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Abstract 

This article offers a critical review of past attempts and possible methods to 

test philosophical models of science against evidence from history of science. 

Drawing on methodological debates in social science, I distinguish between 

quantitative and qualitative approaches. I show that both have their uses in 

history and philosophy of science, but that many writers in this domain 

have misunderstood and misapplied these approaches, and especially the 

method of case studies. To test scientific realism, for example, quantitative 

methods are more effective than case studies. I suggest that greater 

methodological clarity would enable the project of integrated history and 

philosophy of science to make renewed progress. 
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1. Introduction

Many philosophers of science agree that we must seek some degree of 

empirical support or confirmation for philosophical theories and models of 

science in actual science.1 Since actual science is a historically constituted 

phenomenon, this project amounts to trying to evaluate philosophical claims 

about science by appeal to historical findings. This evidential relation is a 

central plank of most proposals for integrating history and philosophy of 

science.2 

This article reviews some past attempts and some possible methods to 

use history as evidence in philosophy of science. I find some confusion in the 

methodological statements and practices of several writers in philosophy of 

science since the 1970s. In particular, I find a neglect of quantitative methods 

even where the evaluation of the philosophical claims at issue called for such 

methods; I find that several writers have invoked qualitative methods, and 

particularly case study methodology, in projects for which they were not 

appropriate; and I find that, in any event, many devices called “case studies” 

have not met the criteria for case studies that social scientists acknowledge. 

I begin in section 2 by seeking to learn from methodological debates in 

the social sciences, and especially from the distinction between quantitative 

methods, which include experimental and quasi-experimental designs, and 

qualitative methods, of which case study methodology is the prime example. 

In section 3, I look at quantitative methods in history and philosophy of 

science. Whereas there are some good examples of the use of these methods in 

science studies, philosophers of science have been comparatively unwilling to 

pursue them. 

In section 4, I turn to qualitative methods, and especially to case study 

methodology, in history and philosophy of science. Despite the fact that many 

writers see “case studies” as the only means to bring historical data to bear on 

debates in philosophy of science, I find that the device is poorly understood. I 

discuss the use of historical data to test scientific realism in section 5. I argue 
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that the project of evaluating the plausibility of scientific realism by appeal to 

history of science demands a quantitative approach: unclarity about the 

required methodology helps to explain why this project has so far been 

inconclusive. I draw, despite everything, some optimistic conclusions in 

section 6. 

 

 

2. Qualitative and Quantitative Methods in Social Science 

 

Research methodology in social science is extensively analysed and codified. 

Researchers in the social sciences have distinguished, in the first instance, 

quantitative and qualitative methods. This distinction has proved an 

enduring key for mapping methodological diversity in social science.3 

 Quantitative methods use cross-case analysis to perform causal 

inference. These methods usually involve collecting numerical or other 

quantitative data on relatively few variables from relatively many instances. 

The experimental method in social science is an example. Qualitative 

methods, by contrast, use within-case analysis to reconstruct causal pathways 

in an individual case. These methods, such as the case study method, involve 

in-depth study of relatively many variables in relatively few instances. 

 This difference becomes visible in specific research tools in the social 

sciences. Whereas both approaches may gather data by means of 

questionnaires, for example, they will use questions of different sorts. The 

questions in a quantitative research project will offer respondents a limited 

range of options, from which researchers can easily derive aggregate findings. 

Qualitative researchers, by contrast, will pose open-ended questions that 

invite exposition and elaboration, from which they will try to understand how 

individual respondents think, feel or behave in particular situations. 

 The difference between quantitative and qualitative methods manifests 

itself in various dimensions. Two of these, which I shall call context and 

direction of causal inference, are of special relevance to our topic. 
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 “Context” alludes to the distinction between contexts of discovery and 

of justification proposed by Hans Reichenbach and others. There is a trade-off 

to some extent between effectiveness of methods in discovery and in 

justification. Qualitative methods are suited to generating hypotheses on the 

strength of in-depth knowledge of a few cases. They thus provide a basis for 

tentative inductive inferences and are associated with exploratory research. 

 Qualitative methods are less suited to testing general hypotheses, by 

contrast. At the extreme, a single case study is clearly a poor basis for 

establishing whether a given hypothesis holds across a population. A single 

case can refute a hypothesis, one might think; but this is possible only for 

hypotheses that assert that one factor is a necessary or a sufficient condition 

for another, and such hypotheses are rare in the social sciences. More broadly, 

qualitative methods are vulnerable to the criticism that the cases chosen have 

been cherry-picked, and therefore the representativeness and generalisability 

of any conclusions may be disputed. These considerations amount to saying 

that the results of qualitative methods have, in principle, high internal but 

uncertain external validity. 

 The opposite, to some extent, holds for quantitative methods. These are 

not well suited to generating hypotheses: the strategy of collecting 

quantitative data on relatively few variables provides a poor basis for 

reconstructing causal pathways. Whereas quantitative methods enable us to 

detect correlations, moving beyond those to causal statements is more 

difficult. Quantitative methods are better suited to testing hypotheses. A 

hypothesis that posits a certain causal mechanism will predict a certain 

correlation in quantitative data, and this prediction can be tested effectively in 

a cross-case analysis. Data in numerical form are more easily analysed for 

patterns of association and for strength and significance of correlations. 

 Let us now turn to the second dimension, direction of causal inference. 

Both quantitative and qualitative methods are able to ground causal claims, 

but they tend to work in opposite directions. 
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 Quantitative methods are particularly well suited to answering 

questions about the effects that follow from given causes. Researchers using 

these methods generally assume that a particular cause has operated in the set 

of instances under study, and gather data about the effect of that cause in the 

population. In other words, they study the consequences of a given 

intervention in a system. These are known as forward causal inference or 

effects-of-causes questions.4 

 Take as an example an experimental design that involves comparing 

subjects that receive a treatment with members of a control group. This 

approach is designed to gauge the average or typical effect of the treatment 

on members of a population. To do this, the researcher tries to isolate the 

effect of the treatment: for example, randomly assigning subjects to treatment 

and control groups neutralises other or confounding causes. This cross-case 

design does not aim to confirm that the treatment is the cause of the outcome 

for any particular subject, or to ascertain by what mechanism the treatment 

causes the outcome in that subject. 

 Qualitative methods, by contrast, are better suited to answering 

questions about the causes that have led to certain observed effects. 

Researchers using these methods usually start from a real-world case in 

which a certain effect is apparent, and inquire what caused it. In other words, 

one seeks to understand the causal relationship between an already observed 

outcome and hypothesised earlier interventions. These are known as reverse 

causal inference or causes-of-effects questions. 

 The case study is an example. John Gerring has defined this as “the 

intensive study of a single case where the purpose of that study is—at least in 

part—to shed light on a larger class of cases (a population)”.5 This will 

typically start by noting an outcome in the case under examination, and try to 

ascertain which of the many causal factors acting on the subject are 

responsible for causing that outcome. The researcher will carry out an over-

time, processual analysis, retracing within-case causal interactions. An 

illustration is Theda Skocpol’s case studies of the French, Russian, and 
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Chinese revolutions with the aim to reconstruct the causal factors 

determining social revolutions in general.6 The case study method, however, 

is not designed to estimate a causal factor’s average or typical effect in the 

wider population: a study of an individual case is unsuited to ascertain that. 

 If this simple analysis holds water, then the social science toolbox 

contains, among other items, two sets of approaches with complementary 

strengths. Quantitative methods are suited to addressing effects-of-causes 

questions and to testing hypotheses in the context of justification; qualitative 

methods, by contrast, are suited to addressing causes-of-effects questions and 

to generating hypotheses in the context of discovery. 

 Before closing, let us review a more extensive example of the use of 

qualitative and quantitative methods: John Snow’s work to establish the 

transmission medium of cholera during an outbreak of the disease in London 

in the 1850s. This example also illustrates the productiveness of “mixed 

methods” or “triangulation of methods”, namely the integration of 

quantitative and qualitative approaches in a single research project, which 

many recent writers in methodology of social science have emphasised.7 

 In a first phase, aiming at hypothesis generation, Snow posed a causes-

of-effects question: what causal mechanisms operated in people who 

contracted and in people who did not contract cholera? Choosing a qualitative 

approach, Snow conducted a within-case causal analysis or case study of a 

small number of Londoners. Snow established that, in people who had 

contracted cholera, the causal agent seemed to attack the alimentary canal 

first. He further established that few residents of buildings with a private 

water supply showed the disease. On this basis, he formulated the hypothesis 

that the transmission medium was contaminated water. 

 In a second phase, aiming to test this hypothesis, Snow posed an 

effects-of-causes question: what was the incidence of cholera in households 

that received water from various sources? Now pursuing a quantitative 

approach, Snow conducted a cross-case quasi-experiment, gathering just a 

couple of items of information from a large number of Londoners. The results 
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not only confirmed the hypothesis that Snow had formulated in his 

qualitative investigation, but also famously pinpointed the source of 

contaminated water in the Broad Street pump.8 

 Writers in history and philosophy of science have, of course, 

extensively studied both quantitative and qualitative methods in a variety of 

scientific disciplines. In their work, we find in particular a clear-sighted 

understanding of case study methodology, its sophistication, and the reasons 

why it is especially suited to hypothesis generation in fields ranging from 

psychoanalysis to social science.9 As we will see later, however, writers in 

history and philosophy of science who have discussed the use of case study 

methodology in their own discipline have not shown the same grasp and 

appreciation of the method. 

 

 

3. Quantitative Methods in History and Philosophy of Science 

 

Let us now look at the use of quantitative methods (this section) and 

qualitative methods (section 4) in the project to bring historical findings to 

bear as evidence for and against philosophical claims about science. 

 Sociologists and historians of science have long used quantitative 

methods to test general claims about science against historical evidence. 

Derek J. de Solla Price, for example, tested the hypothesis that science was 

growing exponentially against various quantitative indicators, such as 

numbers of publications and doctorates, since 1660.10 He reported that the 

historical data confirmed the hypothesis, and that they additionally indicated 

a doubling period of ten to fifteen years. Price’s work laid the foundations for 

quantitative science studies and scientometrics. Arnold Thackray and Roger 

Hahn surveyed similar early quantitative work in the discipline of history of 

science.11 We can expect the rise of “digital humanities” approaches to foster 

more quantitative work in history of science in future.12 



	 8 

 What about philosophy of science? We normally think of philosophy as 

a qualitative discipline, but in fact many claims in philosophy of science are 

implicitly quantitative or have quantitative implications. This is because 

many such claims pertain to parameters that come in degrees, such as 

empirical success, accuracy, simplicity, strength of evidence, degree of truth 

approximation, and unexpectedness of empirical findings. This feature makes 

it appropriate to use quantitative methods to test many philosophical claims 

about science against historical evidence. 

 Several groups of researchers have tested in this way “Planck’s 

principle”, the hypothesis that younger scientists are quicker than older ones 

to accept novel theories. This hypothesis is philosophically significant 

because, as David L. Hull, Peter D. Tessner, and Arthur Diamond pointed out, 

it suggests that “external” or social factors play an important role in 

determining scientists’ beliefs—perhaps outweighing “internal” or cognitive 

factors, such as evidence and argument.13 

 Hull, Tessner, and Diamond tested the specific hypothesis that, in 

Britain in the ten years following the publication in 1859 of Charles Darwin’s 

The Origin of Species, younger scientists accepted evolution of species more 

rapidly than older scientists. They collected two pieces of data for each of 67 

scientists who were born before 1839 and lived until at least 1869: their age in 

1859, and their age at the time of the earliest evidence (if any) that they had 

accepted evolution. Hull, Tessner, and Diamond found that the mean ages in 

1859 of scientists who accepted and who did not accept evolution by 1869 

were 39.6 and 48.1 years respectively (a statistically significant difference), but 

that age explained less than ten percent of the variance in acceptance, and that 

among scientists who had accepted evolution by 1869, older scientists were as 

quick to change their minds as younger scientists. They concluded that 

Planck’s principle was, on balance, disconfirmed. 

 Hull, Tessner, and Diamond’s approach clearly belongs to the suite of 

quantitative methods used in social science. First, it operates in the phase of 

hypothesis test. Second, it tackles an effects-of-causes question, namely to 
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what extent scientists’ ages influenced their propensity to adopt new theories. 

Furthermore, the authors performed cross-case analysis to carry out causal 

inference, but no within-case analysis: they made no attempt to ascertain the 

process by which any individual scientist adopted a theory. Lastly, of course, 

it deals with quantitative variables, namely ages. 

 Several subsequent writers have re-opened this research question and 

broader questions about the ages at which scientists make creative 

contributions, tackling them in similar ways.14 

 

 

4. Qualitative Methods in History and Philosophy of Science 

 

We turn now to qualitative methods used to bring evidence from history of 

science to bear on claims in philosophy of science.15 The principal form of 

qualitative method in the domain of history and philosophy of science is the 

case study. Case studies in the proper sense, we may remind ourselves, are 

circumscribed exploratory studies that aim to yield insights for a broader 

category. 

 This device had a distinguished place in the early development of 

history and philosophy of science. In 1945, James B. Conant used a pedagogy 

of historical case studies for his “General Education in Science” course at 

Harvard University: “It is my contention that science can best be understood 

by the layman through a close study of relatively few case histories”.16 

Conant’s approach may have suggested to Thomas S. Kuhn, a lecturer in this 

course, that our understanding of science was best furthered by an intensive 

study of crucial historical transitions, such as the Copernican revolution—as 

well as, perhaps, that scientists learned their craft by studying exemplars of 

good science, rather than by applying general rules.17 

 In these instances, case studies were used to gain insight into the 

working of science, or in hypothesis generation. Many later writers, however, 

have claimed to use case studies to test philosophical claims about science. 
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This proposal has run into two problems. First, case studies are, by and large, 

inappropriate to the aim of testing general claims about science. This is 

because an examination of a small number of cases provides a slender basis 

for evaluating a general claim, especially if the claim has quantitative content. 

The second problem—which to some degree counteracts the first—is that few 

things called “case studies” in history and philosophy of science have actually 

been case studies in the sense established in methodology of social science. 

 We see these twin misunderstandings take root in the development of 

the discipline. In the 1970s Imre Lakatos proposed a theory of scientific 

rationality, dubbed “methodology of scientific research programmes”; 

simultaneously, he proposed that one could evaluate a theory of rationality 

by gauging the degree of precision with which it enabled one to reconstruct 

the history of science.18 The test would consist in creating a “rational 

reconstruction” of episodes in the history of science on the basis of the theory 

of rationality at issue, and comparing that to the actual historical record. The 

greater the proportion of the historical record a theory of rationality construed 

as rational, according to Lakatos, the better that theory of rationality was. 

Testing a theory of rationality in this framework amounts clearly to posing an 

effects-of-causes question: what would the trajectory of science have been if a 

certain model of rationality had governed the reasoning and decision making 

of scientists in history? 

 This question calls for a quantitative method that performs a cross-case 

analysis. It is a sign of methodological unclarity, then, that Lakatos’s 

colleagues and students described tests of his theory of rationality as “case 

studies”. For example, Colin Howson explained that the volume, Method and 

Appraisal in the Physical Sciences, was dedicated to assessing “the fit between 

Lakatos’s ideas and scientific practice” by means of “case studies drawn from 

the history of the physical sciences”.19 But a series of within-case analyses 

cannot perform an effective test of Lakatos’s theory of rationality. To the 

contrary, the case studies that Howson assembled were more suited to posing 

causes-of-effects questions, or conducting within-case analysis to establish 
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which causal factors made the protagonists in the historical episodes act in the 

way they did. This amounted to appraising the protagonists in the historical 

episodes from the viewpoint of Lakatos’s theory of scientific rationality. 

 In his chapter on nineteenth-century theories of heat, for example, 

Peter Clark explained what he would show: 

 

that the early kinetic programme was progressive […]. Then that 

thermodynamics, though a progressive research programme, had a 

limited heuristic […], and that the kinetic programme degenerated 

after 1880 […]. Finally I shall show that the kinetic programme 

became empirically progressive after 1905, with the prediction, for 

example, of the existence and magnitude of the Brownian motion.20 

 

The promised evaluation of Lakatos’s theory of rationality by appeal to 

history of science has turned into an appraisal of the progressiveness of 

various research programmes in the history of science by appeal to the 

conceptual apparatus of Lakatos’s theory of rationality. This inversion is a 

natural consequence of Clark’s choice of a qualitative methodology over a 

quantitative one, I suggest. Whereas a quantitative approach would have 

required the researcher to deduce the observable implications of Lakatos’s 

model of rationality and assess whether they accorded with the historical 

record, the qualitative approach invited Clark to thematise the acts of past 

scientists as the explanandum and to show how the differential working of 

various causal factors could account for them. Historical data collected and 

treated in this way could in no way reveal Lakatos’s model of rationality to be 

inadequate. This emphasizes that a quantitative method and the case study 

method are not equivalent or interchangeable. 

 A second major research project in historicist philosophy of science 

was the collaborative initiative, “Testing Theories of Scientific Change”, based 

at Virginia Polytechnic Institute in the 1980s. First, Larry Laudan and his team 

collated some 250 hypotheses about scientific change put forward by Kuhn, 
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Paul K. Feyerabend, Lakatos, and Laudan.21 Subsequently, Arthur Donovan, 

Larry Laudan, and Rachel Laudan commissioned tests of 32 of these 

hypotheses in the form of what they called “case studies”.22 

 However, their methodology is badly flawed. There are five main 

criticisms. First, the claims that Donovan, Laudan, and Laudan targeted 

cannot be plausibly tested by a case study approach, but only by a 

quantitative approach. Virtually all 32 hypotheses under test posited a 

correlation between quantitative variables. One example is thesis GA4.5, 

“During a change in guiding assumptions (i.e., a scientific revolution), 

younger scientists are the first to shift and then conversion proceeds rapidly 

until only a few elderly holdouts exist”. This is a version of Planck’s 

principle—in section 3 above we saw Hull, Tessner, and Diamond test this 

thesis effectively by means of a quantitative approach. A second example is 

thesis T2.2, “The appraisal of a theory depends on its ability to solve problems 

it was not invented to solve”:23 this thesis too can be properly tested only by 

means of a quantitative method that performs a cross-case analysis. Donovan, 

Laudan, and Laudan’s proposal to test such claims by means of case studies 

was misguided. As Hull noted shortly afterwards: 

 

Although case studies are in principle sufficient to refute a general 

thesis, in practice they rarely do so. Too many objections can be 

raised to their relevance, applicability, construction, execution, etc. 

They are not even in principle sufficient to confirm a general thesis. 

Rarely, however, are theses about science presented in a universal 

form. Usually they are hedged here and there. […] Systematic, 

preferably quantitative, studies are required to test claims such as 

these.24 

 

 Second, Laudan, Laudan, and Donovan misunderstood quantitative 

methods: 
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We deliberately chose a historical case-study […] method rather 

than experiments, surveys or ethnomethodological studies […]. 

Our reasons for rejecting an experimental method are so obvious as 

to scarcely need explaining. Given our lack of control over the 

events that constitute scientific change and the impossibility of 

creating a situation in which we could manipulate such events, an 

experimental study of scientific change was out of the question.25 

 

This explanation for neglecting quantitative methods is not convincing, 

however. Control over or manipulability of events is not a prerequisite of 

quasi-experimental methods in social science. Indeed, Hull, Tessner, and 

Diamond used a quasi-experimental method applied to a nineteenth-century 

population, for which there can be no suggestion of control or manipulation. 

 Third, Laudan, Laudan, and Donovan did not clearly distinguish case 

studies from quantitative methods. They explained why they felt that they 

had to commission new case studies: although in the previous literature 

“there are a handful of case studies which seek to apply various theories of 

scientific change to selected episodes in the natural sciences”, “most of the 

avowed ‘tests’ would not pass muster on even the most tolerant view of 

robust experimental or quasi-experimental design”.26 This criticism of the 

previous literature is puzzling, since experimental and quasi-experimental 

methods belong to the family of quantitative methods, which is separate from 

the qualitative methods that include case study methodology. Case studies 

are not held to the same requirements as experimental or quasi-experimental 

methods. 

 Fourth, the things that Donovan, Laudan, and Laudan offered as “case 

studies” would not, in fact, be recognized as such by users of qualitative 

methods in social science. Take as an example C. E. Perrin’s test of thesis 

GA4.5.27 Perrin tested the hypothesis that, in eighteenth-century France, 

younger scientists switched from the phlogiston to the oxygen theory of 

combustion more rapidly than older scientists. He followed the procedure of 
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Hull, Tessner, and Diamond. He gathered two pieces of data on each of 69 

chemists: their ages in 1785 and their ages at the time of the first known 

documentation showing that they had adopted key components of the oxygen 

theory. Perrin interpreted his findings as disconfirming thesis GA4.5. To call 

this a “case study” is a misrepresentation: it is an orthodox quantitative study. 

Most of the other chapters in the volume fall foul of the team’s own criticism 

of previous attempts: “many of the avowed case studies are not ‘tests’ of the 

theory in question at all; rather, they are applications of the theory to a 

particular case”.28 

 Fifth, the group confused hypothesis generation with hypothesis test, 

and the role that case studies can play in these two contexts. In a recent look 

back on the Virginia Polytechnic Institute initiative, Laudan and Laudan 

wrote: 

 

A basic premise of hyphenated history-and-philosophy-of-science 

is that theories of scientific change have to be based on empirical 

evidence derived from carefully constructed historical case studies. 

This paper analyses one such systematic attempt to test 

philosophical claims, describing its historical context, rationale, 

execution, and limited impact.29 

 

The first sentence suggests plausibly that historical case studies can be a 

source of evidence for formulating theories of scientific change. The second 

sentence, however, shifts from hypothesis formulation to hypothesis test, 

suggesting that case studies can serve to test theories of scientific change—a 

more problematic assertion. 

 Perhaps because of this confused track record of the category of “case 

study” in history and philosophy of science, confidence in the method among 

writers on methodology of history and philosophy of science has fallen. 

Joseph C. Pitt provided one of the most trenchant rejections: 
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What do appeals to case studies accomplish? Consider the 

dilemma: On the one hand, if the case is selected because it 

exemplifies the philosophical point, then it is not clear that the 

historical data hasn’t been manipulated to fit the point. On the 

other hand, if one starts with a case study, it is not clear where to 

go from there—for it is unreasonable to generalize from one case or 

even two or three.30 

 

In this way, Pitt dismisses the sophisticated and powerful case study 

methodology, which social scientists have successfully applied in a wide 

variety of settings. In answer to Pitt, there is no “dilemma”: case studies are a 

tool designed not to “exemplify a point”, but for hypothesis generation; and 

the methodology of case studies involves not “generalizing” from a few cases, 

but conducting within-case causal analysis in order to formulate a hypothesis 

that may subsequently be tested by means of quantitative methods. 

 Nevertheless, writers have continued to criticize case study 

methodology in history and philosophy of science for limited usefulness and 

unreliability. Jutta Schickore has advocated that we abandon entirely the 

project of confronting philosophical models of science with historical data, 

largely because of the problems of using historical case studies.31 Adrian 

Currie has argued that case studies cannot serve as a source of inductive 

evidence, and that lifting the “curse of case studies” in philosophy of science 

involves restricting them to heuristic, rhetorical, and illustrative roles.32 

Katherina Kinzel has concluded that the question, “how can case studies from 

the history of science support claims in philosophy of science?”, admits no 

strong answer: whereas historical reconstructions may serve various useful 

functions, the theory ladenness of case studies makes them unsuited to 

adjudicate between philosophical claims.33 Most recently, despite noting that 

researchers in social and medical sciences use the case study method 

productively in hypothesis generation, Wolfgang Pietsch has underlined the 
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difficulties of generalizing from case studies, and advocated restricting them 

chiefly to the role of developing conceptual schemes.34 

 I find these judgements to be unduly despairing. Case study 

methodology has potentially no less productiveness and value in history and 

philosophy of science than it has shown over decades in social science. The 

necessary condition is that we acknowledge that case studies are a method 

primarily to generate, rather than to confirm, hypotheses, we refrain from 

asking case studies to carry out functions for which they are unsuited, and we 

avoid using the label “case study” for methodological devices that do not fall 

within this category. 

 

 

5. Testing Scientific Realism 

 

The issues that we have discussed up to now come together in the project of 

testing scientific realism, one of the most important loci of the discussion on 

how to use historical data to test philosophical theories and models of science. 

We take scientific realism to be the thesis that a scientific theory’s 

observational success follows from its referential success, or its success in 

identifying real structures in the world. How can we bring historical evidence 

to bear in testing such a thesis? 

 Three preliminary considerations apply. First, both referential success 

and observational success are properties that admit degrees: theories can be 

more or less right about the structure of the world, and their predictions can 

be more or less accurate. Most writers have endorsed the common-sense view 

that, in general, later scientific theories have shown more observational 

success than earlier ones.35 

 Second, scientific realism posits a correlation between these two 

quantitative variables: theories with a high or higher degree of referential 

success achieve a high or higher degree of observational success. The 

discovery of a strong correlation between degrees of referential success and 
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degrees of observational success in theories in history would constitute a 

strong confirmation of scientific realism; the absence of such a correlation, by 

contrast, would disconfirm realism. Philosophers of science have discussed, 

partly by appeal to probabilistic arguments, how we could expect a 

correlation of this kind to manifest itself in the historical record.36 

 Third, since it is possible for untrue premises to entail a true 

conclusion, there are innumerably many conceivable theories that have low 

referential success but high observational success. Some scientific realists 

have suggested that it is unlikely—even a “miracle”—that a theory actually 

put forward in history could have had high observational success without 

some degree of referential success. No one, however, has considered this 

outcome impossible. 

 For these reasons, testing scientific realism by reference to history of 

science calls for a quantitative approach. Such an approach would pose the 

required forward causal inference question: what consequences follow from a 

theory’s degree of referential success? To answer this question systematically, 

we need to formulate quantitative estimates of the degrees of referential and 

observational success of a large number of scientific theories in history, and 

gauge the strength of the correlation between referential success and 

observational success in this data set. 

 In summary, if we wish to test scientific realism against historical 

evidence, we should follow the approach by which Hull, Tessner, and 

Diamond tested Planck’s principle. Admittedly, constructing quantitative 

estimates of the degrees of referential and observational success of past 

scientific theories is more difficult than harvesting biographical data. 

However, any historical test of scientific realism would require us, explicitly 

or implicitly, to form an opinion of the referential and observational success 

of past theories: all that a quantitative method demands is that we commit 

ourselves to specific estimates about a sufficiently large number of theories. 

 What about a qualitative approach, such as the case study method? 

This would be less appropriate. It would consist in choosing scientific theories 
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in history that have shown a high degree of observational success, 

reconstructing what led to their success, and checking whether referential 

success played a part. This approach would have two interrelated 

shortcomings. First, the case studies themselves would deliver no estimate of 

the strength of the correlation between referential and observational success: 

that would have to be reached separately. Second, the approach would yield 

only conclusions based on the individual theories examined: in order to guard 

against cherry-picking of cases, the conclusions would still have to be tested 

against a wider sample. 

 The empirical tests of scientific realism that philosophers of science 

have actually mounted have gone slightly differently. Larry Laudan 

presented his test as refutation: “the history of science […] decisively confutes 

several extant versions of […] scientific realism”. He attempted to carry out 

this refutation on the strength of thirteen “theories which were both 

successful and (so far as we can judge) non-referential”, such as the family of 

aether theories of the 1830s and 1840s, which Laudan presented as 

counterexamples to scientific realism.37 

 This approach is flawed, because of the mismatch between the 

quantitative phenomenon and the method of refutation. Laudan 

acknowledged that both referential and observational success came in 

degrees. He interpreted a theory’s referential success in terms of 

“approximate fit” with the world and “approximate truth”, which are self-

evidently quantitative properties. Similarly, he wrote that calling a theory 

observationally successful meant that “it has functioned in a variety of 

explanatory contexts, has led to confirmed predictions and has been of broad 

explanatory scope”, also accomplishments that come in degrees.38 But a 

statistical hypothesis cannot be refuted in any straightforward way. Laudan, 

therefore, was able to proceed only by reinterpreting the two relevant terms 

as binary properties, rather than as showing degrees, and by reformulating 

scientific realism as the claim that possession of one was a necessary condition 

for possession of the other. He listed the thirteen theories as if they 
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straightforwardly had observational success but lacked referential success. 

This, however, goes against our understanding of these quantitative 

parameters. 

 The truth is that, even if these thirteen theories had had very low 

referential success and very high observational success, there could still be a 

strong correlation between referential and observational success in history. 

These theories could have been outliers, perhaps cherry-picked for that 

reason. Even if it could be carried to fruition, therefore, Laudan’s approach 

would not yield an estimate of the strength of the correlation between 

referential and observational success. For that, we need a quantitative 

approach that tests the hypothesis of the correlation against as wide and 

representative a sample of past scientific theories as possible. 

 Many subsequent philosophers of science have rightly regarded 

Laudan’s article as a landmark in the use of history of science as evidence in 

philosophy of science. However, they have differed in the lessons that they 

have drawn from it. 

 Some writers have followed Laudan in regarding attempted refutation 

or modus tollens as the correct way to test scientific realism.39 A second group 

has interpreted Laudan’s argument as inductive or, more specifically, as a 

“pessimistic meta-induction”.40 For example, Stathis Psillos has rejected 

Laudan’s findings on the grounds that “the inductive basis is not big and 

representative enough to warrant the pessimistic conclusion”.41 It remains 

unclear, however, how either attempted straightforward refutation or 

enumerative induction could test a hypothesis that two quantitative 

parameters are correlated. 

 A third group has explored quantitative methods, albeit not yet a 

direct test of a correlation between referential and observational success of 

past theories. Moti Mizrahi has argued that the historical record contained 

fewer abandoned theories and theoretical posits than antirealists have 

assumed. Citing Price’s claim that science has grown exponentially, Ludwig 

Fahrbach has argued that Laudan’s examples were not representative of 
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scientific theories, because they belonged to the earliest ten percent of 

scientific work up to now.42 

 The largest group, including Timothy D. Lyons, Juha Saatsi, and Peter 

Vickers, has followed a fourth project. It has embarked on detailed scrutiny of 

each of Laudan’s historical examples, as well as similar examples that have 

been proposed subsequently, to gauge to what extent they truly weighed 

against scientific realism. This work consists chiefly in examining to what 

extent the observational success of past theories depended on theoretical 

components that scientists later abandoned. This is a valuable critical audit of 

the historical data, which will yield more refined estimates of the degrees of 

referential and observational success of some individual past theories: it can 

be regarded as an essential step preliminary to a quantitative test of the thesis 

of scientific realism. 

 Many writers who have contributed to this fourth project have voiced 

two assumptions: first, that this work consists in the production of case 

studies, and second, that this audit of the data itself constitutes a historical 

test of scientific realism.43 

 Neither of these assumptions is tenable, however. First, genuine case 

study methodology would be useful if we wished to generate hypotheses 

about the factors responsible for the observed observational success of some 

theories—a reverse causal inference question. All contributors to this project, 

by contrast, already have a clear hypothesis ready for testing: that there is a 

correlation between referential and observational success in theories. To 

describe the fourth project as producing case studies is therefore misleading: 

an examination of an individual historical case is not necessarily case study 

methodology in the strict sense. 

 Second, testing similar general hypotheses requires a cross-case 

analysis on the broadest evidential sample possible, not a study of individual 

examples. Because the hypothesis at issue here posits a correlation, 

furthermore, a quantitative approach is all the more necessary. Tests of the 

thesis of scientific realism must thus still consist in checking for a correlation 
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between degrees of referential and observational success in as broad a 

population of historical scientific theories as possible. Whereas the fourth 

project consists in a valuable preliminary refinement of the empirical basis, it 

does not on its own constitute a test of the thesis of scientific realism: that 

work remains to be done. 

 This, I suggest, helps to explain why the debate on the historical 

plausibility of scientific realism, which has proceeded since the 1980s in terms 

of falsification, enumerative induction, and case study methodology, has not 

approached resolution. We need, instead, a test of the thesis of scientific 

realism that uses cross-case analysis to tackle forward causal inference or 

effects-of-causes questions: in short, quantitative methods. 

 This review of the scientific realism debate confirms what we found in 

earlier sections: the philosophy of science community has tended to 

undervalue quantitative methods and to omit to apply them even when a 

research question called for such an approach. Instead, philosophers of 

science minded to test their claims by appeal to history of science have tended 

to recognize only three methods for doing this: refutation, induction, and the 

case study method—and they have imperfectly understood the latter. 

 

 

6. Conclusions 

 

Because many philosophical claims about science—including the thesis of 

scientific realism—are quantitative, consisting of the claim that two variables 

are correlated, any effective test of them requires quantitative methods. 

Qualitative methods, like the case study method, are less suited to this task, 

for at least two reasons. First, in general, the case study method is less suited 

to hypothesis test than to hypothesis formulation. Second, more specifically, 

qualitative methods are unsuited to testing claims that one variable is 

correlated with another. 
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 Unfortunately, philosophers of science have been less ready to use 

quantitative methods to test such claims than they should be. Many 

philosophers of science have thought, instead, that they could use a 

qualitative method, specifically the case study method, to this end. In a 

further twist, the methods that some philosophers of science have used to test 

quantitative claims, which they have called “case studies”, have not fulfilled 

the specifications of a case study method. 

 We could sum up the situation by saying that philosophers of science 

have shown considerable methodological unclarity and even confusion. This 

is a puzzling and painful finding. We expect philosophers of science, among 

all researchers, to be aware of and reflective about methodological questions; 

furthermore, since many philosophers of science traditionally have had 

affinity with quantitative and experimental sciences, we might expect them 

properly to value quantitative methods. The contrary seems to have been the 

case. 

 In recent decades, the project of testing philosophical claims by appeal 

to history of science has become less fashionable. Part of the reason is, I think, 

that inappropriate choice of methods has doomed the project to failure. To 

revitalise the project, I suggest the following measures for philosophers of 

science. First, cultivate more willingness to learn from methodological debates 

in social sciences, and from the ability of these disciplines to combine 

qualitative and quantitative approaches. Second, for clarity, confine the term 

“case study” strictly to circumscribed exploratory studies that aim to yield 

insights for a broader category, as the term is used in methodology of social 

science. I do not regard this as excessive terminological purism: social 

scientists have done so much to refine case study methodology that I think we 

should defer to their definition. Third, refocus attention onto the specifically 

quantitative aspects of philosophical claims about science, including the thesis 

of scientific realism. Fourth, promote quantitative research in history of 

science. To adjudicate the debate about scientific realism, for example, 

estimates of the degrees of observational and referential success of past 
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theories would be very useful. Fifth, integrate qualitative and quantitative 

methods in history and philosophy of science: then, case studies can revert to 

their proper role of permitting within-case causal analysis and suggesting 

hypotheses, without shouldering the burden of testing general quantitative 

claims about science.44 
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