeal to Lakatos’s scientific research programmes did change Popper’s evolutionary epistemology, why didn’t Lakatos himself notice these implications of his account? The short answer is that he probably did. 
On the margins of a reprint of Toulmin’s ‘From logical systems to conceptual populations’ (1970) he explicitly compares the “temporal sequence of populations” to scientific research programmes (which, as we have seen, he considered to be a “temporal chain of sets of theories”).
 
Another important indication that Lakatos may have seen the consequences of his theory to Popper’s evolutionary epistemology is also a note on the margins of a reprint: a reprint of Popper’s ‘Conjectural Knowledge’ (1971). Referring to Warnock 1960’s criticism, Popper writes: 

Some people thought that the phrase ‘prove its fitness to survive’ shows that I had here intended to speak of a fitness to survive in the future, to stand up to future tests. I am sorry if I have misled anybody, but I can only say that it was not I who mixed the Darwinian metaphor. Nobody expects that a species which has survived in the past will therefore survive in the future. […] It would be absurd to suggest that Darwinian survival involves, somehow, an expectation that every species that has so far survived will continue to survive. (Popper 1972, p. 19). 

Lakatos’s comment on the margin seems to suggest that he thought that although past survival does not guarantee future survival, it does make it more likely – at least in the case of scientific theories.
 Discounting the shadows of probabilistic inductivism of this remark, what is important here is that Lakatos did take Popper’s fitness analogy seriously. He also marks the entire paragraph with ‘Has to be taken note of’.
 


However, it is difficult to deny that Lakatos always stayed away from any serious discussion of evolutionary epistemology or even of evolutionary explanations in general (except for taking it as an example for a scientific theory). Although comparing the progress of scientific theories to natural selection was extremely widespread among Lakatos’s contemporaries (even Kuhn couldn’t resist it - Kuhn 1972, p. 172), Lakatos never even mentioned such an analogy. Why? 
The most plausible answer is that he, like the later Popper, saw some serious discrepancy between selection in biology and selection in the domain of science. But his way of responding to this discrepancy was to reject the analogy altogether. Popper was looking for models of biological selection that would restore the asymmetry, but Lakatos seems to have proceeded the other way and concluded that the evolutionary analogy is misguided. Scientific research programmes are not eliminated by conflicting data: they undergo change in response to conflicting data. But evolution by natural selection in the biological domain does not work this way. 

Lakatos had misgivings about the analogy between gene based selection and selection in the domain of scientific theories. Popper did too, as a result of Lakatos’s influence, but he did not give up on this analogy altogether. He was looking for ways in which this analogy could be restored. His early thinking about selection and science was inspired by the prevailing model of selection in biology. But he spent the end of his life looking for biological models of selection in biology that would be consistent with the model of selection in the domain of scientific theories he learned from Lakatos. 
It is worth noting that there may be a way of conceiving of gene-based natural selection on the analogy of the selection among scientific research programmes. The analogue of scientific research programmes (as units of selection) in the biological domain would be lineages: temporal sequences of individuals connected by means of inheritance. Individual x, x’s parent, x’s parent’s parent, etc., for example, form a lineage. Lineages do not (always) get eliminated in response to interaction with the environment. They change and live on. They live for many many generations, changing and adapting to their environment. Just like Lakatos’s scientific research programmes. Thus, if we take Popper’s attempt to restore the symmetry between gene based selection and selection in the domain of scientific theories seriously, we should interpret gene based natural selection as lineage selection. This option was not really open to Popper and Lakatos, as the possibilities of taking lineages as the units of selection was unexplored in the seventies (it is also quite unexplored now, with some very isolated exceptions, e. g., Brandon 1990).

References

Ariew, A. and R. Lewontin (2004). "The Confusions of Fitness," British Journal for the Philosophy of Science 55: 347-363.

Aronova, Elena 2007 Karl Popper and Lamarckism. Biological Theory 2: 37–51.
Aunger, Robert (ed.) 2000 Darwinizing Culture. The Status of Memetics as a Science. Oxford: Oxford University Press. 

Aunger, Robert 2002 The Electric Meme: A New Theory of How We Think and Communivate. New York: Free Press. 

Bechtel, William 1988 New Insights into the Nature of Science: What Does Hull’s Evolutionary Epistemology Teach Us. Biology and Philosophy 3: 157-164.

Bedau, Mark 1991 Can Biological Teleology Be Naturalized? Journal of Philosophy 88: 647–657. 
Bouchard, Frédéric and Alex Rosenberg 2004 Fitness, Probability and the Principles of Natural Selection. British Journal for the Philosophy of Science 55: 693-712.

Brandon, Robert N.: 1990 Adaptation and Environment. Princeton: Princeton University Press. 

Brown, James Robert (1985) Explaining the Success of Science. Ratio 27: 49-66.

Campbell, Donald T. 1988 A General ‘Selection Theory’, as Implemented in Biological Evolution and in Social Belief-Transmition-with-Modification in Science. Biology and Philosophy 3: 171-177.

Cummins, Robert (1975), "Functional Analysis", Journal of Philosophy 72: 741-765.

Dawkins, Richard: 1976/1989, The Selfish Gene, Second edition, Oxford University Press, Oxford. 

Dawkins, Richard: 1982a, The Extended Phenotype, W. H. Freeman, Oxford.

Dawkins, Richard: 1982b, ‘Replicators and Vehicles’. Reprinted in: Brandon, R. N. and Burian, R. M. (eds.), Genes, Organisms, Populations: Controversies over the Units of Selection, The MIT Press, Cambridge, Mass, 1984. 

Dawkins, Richard: 1983, ‘Universal Darwinism’, in: Bendall, D. S. (ed.), Evolution from Molecules to Man, Cambridge University Press, Cambridge, pp. 403--25. 

Dennett, Daniel C.: 1995, Darwin’s Dangerous Idea, Touchstone, New York. 

Dennett, Daniel C. 2003 Freedom Evolves. New York: Viking, 2003. 

Dennett, Daniel C. 2006 Breaking the Spell: Religion as a Natural Phenomenon. New York: Viking. 

Devitt, Michael 2008 Realism/anti-realism. In: Stathis Psillos and Martin Curd (eds.): The Routledge Companion to the Philosophy of Science. London: Routledge and Kegan Paul. 
Dicken, Paul and Peter Lipton 2006 What can Bas believe? Van Fraassen and Musgrave on observability. Analysis 66: 226-233.

Dretske, Fred (1988), Explaining Behavior. Cambridge, MA.–London: The MIT Press. 

Dretske, Fred (1990), "Reply to Reviewers", Philosophy and Phenomenological Research 50: 819-839. 

Fracchia, J. and R. Lewontin (1999). "Does Culture Evolve?" History and Theory 38: 52-78.

Ghiselin, Michael T. 1988 Science as a Bioeconomic System. Biology and Philosophy 3: 177-178.

Godfrey-Smith, P. 2007 Conditions for Evolution by Natural Selection. Journal of Philosophy 104: 489-516. 

Griesemer, James R. 1988 Genes, Memes and Demes. Biology and Philosophy 3: 179-184.

Hull, David L.: 1980, ‘Individuality and Selection’, Annual Review of Ecology and Systematics 11, 311--32. 

Hull, David L.: 1981, ‘Units of Evolution: A Metaphysical Essay’, in: Jensen, U. J.  and Harré, R. (eds.): The Philosophy of Evolution, Harvester Press, Brighton, pp. 23--44. 

Hull, DL 1988. A mechanism and its metaphysics: An evolutionary account of the social and conceptual development of science. Biology & Philosophy 3:123-155

Hull, David L.: 2001, Science and Selection, Cambridge University Press, Cambridge. 

Hull, D. L., Langman, R. E., and Glenn, S. S.: 2001, ‘A General Account of Selection: Biology, Immunology and Behavior’, Behavioral and Brain Sciences 24: 511-528. Reprinted in Hull, David L. (2001)

Jablonka, Eva and Lamb, Marion J.: 1995 Epigenetic Inheritance and Evolution: the Lamarckian Dimension. Oxford: Oxford University Press.
Kitcher, Philip (1993): Realism and Scientific Progress. In Kitcher, Philip: The Advancement of Science. Oxford: Oxford University Press, pp. 27-78.

Kuhn, Thomas S. 1972 The Structure of Scientific Revolutions. Chicago: University of Chicago Press.

Kukla, André 1994 Scientific Realism, Scientific Practice, and the Natural Ontological Attitude. The British Journal for the Philosophy of Science 44:955-975.
Lakatos, Imre (1970) Falsification and the methodology of scientific research programmes. In: Lakatos, Imre and Alan Musgrave (eds.): Criticism and the Growth of Knowledge. Cambridge: Cambridge University Press.

Lakatos, Imre 1974 Science and Pseudoscience. In: Godfrey Vesey (ed.): Philosophy in the Open. Milton Keynes: Open University Press, pp. 96-102. 
Lakatos, Imre (1976) Understanding Toulmin. Minerva 14: 126-43.
Leplin, Jarrett 1997 A Novel Defense of Scientific Realism. Oxford: Oxford University Press. 

Lewens, Tim (2001), "Sex and Selection: Reply to Matthen", British Journal for the Philosophy of Science 52: 589-598. 

Lipton, Peter (1994) Truth, existence and the best explanation. In Anthony A. Derksen. (ed.), The Scientific Realism of Rom Harré. Tilburg: Tilburg Univewrsity Press, pp. 89-111. 

Lipton, Peter 1993 Inference to the Best Explanation. London: Routledge. 

Lyons, Timothy D 2003 Explaining the success of a scientific theory. Philosophy of Science 70: 891-901.

Matthen, M. and A. Ariew (2002). "Two Ways of Thinking About Fitness and Natural Selection." Journal of Philosophy 49: 53-83.

Matthen, Mohan (1999), "Evolution, Wisconsin Style: Selection and the Explanation of Individual Traits", British Journal for the Philosophy of Science 50: 143-150. 

Mayr, Ernst 1959 Typological versus Population Thinking. In: B. J. Meggers (ed.): Evolution and Anthropology. Washington: The Anthropological Society of America, pp. 409-412. 
Millikan, Ruth G. (1990), "Seismograph Readings for „Explaining Behavior”", Philosophy and Phenomenological Research 50: 819-839.

Mills, S. and Beatty, J 1979 “The Propensity Interpretation of Fitness.” Philosophy of Science 46, 263-286. 

Millstein, Roberta 2006 Natural Selection as a Population-level Causal Process. British Journal for the Philosophy of Science 57: 627-653.

Muller, F. A. 2004 Can a constructive empiricist adopt the concept of observability? Philosophy of Science 71: 80-97.

Musgrave, Alan 1985 Realism versus Constructive Empiricism. In: Paul Churchland and Clifford Hooker (eds.): Images of Science: Essays on Realism and Empiricim with a reply from Bas C. van Fraassen. Chicago: University of Chicago Press, pp. 197-221. 

Musgrave, Alan 1988 The Ultimate Argument. In: Robert Nola (ed.): Relativism and Realism in Science. Dordrecht: Kluwer, pp. 229-252. 

Nanay, Bence: 2001, ‘A More Pluralist Typology of Selection Processes’, Behavioral and Brain Sciences 24, 547-548. 

Nanay, Bence: 2002, ‘The Return of the Replicator: What is Philosophically Significant in a General Account of Replication and Selection?’ Biology and Philosophy 17, 109–121. 

Nanay, Bence: 2005, ‘Can Cumulative Selection Explain Adaptation?’ Philosophy of Science 72: 1099-1112.

Nanay, Bence: 2010 Rational reconstruction reconsidered. The Monist 93: 595-615.

Nanay, Bence: 2011 Popper’s Darwinian analogy. Perspectives on Science 19: 337-354.

Neander, Karen (1995a), "Pruning the Tree of Life", British Journal for the Philosophy of Science 46: 59-80. 

Neander, Karen (1995b), "Explaining Complex Adaptations. A Reply to Sober's ‘Reply to Neander’", British Journal for the Philosophy of Science 46: 583-587. 

Okasha, S. (2007). Evolution and the Levels of Selection. Oxford: Oxford University Press.

Popper, Karl R. 1959/2002 The Logic of Scientific Discovery. London Routledge. 

Popper, Karl R. 1963 Conjectures and Refutations. London Routledge.

Popper, Karl, R. 1972 Objective Knowledge. Oxford: Clarendon. 

Popper, Karl, R. 1974a Darwinism as a metaphysical research programme. In: P. A. Schilpp (ed.): The Philosophy of Karl Popper. La Salle, IL: Open Court, pp. 133-143.

Popper, Karl, R. 1975/1996 The rationality of scientific revolutions. In: R. Harré (ed.): Problems of Scientific Revolutions. Oxford: Clarendon, pp. 72-101. Reprinted in Popper, Karl, R.: The Myth of the Framework. London: Routledge, 1996. 
Popper, Karl, R. 1978 Natural selection and the emergence of mind. Dialectica 32: 339-355.

Pust, Joel (2001), "Natural Selection Explanation and Origin Essentialism", Canadian Journal of Philosophy 31: 201-220. 

Putnam, Hilary 1975 Mathematics, Matter and Method. Cambridge: Cambridge University Press, Vol. I. 

Richerson, Peter J. and Robert Boyd: Not by Genes Alone. How Culture Transformed Human Evolution. Chicago: University of Chicago Press, 2005. 

Rosen, G. 1994 What is constructive empiricism? Philosophical Studies 74: 143-178.

Rosenberg, Alex and Frederic Bouchard 2005 Matthen and Ariew's Obituary to Fitness: Reports of Its Death Have Been Greatly Exaggerated. Biology and Philosophy 20: 343-353.
Smart, J. J. C. 1968 Between Science and Philosophy. New York: Random House. 

Sober, Elliott (1984), The Nature of Selection. Cambridge, MA: MIT Press. 

Sober, Elliott (1995), "Natural Selection and Distributive Explanation", British Journal for the Philosophy of Science 46: 384-397. 

Sperber, Dan 1996 Explaining culture: A naturalistic approach. Oxford: Blackwell. 

Sperber, Dan 2000 An objection to the memetic approach to culture. In: Robert Aunger (ed.): Darwinizing Culture. The Status of Memetics as a Science. Oxford: Oxford University Press. 

Stanford, Kyle 2000 An Antirealist Explanation of the Success of Science. Philosophy of Science 67: 266-284. 
Stephens, Christopher 2004 Selection, Drift, and the "Forces" of Evolution. Philosophy of Science 71: 550–570.

Sterelny, Kim 2006a The Evolution and Evolvability of Culture. Mind & Language 21: 137-165. 

Sterelny, Kim 2006b Memes Revisited. British Journal for the Philosophy of Science 57:145-165.

Teller, Paul 2001 Wither Constructive Empiricism? Philosophical Studies 106: 123-150.

Toulmin, Stephen 1967 The evolutionary development of natural science. American Scientist 55: 456-471. 
Toulmin, Stephen 1970 From logical systems to conceptual populations. Boston Studies in the Philosophy of Science 8: 552-564. 

Toulmin, Stephen 1972 Human Understanding. Oxford: Clarendon. 
Van Fraassen, Bas 1980. The Scientific Image. Oxford: Oxford University Press. 

Walsh, Dennis M. (1998), "The Scope of Selection: Sober and Neander on What Natural Selection Explains", Australasian Journal of Philosophy 76: 250-264. 

Walsh, Dennis M. (2000), "Chasing Shadows: Natural Selection and Adaptation", Studies in the History and Philosophy of Biological and Biomedical Sciences 31: 135-153.

Walsh, D. M., Tim Lewens, and André Ariew 2002 The Trials of Life: Natural Selection and Random Drift. Philosophy of Science 69: 429–446

Warnock G. J. 1960 Review of 'The Logic of Scientific Discovery'. Mind 69: 99- 101.
Wimsatt, W. C.: 1999, ‘Genes, Memes, and Cultural Heredity’, Biology and Philosophy 14, 279--310.
Worrall, John and Gregory Currie 1978 (eds.): Mathematics, Science, and Epistemology: Philosophical Papers of Imre Lakatos, vol. 2. Cambridge: Cambridge University Press.
� Popper to Isaiah Berlin on 1964, Febr. 16, Lakatos Archive 13/736/65. 


� Note that Popper often said that Lakatos has revolutionized philosophy of mathematics (Lakatos confronts Popper with this in a letter in 1969, Lakatos archive, file number 13/736). But what he wrote to Berlin is something much stronger: that Lakatos revolutionized his thinking (not a subdiscipline).


� Lakatos archive, file number 10/2, Lakatos archive, file number 15/90. 


� This fallout is well-documented (Lakatos archive, file number 13/736, Popper archive file number 318.4-10. Given the intellectual and personal closeness of the two philosophers, this turn of events is even more surprising – and the nominal reasons given (Lakatos used Popper’s typist without Popper’s authorization, Lakatos failed to give back the proofs of one of Popper’s articles) clearly do not explain it. 


� The most detailed account of Lakatos’s problems with Toulmin’s evolutionary explanation is in Lakatos: Toulmin’s Wittgensteinian epicycles (manuscript in the Lakatos archive, file number 8/4). For a shorter summary, see Lakatos 1976, pp. 137-138 (see also Worrall & Currie 1978, pp. 236-237, Nanay 2010). 


� Lakatos’s other main problem is that this selecionist explanation bypasses scientists and philosophers, very much like the cunning of Hegelian reason. See also his letter to Jon Cohen, who reviewed Toulmin’s book in the British Journal for the Philosophy of Science (which Lakatos edited) in 1972. Lakatos here explicitly agrees with Cohen’s criticism of Toulmin’s Darwinism. Lakatos to Jon Cohen, October 22, 1972, Lakatos archive, file number 13/166.


� The concept of fitness taken for granted in the late sixties and early seventies is somewhat different from what philosophers of biology mean by this concept now. The recently influential ‘propensity interpretation of fitness’, according to which fitness depends on the future course of events, was only introduced in the late seventies (Mills & Beatty 1979). 


� Lakatos repeatedly insists, especially towards the end of his life, that this is the way progressive and degenerative research programmes can be distinguished, see, for example, his letter to Alfred Schramm, 12 October 1973, Lakatos archive, file number 13/829, see also Lakatos 1974, p. 101.


� Letters from Popper to Donald Campbell, 1964, February 3 and April 6, Popper archive, file number 282/12.


� The paper was published in Mind in 1940 and reprinted as chapter 15 of Conjectures and refutations. The most explicit statement of the evolutionary analogy is on pp. 312-313. 


� Popper did acknowledge that he changed his mind on the falsifiability, and hence, on the scientific status, of evolutionary theory. See, for example, Popper 1978, pp. 344-346. 


� Ernst Mayr to Popper 1979, July 31, Popper archive, file number 325/1


� Popper’s letter to Campbell, 1963, June 3, Popper archive file number 282/12


� Lakatos to Marjorie Grene, 31 December 1965, Lakatos archive, file number 13/346. Lakatos thanks Grene for sending him her article ‘Beyond Darwinism’, and he writes: “I wonder whether you sent a copy to Karl Popper who I am sure would be very interested to read it. Nowadays his main interest is evolution”.


� Popper to Lakatos, 1967, January 9, Popper archive file number 318.4-10, Lakatos archive, file number 13/736.


� Among his clippings from this period are three Encyclopedia entries on Weisman (one from the 1967 Encyclopedia Britannica) as well as lots of photocopies from the ‘the central dogma of molecular biology’ literature. Popper archive, file number 384/12.


� I do not mean to give a monocausal explanation here and attribute the entirety of these changes in Popper’s thinking to Lakatos’s influence. There were other philosophers and biologists who Popper was in contact with about these issues (notably, Campbell, Toulmin and Kuhn). It is remarkable though how reluctant Popper was to take their criticism seriously, with regards to the analogy he posited between biological evolution and the evolution of scientific theories – see the affair of his cruelly rejected submission to Nature ‘Lamarckism and DNA’ in 1973 (see Aronova 2007) and his correspondence with Ernst Mayr. He did make an exception in the 1960s for Lakatos though, as evidenced by his frequent reference to ‘our common philosophy’ in Popper’s correspondence (Popper to Lakatos, 1967, January 9, Popper archive file number 318.4-10, Lakatos archive, file number 13/736). Nevertheless, it is the direction of the change in Popper’s thought that reveals Lakatos’s influence as I’m now hoping to show. 


� The reason for this may be that Popper often contrasted ‘cumulative’ with ‘revolutionary’ as attributes of scientific change (see, for example, Popper 1975/1996, p. 12), and he took scientific change to be the latter. Note that what I mean by the cumulative character of selection is consistent with both ‘cumulative’ and ‘revolutionary’ scientific change – as Popper used the notion. 


� Lakatos 1970, 1974. Lakatos makes this especially clear in a letter to Yehuda Elkana in 1973: Lakatos to Yehuda Elkana, March 29, 1973. Lakatos archive, file number 13/250. 


� It is clear from Lakatos’s correspondence that his theory of the methodology of scientific research programmes goes back at least to 1964 (see, for example Lakatos archive, file number 13/736), which is exactly when Popper’s interest in biology is revived. Given that Lakatos and Popper at this time were working together very closely, it is difficult to believe that Popper would not have heard about the idea of research programmes from Lakatos as early as anyone else. See also footnote 21 below for more wrinkles. 


� Popper to Lakatos, 1967, January 9, Popper archive file number 318.4-10, Lakatos archive, file number 13/736.


� This also explains the somewhat passive aggressive first footnote of Popper 1974, where he is clearly trying to assert his intellectual copyright for the very idea of research programmes: “The term ‘metaphysical research programme’ was used in my lectures from about 1949 on, if not earlier; but it did not get into print until 1958, though clearly in evidence in the last chapter of the Postscript (in galley proofs since 1957). I made the Postscript available to my colleagues, and Professor Lakatos acknowledges that what he calls ‘scientific research programmes’ are in the tradition of what I described as ‘metaphysical research programmes’” (Popper 1974, p. 133). 


� Lakatos notes on Toulmin, Lakatos archive, file number 15/102. 


� Lakatos notes on Popper, Lakatos archive, file number 15/90. He wrote “NO. More likely” next to the last sentence. 


� It is important that Lakatos really hated this essay. In an unsent letter to Popper, he wrote that “I also wish to congratulate you on Objective Knowledge. Apart from the moral and intellectual disaster of the first two chapters, it is a masterpiece.” Lakatos to Popper (unsent) February 5, 1973, Lakatos archive 13/736/172. 


� This work was supported by the FWO Odysseus Grant G.0200.12N and the FWO grant G0C7416N. Some of the original research was also supported by a Lakatos Research Fellowship at the London School of Economics in 2008. 





