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Abstract
Popper’s (1983, 2002) philosophy of science has enjoyed something of a renais-
sance in the wake of the replication crisis, offering a philosophical basis for the 
ensuing science reform movement. However, adherence to Popper’s approach may 
also be at least partly responsible for the sense of “crisis” that has developed fol-
lowing multiple unexpected replication failures. In this article, I contrast Popper’s 
approach with that of Lakatos (1978) as well as with a related but problematic 
approach called naïve methodological falsificationism (NMF; Lakatos, 1978). The 
Popperian approach is powerful because it is based on logical refutations, but its 
theories are noncausal and, therefore, potentially lacking in scientific value. In con-
trast, the Lakatosian approach considers causal theories, but it concedes that these 
theories are not logically refutable. Finally, NMF represents a hybrid approach that 
subjects Lakatosian causal theories to Popperian logical refutations. However, its 
tactic of temporarily accepting a ceteris paribus clause during theory testing may be 
viewed as scientifically inappropriate, epistemically inconsistent, and “completely 
redundant” (Lakatos, 1978, p. 40). I conclude that the replication “crisis” makes the 
most sense in the context of the Popperian and NMF approaches because it is only 
in these two approaches that the failure to replicate a previously corroborated theory 
represents a logical refutation of that theory. In contrast, such replication failures 
are less problematic in the Lakatosian approach because they do not logically refute 
theories. Indeed, in the Lakatosian approach, replication failures can be temporarily 
ignored or used to motivate theory development.

Keywords  Metascience · Popper · Philosophy of science · Lakatos · Replication 
crisis · Theory testing

The replication crisis occurred because replication rates were lower than “expected 
or desired” (Nosek et  al., 2022, p. 724; see also Munafò et  al., 2017, p. 1; Open 
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Science Collaboration, 2015, p. 7), although it remains unclear what an “acceptable” 
replication rate should be (Rubin, 2023b, p. 4). A seminal attempt to replicate 100 
psychology studies kick-started the crisis by finding that only 39% of effects were 
rated as replicable (Open Science Collaboration, 2015). Subsequent work has raised 
concerns about a replication crisis in other disciplines including, for example, pre-
clinical cancer biology (Errington et al., 2021), economics (Chang & Li, 2022), and 
experimental social and behavioural science (Camerer et al., 2018).

Researchers have tended to focus on false positive results in original studies as the 
primary cause of the replication crisis. The assumption is that questionable research 
practices have inflated the “actual” false positive rate above the nominal level, lead-
ing to a surprising number of replication failures (e.g., Munafò et  al., 2017).1 In 
contrast, philosophers of science have focused less on poor research practices and 
more on general research principles. For example, Bird (2021) argued that the sur-
prising number of replication failures is not caused by a larger than expected num-
ber of false positive results but by a larger than expected number of false hypoth-
eses. Maziarz (2024) argued that ostensibly conflicting results may represent valid 
answers to different research questions rather than false positive results in one or  
other study. Finally, Rubin (2023b), Feest (2019), and to some extent Fletcher (2021,  
p. 8) have argued that the centrality of replications in science has been overplayed 
(cf. Sikorski & Andreoletti, 2023).

The replication crisis has also highlighted the distinction between direct (close) 
replications and conceptual replications (e.g., Crandall & Sherman, 2016; Derksen 
& Morawski, 2022; Feest, 2019; Nosek & Errington, 2020; Rubin, 2020; Sikorski & 
Andreoletti, 2023; Zwaan et al., 2018). Direct replications attempt to test the same 
hypothesis using the same conditions, methods, and analyses as in the original study, 
whereas conceptual replications test the same hypothesis using different conditions, 
methods, and/or analyses. Key issues here have been (a) how to define “same” and 
“different,” (b) which type of replication has more scientific value, and (c) whether 
the distinction between “direct” and “conceptual” is useful. For example, Nosek and 
Errington (2020) described the distinction as “at least irrelevant and possibly coun-
terproductive for understanding replication and its role in advancing knowledge” (p. 
2; see also Derksen & Morawski, 2022; Feest, 2019; Rubin, 2020).

Popper’s (1983, 2002) work has figured prominently throughout these discus-
sions. His approach is regarded as “useful for both understanding and remediating 
the replication crisis” (O’Donohue, 2021, p. 236), and the ensuing science reform 
program has been described as “distinctly Popperian” (Derksen, 2019, p. 460; see 
also Flis, 2019). Certainly, many aspects of Popper’s work are useful in science 
in general and in relation to the replication crisis and science reform in particular. 
However, concerns about multiple unexpected replication failures may also be more 
relevant in the Popperian approach than in other approaches. From this perspective, 
adherence to the Popperian approach may have accentuated the sense of a replica-
tion “crisis.” Accordingly, it is worth considering how other philosophies of science 
might characterise multiple unexpected replication failures.

The purpose of this article is to undertake a general philosophical assessment of the 
impact of replication failures in the context of three approaches in the philosophy of 
science: Popper’s (1983, 2002) approach, Lakatos’ (1978) approach, and a related but 
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problematic approach called naïve methodological falsificationism (Lakatos, 1978). I 
conclude that the replication crisis may be less of a “crisis” for Lakatosians.

Popper argued that theories are only scientific if they are logically falsifiable (e.g., 
Popper, 1983, pp. xix-xx), meaning that they have the potential to be falsified through 
a process of logical deduction. Lakatos (1978) disagreed. In a paper that Feyerabend 
(1975) described as “one of the most important achievements of twentieth-century phi-
losophy,” Lakatos (1970, 1978) proposed that “exactly the most admired scientific the-
ories simply fail to forbid any observable state of affairs” (Lakatos, 1978, p. 16, italics 
omitted).  Popper (1974b) responded that, “were the [Lakatosian] thesis true, then my 
philosophy of science would not only be completely mistaken, but would turn out to be 
completely uninteresting” (p. 1005).

To understand the reasons for this disagreement, I begin by considering the differ-
ent ways in which Popper and Lakatos conceptualized scientific theories, focusing in 
particular on the concept of causality. For Popper, scientific theories are noncausal uni-
versal statements (e.g., “all swans are white”), whereas for Lakatos scientific theories 
specify causal connections (e.g., “swanness causes whiteness”).

I then discuss the implications of these different conceptualisations for the logical 
falsifiability of scientific theories. Both Popper and Lakatos agreed that causal theories 
are not logically refutable. Hence, for Popper, scientific theories must be noncausal in 
order to be logically refutable, whereas for Lakatos, scientific theories must be causal 
and, therefore, not logically refutable.

I also discuss a third position called naïve methodological falsificationism (NMF). 
This approach assumes that causal theories can be made to be logically refutable by ten-
tatively accepting a ceteris paribus clause that states that no other causally relevant fac-
tor is at work during the testing of the theory. I argue that this approach is problematic 
because accepting a ceteris paribus clause during theory testing is scientifically inappro-
priate, epistemically inconsistent, and “completely redundant” (Lakatos, 1978, p. 40).

I then consider the extent to which the replication crisis is a “crisis” within the Pop-
perian, Lakatosian, and NMF approaches. I argue that replication failures are more 
impactful in the Popperian and NMF approaches than in the Lakatosian approach 
because it is only in these first two approaches that replication failures logically refute 
theories.

Finally, I consider some responses to the replication crisis. I argue that Popperian and 
NMF researchers may be reticent to adopt a “hidden moderator” explanation of replica-
tion failures because it precludes the logical refutation of extant theories. In contrast, 
Lakatosian researchers are more amenable to a hidden moderator explanation because 
they are concerned about the development of theories rather than their logical refuta-
tion. I close by discussing three alternative perspectives on the Lakatosian approach put 
forward by Zwaan et al. (2018b), Earp and Trafimow (2015), and Uygun-Tunç and Tunç 
(2023).
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1 � What is a scientific theory?

A concern in some areas of modern science is that researchers are focused on the 
collection of robust and reliable empirical effects rather than on testing substan-
tive theory. This naïve empiricism (Forscher, 1963; Strong, 1991) makes induc-
tive predictions about future effects based on reliable demonstrations of past 
effects. However, it does not focus on theoretical explanations of those effects. 
Consequently, although naïve empiricism may be able to tell us that an effect is 
likely to reoccur, it struggles to explain why the effect occurs or when and where 
it is unlikely to occur. Popper and Lakatos both rejected this naïve empiricist 
view of testing effects and instead focused on testing hypotheses and theories.

According to Popper, a strictly universal statement or law such as “all swans are 
white” can serve as a scientific hypothesis (Popper, 2002, p. 38). This hypothesis 
can be used to deduce a “negative” prediction, such as “there will be no non-white 
swans at this time and place.” This “nonexistential proposition” is a “specializa-
tion of a universal law…to a particular space-time region”; Popper, 1974b, p. 998). 
However, there are no non-white swans in lots of space-time regions (Popper, 2002, 
p. 83), and “we cannot search the whole world in order to make sure that noth-
ing exists which the law forbids” (Popper, 2002, p. 49). Consequently, the univer-
sal statement must be combined with (a) the initial conditions of a specific space-
time region and (b) the auxiliary hypotheses of a test (which together constitute 
our background knowledge) in order to deduce a “potential falsifier” in that particu-
lar region. This potential falsifier takes the form of a “basic statement” (a singular 
existential statement that refers to a specific space-time region) that describes an 
intersubjectively observable event such as “there is a black swan in this location at 
this time” (see also  Popper, 1974b, p. 997; Popper, 1983, p. xx; Popper, 2002, pp. 
38, 83). Acceptance of this potential falsifier during hypothesis testing will then 
logically refute the hypothesis that “all swans are white.” It is important to note that 
this logical refutation does not necessarily imply that we should reject and abandon 
the hypothesis (Popper, 1974b, p. 1009). Other non-logical matters must be taken 
into account before making this more substantive decision.

Lakatos (1978) did not disagree with the above reasoning. However, he argued 
that the hypothesis “all swans are white” is not a scientific theory. According 
to him, “a proposition might be said to be scientific only if it aims at express-
ing a causal connection” (pp. 18–19). For example, the proposition “swanness 
causes whiteness” (Lakatos, 1978, p. 19) represents a scientific theory because it 
expresses a causal connection (e.g., swan DNA causes white plumage; Karawita 
et al., 2023).

Contrary to Lakatos (1978), Popper (2002, p. 39) believed that the “principle 
of causality” should be excluded from science because it is a metaphysical con-
cept. Hence, he would reject Lakatos’ (1978, p. 19) proposal that the statement 
“swanness causes whiteness” represents a scientific theory. This is not to say that 
Popper ignored causal explanations. As he explained, “to give a causal explana-
tion of an event means to deduce a statement which describes it, using as prem-
ises of the deduction one or more universal laws, together with certain singular 
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statements, the initial conditions” (Popper, 2002, p. 38, italics omitted). Popper 
gave an example in which (a) the hypothesis is “whenever a thread is loaded with 
a weight exceeding that which characterizes the tensile strength of the thread, 
then it will break”; (b) the two initial conditions are “the weight characteristic for 
this thread is 1lb,” and “the weight put on this thread was 2lbs”; and (c) the (posi-
tive) prediction is “this thread will break” (Popper, 2002, p. 38). In this situation, 
the observation that “this thread broke” and the situation in which it occurred 
are the explicandum or “state of affairs to be explained,” and the theory and its 
deduced prediction in relation to the initial conditions represent the indepen-
dently testable explanation or explicans (Popper, 1983, p. 132). In addition, the 
initial conditions describe the “cause,” and the prediction describes the “effect” 
(Popper, 2002, pp. 38–39).

Critically, however, and in contrast to Lakatos, Popperian hypotheses and theories 
are noncausal universal statements (“all swans are white”) rather than causal con-
nections (“swanness causes whiteness”). As in the above example, initial conditions 
and predictions may be described as “causes” and “effects” respectively. However, 
Popper (2002) preferred to avoid these terms, and he was clear that no “principle of 
causality” should be invoked (p. 39). As he explained, “I shall be content simply to 
exclude it [the principle of causality], as ‘metaphysical’, from the sphere of science” 
(Popper, 2002, p. 39; see also Popper, 2002, p. 48). Hence, what is logically refuted 
in a Popperian theory test is a noncausal universal statement rather than a causal 
connection.2

Lakatos (1978) was concerned that, in the absence of a metaphysical causal con-
nection, a Popperian theory may be regarded as a “mere curiosity” or “oddity” with-
out any obvious “scientific value” (pp. 18–19). Why are all swans white? By itself, 
a Popperian theory does not provide an explicit answer to this question. This situa-
tion was unsatisfactory for Lakatos, who argued that “science…must be demarcated 
from a curiosity shop where funny local − or cosmic − oddities are collected and dis-
played” (p. 18). Similarly, Pearce (1990) noted that Popper’s “all swans are white” 
example “has little relevance to science since scientific theories are not generali-
zations of facts; rather, they involve an understanding of the underlying processes 
that cause certain facts to occur” (p. 47, my emphasis). Lakatosian theories pro-
vide this scientific relevance in the form of causal connections: “all swans are white 
because swanness causes whiteness.” Theorists adopt this Lakatosian approach 
whenever they incorporate causal connections in their theorizing and modelling. For 
example, as Guest and Martin (2021) explained, “a theory is a scientific proposi-
tion − described by a collection of natural-language sentences, mathematics, logic, 
and figures − that introduces causal relations with the aim of describing, explaining, 
and/or predicting a set of phenomena (Lakatos, 1976…)” (p. 794, my emphasis).

In summary, for Popper, scientific theories must be logically falsifiable, whereas for 
Lakatos, they must be causal connections. In the Popperian approach, a logically fal-
sifiable universal statement represents both a hypothesis and a theory (Popper, 2002, 
pp. 4, 37–38, 48; see also Hager, 2000, p. 5; Monnerjahn, 2019).3 Hence, a logical 
refutation of a hypothesis is also a logical refutation of a scientific theory. In contrast, 
the Lakatosian approach provides a conceptual distinction between noncausal hypoth-
eses and causal theories: A noncausal hypothesis (e.g., “all swans are white”) is not 
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a scientific theory because it does not provide a causal connection (e.g., “swanness 
causes whiteness”). Consequently, for Lakatos, the logical refutation of a hypothesis 
does not necessarily imply the logical refutation of its associated theory (e.g., the refu-
tation of “all swans are white” does not necessarily imply the refutation of “swanness 
causes whiteness”). Indeed, as I discuss next, Lakatos argued that causal theories are 
not logically refutable (for a similar view, see Putnam, 1991).

2 � Lakatos’ view that causal theories are not logically refutable

There are many causes in the universe, including some that may confound and coun-
teract the particular cause that we are investigating in our study (Johansson, 1980). 
For example, a genetic factor may cause a swan to be black even though it remains 
true that swan DNA causes white plumage. The intervention of this counteracting 
cause would not logically refute our causal theory because it operates independently 
from our theorized cause. In addition, our theorised cause may be moderated by 
various factors. For example, swan DNA may only cause white plumage in some 
environments and not in others. Again, moderator factors do not refute the existence 
of putative causes; they merely limit their influence.

To acknowledge the potential impact of these confounding, counteracting, and mod-
erating factors, we may attempt to delineate them within an exclusive ceteris paribus 
clause which states that various specified and unspecified causally relevant factors do not 
affect our results during theory testing (see also Putnam, 1991, p. 137; Trafimow & Fie-
dler, 2024). However, this clause may be incorrect because other relevant factors may, in 
fact, affect our test results. Hence, we need to acknowledge that a test of a causal theory 
is also a test of a fallible ceteris paribus clause. For example, we don’t just test the the-
ory that “swanness causes whiteness”; we test a conjunction of this theory and a ceteris 
paribus clause: “swanness causes whiteness provided that no other relevant factor is at 
work” (Lakatos, 1978, pp. 17–18). The observation of a black swan may then refute this 
proposition because either (a) swanness does not cause whiteness or (b) swanness does 
cause whiteness but some other relevant factor has intervened to produce a black swan. 
Hence, Lakatos argued that, although a black swan can logically refute the noncausal 
hypothesis that “all swans are white,” it cannot logically refute the causal theory that 
“swanness causes whiteness” because it may instead refute the fallible ceteris paribus 
clause that “no other relevant factor is at work” (see also Putnam, 1991, p. 127).

Note that Lakatos’ concern here was only about testing causal theories. He agreed 
with Popper’s approach of testing noncausal hypotheses. In particular, he agreed with 
Popper that tentatively and temporarily accepting certain initial conditions and (non-
causal) auxiliary hypotheses as unproblematic background knowledge during hypothesis 
testing “cannot be avoided” (Lakatos, 1978, pp. 42–43). However, as discussed above, 
he argued that tests of noncausal hypotheses per se provide an inadequate approach to 
science, and that tests of associated causal theories are not logically refutable.

Lakatos also accepted that it is possible for us to become more confident in our 
tests of causal theories by subjecting the ceteris paribus clause to severe tests.
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“How can one test a ceteris paribus clause severely? By assuming that there 
are other influencing factors, by specifying such factors, and by testing these 
specific assumptions. If many of them are refuted, the ceteris paribus clause 
will be regarded as well-corroborated” (Lakatos, 1978, p. 26, italics in origi-
nal; for a similar approach, see Uygun-Tunç & Tunç, 2023).

Nonetheless, like Popper, he maintained that “the decision to ‘accept’ a ceteris pari-
bus clause is a very risky one because of the grave consequences it implies” vis-à-vis the 
premature falsification of a causal theory (Lakatos, 1978, p. 26; see also  Popper, 1974b, 
Footnote 75, pp. 1186–1187). Consequently, Lakatos’ (1978, pp. 37–38) sophisticated 
methodological falsificationism does not tentatively accept the ceteris paribus clause dur-
ing theory testing, and it cannot logically refute the theories it tests. Instead, in Lakatos’ 
sophisticated approach, a theory is only regarded as being falsified when a new theory 
has been proposed that (a) accounts for the old evidence that previously supported the 
falsified theory, (b) makes new predictions that are improbable under the falsified theory, 
and (c) some of those new predictions are subsequently corroborated (Lakatos, 1978, p. 
32). The new theory may be based on a modification of the falsified theory, rather than 
its outright rejection, where the modification involves the addition of one or more auxil-
iary hypotheses that qualify the scope of the falsified theory (Lakatos, 1978, p. 33).

3 � Naïve methodological falsificationism

In summary, the Popperian approach is powerful because it is based on logical refu-
tations, but its weakness is that its theories are noncausal and, therefore, potentially 
lacking in scientific value (a “mere curiosity”; Lakatos, 1978, p. 19). In contrast, the 
Lakatosian approach is powerful because it tests causal theories, but its weakness is 
that its theories are not logically refutable.

Lakatos (1978) noted the possibility of a third, problematic, approach to theory 
testing, which he described as naïve methodological falsificationism (NMF). From 
my perspective, NMF hybridizes the Popperian and Lakatosian approaches. It 
claims both the deductive power of Popper’s logical refutations and the scientific 
relevance of Lakatos’ causal theories. It does so by attempting to logically refute not 
only noncausal hypotheses (“all swans are white”), but also causal theories (“swan-
ness causes whiteness”). Like the Popperian and Lakatosian approaches, the NMF 
approach influences appraisals of replication failures. Hence, I explain how it oper-
ates, and I consider its weaknesses.

According to Lakatos (1978), the NMF approach circumvents the logical prob-
lems associated with testing causal theories by temporarily and tentatively accepting 
the ceteris paribus clause that “no other relevant factor is at work” during theory 
testing. Consequently, the ceteris paribus clause is excluded from the test and the 
specific causal theory is left as the only remaining statement that can be logically 
refuted by an anomalous result. As Lakatos (1978) explained, “we may call an event 
described by a statement A an ‘anomaly in relation to a theory T’ if A is a potential 
falsifier of the conjunction of T and a ceteris paribus clause but it becomes a poten-
tial falsifier of T itself after having decided to relegate the ceteris paribus clause 
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into ‘unproblematic background knowledge’” (p. 26, italics in original). However, 
there are three related problems with the NMF approach of accepting ceteris paribus 
clauses as unproblematic (i.e., irrefutable) during theory testing. 

3.1 � Accepting ceteris paribus clauses is scientifically inappropriate

Accepting the ceteris paribus clause as temporarily “unproblematic” during a causal 
theory test changes the proposition under test from the logically irrefutable statement 
that “swanness causes whiteness provided that no other relevant factor is at work” to 
the logically refutable statement that “swanness causes whiteness and no other relevant 
factor is at work.” One potential problem with this approach is that the proposition “no 
other relevant factor is at work” is unrealistic given the infinite range of potential fac-
tors to which it refers. For example, even if it is true that “swanness causes whiteness,” 
it is unreasonable to accept that no other factor in the universe could cause a non-white 
swan. Consequently, we are left with a choice between (a) testing a proposition that 
cannot be logically refuted and (b) temporarily accepting a proposition that is unrealis-
tic (for a discussion of a related dilemma, see Reutlinger et al., 2021, Sect. 3.4).

Of course, scientists often condition their tests on unrealistic, idealised, counter-
factual models on the assumption that “all models are wrong, but some are useful” 
(Box & Draper, 1987, p. 424; see also Popper, 2002, p. 72). They may also intro-
duce potential confounders during a process of de-idealisation in order to make their 
models more realistic. In both cases, however, NMF researchers test a proposition 
with an accepted ceteris paribus clause in order to allow the logical refutation of a 
causal theory. In contrast, Lakatosian researchers regard such a proposition as sci-
entifically inappropriate because it prevents a consideration of whether causally rel-
evant factors have influenced the test result. To be clear, Lakatosians may entertain 
the unrealistic assumption that no other relevant factor is operating when they test a 
causal theory. However, unlike, NMF researchers, they never make the methodologi-
cal decision to tentatively and temporarily accept the ceteris paribus clause in order 
to force logical refutations of causal theories. They are always open to the possibil-
ity that other causes could have affected their test result and, consequently, their test 
result cannot logically refute theories.

3.2 � Accepting ceteris paribus clauses is epistemically inconsistent

The NMF decision to accept the ceteris paribus clause as irrefutable, even on a 
tentative and temporary basis, is inconsistent with a scientist’s epistemic obliga-
tion to specify their doubt and ignorance about the potential influence of other rel-
evant factors in their investigations (e.g., Feynman, 1955; Firestein, 2012; Merton, 
1987; Rubin, 2024). The ceteris paribus clause represents this doubt and ignorance. 
It is where scientists acknowledge both their “known unknowns” (what they know 
they don’t know – their “specified ignorance”; Merton, 1987) and their “unknown 
unknowns” (what they don’t know they don’t know – their unspecified ignorance; 
Rubin, 2023a; Trafimow & Fielder, 2024, p. 8). Consequently, accepting a ceteris 
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paribus clause as “unproblematic” during a causal theory test flies in the face of 
scientific humility.

An NMF researcher’s decision to temporarily accept the ceteris paribus clause 
is also inconsistent with (a) their future research activities and (b) their colleagues’ 
ongoing research activities. How can a scientist “accept” that no other relevant 
causal factor is influential during their theory test and then go on to test the influ-
ence of some of those factors in their future work? Similarly, how can they accept 
a ceteris paribus clause as “unproblematic” when, all around them, their colleagues 
are busily investigating the influence of many of the factors it contains? As Meehl 
(1990, p. 111) explained,

“for the ceteris paribus clause to be literally acceptable in most psychologi-
cal research, one would have to make the absurd claim that whatever domain 
of theory is being studied (say, personality dynamics), all other domains have 
been thoroughly researched, and all the theoretical entities having causal effi-
cacy on anything being manipulated or observed have been fully worked out! 
If that were the case, why are all those other psychologists still busy studying 
perception, learning, psycholinguistics, and so forth?”4.

These various inconsistencies may be dismissed by arguing that researchers tem-
porarily abandon the role of “scientist” and instead adopt the role of a “quality con-
troller” who accepts the background knowledge of their test and automatically (logi-
cally) refutes products (theories) that do not meet the test’s stated criteria (Rubin, 
2020). However, this role-switching account does not resolve the problem of “epis-
temic inconsistency” (Rubin, 2020, p. 7): The logical refutation of a causal theory 
that is obtained in the role of quality controller becomes an illogical refutation when 
the quality controller returns to the role of scientist and begins, once again, to doubt 
the validity of the ceteris paribus clause.

3.3 � Accepting ceteris paribus clauses is “completely redundant”

NMF researchers might argue that their acceptance of the ceteris paribus clause is only 
tentative and temporary, and that they will bring the clause back into question after their 
theory test. This position is consistent with Popper (1974b, p. 1009), who argued that the 
logical refutation of a theory does not necessarily imply that researchers should subse-
quently reject the theory in practice and stop working on it. But if this is the case, then 
what is the function of logical refutations during theory testing? Why should we tempo-
rarily and tentatively “accept” other relevant causes as being uninfluential during our test 
in order to force a logical refutation of a theory if we are only going to bring these other 
causes back into consideration when deciding whether to reject (stop working on) that 
theory? Instead, why not consider the logical refutation of noncausal hypotheses (e.g., 
“all swans are white”) in the context of explanations provided by both fallible causal 
theories (“swanness causes whiteness”) and alternative causal theories within the fallible 
ceteris paribus clause (“some other relevant factor is at work”) and then come to a tenta-
tive conclusion in a process of inference to the best explanation (e.g., Haig, 2009; see 
also  Popper, 1974a, pp. 15–16; Popper, 1983, p. 55; Popper, 2002, p. 438)? Lakatos had 
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a similar view, describing the NMF decision to temporarily accept the ceteris paribus 
clause during theory testing as “completely redundant” (Lakatos, 1978, p. 40) and the 
associated refutation as “utterly irrelevant” (Lakatos, 1968, p. 158).

3.4 � Summary

The NMF approach represents a potentially powerful hybrid of the Popperian and 
Lakatosian approaches because it aims to logical refutate causal theories. How-
ever, the NMF decision to accept the ceteris paribus clause as temporarily irrefuta-
ble is problematic for three reasons. First, it is scientifically inappropriate because 
it prevents a consideration of other causally relevant factors as having a potential 
influence on the test result. Second, it results in an epistemic inconsistency because 
researchers accept propositions during theory testing that they subsequently doubt. 
Third, it is “completely redundant” (Lakatos, 1978, p. 40) because the logical refu-
tation of a causal theory during testing does not necessarily imply its rejection in 
practice.

It is important to appreciate that Popper also rejected the NMF position. He 
explained that “the clause ‘ceteris paribus’ (all other things being the same) is, of 
course, never satisfied in this world,” and he agreed with Lakatos that the use of 
the clause is intended to imply that “the relevant circumstances should not change” 
(Popper, 1974b, Footnote 75, p. 1186). However, like Lakatos, he argued against the 
acceptance of such ceteris paribus clauses:

“What is relevant or irrelevant is a matter of risky conjecture (and such con-
jectures will be the more interesting the more specific they are, and the more 
testable they render the original theory). I therefore suggest that ceteris pari-
bus clauses should be avoided” (Popper, 1974b, Footnote 75, pp. 1186–1187, 
italics in original; see also Lakatos, 1978, p. 26).

Hence, Popper acknowledged scientists’ ignorance about the relevant and irrel-
evant circumstances of their test and, on this basis, argued that “no ceteris paribus 
clause is necessary” (Popper, 1974b, Footnote 75, p. 1186). To be clear, in a Pop-
perian theory test, we must tentatively and temporarily accept initial conditions and 
noncausal auxiliary hypotheses as unproblematic background knowledge. However, 
there is no need to tentatively accept the ceteris paribus clause that “no other rel-
evant cause is at work” because we are not testing (metaphysical) causal theories.

4 � How much of a “crisis” is the replication crisis?

The three approaches that I have considered each have their strengths and weak-
nesses. The Popperian approach can logically refute noncausal theories. However, 
the scientific value of these theories is unclear. The Lakatosian approach consid-
ers causal theories. However, in Lakatos’ view, their causal nature makes them 
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logically irrefutable. Finally, the NMF approach aims for the best of both worlds 
by logically refuting causal theories. However, it does so by temporarily accepting 
ceteris paribus clauses, and this approach may be characterised as scientifically 
inappropriate, epistemically inconsistent, and completely redundant. Table 1 pro-
vides a summary of these three approaches.

What are the implications of the replication crisis within each of these three 
approaches? Replication failures can be defined in several different ways (e.g., Open 
Science Collaboration, 2015; Schauer & Hedges, 2021). However, once a meth-
odological decision has been made that identifies the criteria for a replication fail-
ure following a corroboration in an original study, that failure can also be taken to 
provide a logical refutation.5 Consequently, replication attempts can also represent 
logical “falsification attempts” (Uygun Tunç et al., 2023, p. 413; see also Sikorski 
& Andreoletti, 2023, pp. 7–8; Zwaan et al., 2018b, p. 2), and replication failures can 
represent logical refutations, even if they do not warrant all out theory rejections.

According to my analysis, the NMF approach logically refutes causal theories, the 
Popperian approach logically refutes noncausal theories, and the Lakatosian approach 
logically refutes noncausal hypotheses, but not (causal or noncausal) theories. Assum-
ing that logical refutation becomes less scientifically impactful moving from causal 
theories through noncausal theories to noncausal hypotheses, an unexpectedly large 
number of logical refutations should be most impactful in the NMF approach, fol-
lowed by the Popperian approach, with the Lakatosian approach being least affected.

Given that replication failures represent logical refutations, an unexpectedly 
large number of replication failures should therefore have greatest impact in the 
NMF approach and moderate impact in the Popperian approaches because these 
approaches relate to causal and noncausal theories respectively. In contrast, an unex-
pectedly large number of replication failures should be least impactful in the Lakato-
sian approach because they logically refute only hypotheses, not theories. Hence, the 
replication crisis should be less of a “crisis” in Lakatos’ philosophy of science than 
it is in either the NMF or Popperian approaches.

Table 1   Comparison of the Popperian, Lakatosian, and NMF Approaches

*Popper (1974b) explained that “no ceteris paribus clause is necessary” (Footnote 75, pp. 1186–1187)

Approach Popperian Lakatosian NMF

Type of theory Noncausal Causal Causal
Example theory “All swans are white” “Swanness causes 

whiteness”
“Swanness 

causes 
whiteness”

Tentatively accept ceteris paribus 
clause during testing?

N/A* No Yes

Logical refutation of theory? Yes No Yes
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5 � Responses to replication failures

Responses to replication failures may also vary depending on the Popperian, 
NMF, and Lakatosian approach. Here, I consider two responses to direct replica-
tion failures: the hidden moderator response and the false positive response.

One way of explaining a direct replication failure is to assume that the original 
and direct replication studies are different in some theoretically relevant way. In 
this case, there can be a correct logical corroboration in the original study (i.e., a 
true positive result) and a correct logical refutation in the replication study (i.e., 
a true negative result) because the relevant conditions have changed between the 
two studies. From this perspective, replication failures are caused by changes in 
unrecognized factors that were unspecified in the tentatively accepted background 
knowledge of the original study and that limit the generality of the original result 
in the direct replication.

This “hidden moderator” response has tended to be dismissed as unrealistic 
(e.g., Olsson-Collentine et al., 2020, p. 936), lacking in evidence (Kunert, 2016), 
ad hoc, prone to the hindsight bias, and a “cop-out” (De Ruiter, 2018, p. 17). 
Moreover, some advocates of direct replications have noted that, “taken to the 
extreme, this line of reasoning can be used by critics to question the entire enter-
prise of direct replication” (Zwaan et  al., 2018a, p. 46). Certainly, from a Pop-
perian and NMF perspective, it is necessary to tentatively accept the initial con-
ditions, auxiliary hypotheses and, in the case of NMF, ceteris paribus clause as 
being theoretically equivalent in the original and replication studies in order to 
logically refute the same theory across the two studies. Zwaan et al. (2018) are 
correct that the hidden moderator explanation challenges this equivalence and, 
with it, the key premise of direct replications. From this perspective, it is under-
standable that some  Popperian and NMF researchers may be reticent to adopt 
the hidden moderator explanation because it precludes a defining feature of their 
approaches, namely the logical refutation of extant  theories. Instead, they may 
prefer to adopt a false positive explanation because it retains the possibility of 
such refutations.

The “false positive” explanation assumes that (a) tentatively accepted back-
ground knowledge is equally applicable in the original and direct replication stud-
ies, (b) the theory was correctly refuted by a direct replication failure, and, con-
sequently, (c) the same theory was incorrectly corroborated in the original study 
(i.e., a false positive result).6 The implication of this explanation is that an inad-
equate theory has slipped through the refutation net due to problems with the 
theory testing process in the original study, such as nonsevere tests, questionable 
research practices, and invalid methodology (e.g., Sikorski & Andreoletti, 2023, 
p. 6). Consequently, the typical response is to try to improve the theory testing 
process by, for example, tightening up the deductive derivation chain from theory 
to prediction, using more severe tests, preregistering research plans, using more 
rigorous methodology, conducting more direct replications, and reducing publica-
tion bias.
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Unlike the Popperian and NMF approaches, the Lakatosian approach does not 
attempt to logically refute theories. Consequently, Lakatosians do not face an 
uncomfortable choice between logically refuting theories and positing hidden mod-
erators. Instead, they are free to get “creative” (Lakatos, 1978, p. 99) by considering 
potentially relevant differences between the original and replication studies in order 
to explain replication failures and generating new, falsifiable, “auxiliary hypotheses” 
(Lakatos, 1978, p. 33) that qualify the “hard core” of their theory (e.g., Lakatos, 
1978, p. 179; see also Putnam, 1991, pp. 125–126, 130; for similar reasoning, see 
Popper, 2002, pp. 56, 62). For example, they might continue to believe that “swan-
ness causes whiteness” but add the auxiliary hypothesis that this causal relation is 
moderated by location: “swanness causes whiteness, apart from in Australia, where 
swanness causes blackness” (Karawita et al., 2023; a “boundary condition,” Putnam, 
1991, pp. 126–127). In this respect, Lakatosians are concerned about the develop-
ment of theories rather than their logical refutation.

Based on this approach of iterative theory modification, Lakatos (1978, p. 34) 
argued that scientists should move away from the appraisal of single theories and 
towards the appraisal of series of theories in research programs. According to Laka-
tos, a research program is “a series of theories, T1, T2, T3,…where each subsequent 
theory results from adding auxiliary clauses to (or from semantical reinterpretations 
of) the previous theory in order to accommodate some anomaly, each theory hav-
ing at least as much content as the unrefuted content of its predecessor” (p. 33). 
Research programs are then assessed in terms of whether they are progressive or 
degenerative. In a progressive research program, the new theories accommodate 
previous anomalies and make new successful predictions. In a degenerating pro-
gram, however, the new theories only accommodate previous anomalies, and their 
new predictions remain unsupported (Lakatos, 1978, pp. 34, 179). Hence, from a 
Lakatosian perspective, theory testing extends across multiple studies, rather than 
being tied to logical refutations within specific studies. In addition, interpretations 
of theory testing depend on the knowledge available at specific points in the history 
of science, and they are open to revision (Lakatos, 1978, pp. 42, 86). Consequently, 
Lakatosians may also feel free to temporarily ignore replication failures “in the hope 
that they will turn, in due course, into corroborations of the programme” (Lakatos, 
1978, p. 52).

6 � Alternative perspectives

Like Popper’s approach, Lakatos’ approach has figured prominently in some dis-
cussions of the replication crisis. Here, I consider three alternative perspectives 
on his approach that have been offered by Zwaan et al. (2018b), Earp and Trafi-
mow (2015), and Uygun-Tunç and Tunç (2023).

Zwaan et al. (2018b) proposed that “replications are an instrument for distin-
guishing progressive from degenerative research programs” (p. 2; see also Nosek 
& Errington, 2020, p. 4). However, this proposal is inconsistent with Lakatos’ 
approach (for a similar conclusion, see Fletcher, 2021, p. 4). Lakatosian research 
programs require studies that test new (previously untested) hypotheses of new 
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(previously unknown) effects based on new (modified) theories. Hence, they do 
not imply the direct replication attempts that Zwaan et al. advocate. In addition, a 
Lakatosian research program’s negative heuristic forbids the refutation of a theo-
ry’s hard core (e.g., “swanness causes whiteness”; Lakatos, 1978, p. 48; see also 
Putnam, 1991, p. 131). Hence, Lakatosian research programs do not even imply 
conceptual replication attempts (i.e., studies that aim to refute the same theoreti-
cal hard core under different conditions). Instead, progressive research programs 
modify and develop theories in order to (a) accommodate previous anomalies 
and (b) make successful new predictions (e.g., “swanness causes whiteness, apart 
from in Australia, where swanness causes blackness”). Following Feest (2019, p. 
901), the term “exploration” seems more appropriate than “replication” in this 
context. Furthermore, and contrary to Zwaan et al., it is the results of innovative 
new studies, rather than either direct or conceptual replications, that allow us to 
distinguish progressive research programs from degenerative ones. As Lakatos 
(1978) explained:

“So-called ‘refutations’ are not the hallmark of empirical failure, as Popper 
has preached, since all programmes grow in a permanent ocean of anom-
alies. What really count are dramatic, unexpected, stunning predictions: a 
few of them are enough to tilt the balance; where theory lags behind the 
facts, we are dealing with miserable degenerating research programmes” (p. 
6).

Earp and Trafimow (2015) also considered the replication crisis in relation to 
auxiliary hypotheses, ceteris paribus clauses, and Lakatos’ (1978) approach. Similar 
to  Zwaan et al. (2018b), they proposed that repeated failures of direct replications 
by different researchers should gradually decrease confidence in an original study’s 
positive result (Earp & Trafimow, 2015, p. 8). Again, however, following Lakatos’ 
negative heuristic, our confidence in the theoretical hard core that is used to explain 
a study’s positive result should be unaffected by numerous failed replications of that 
result. Instead, it is our confidence in the progressiveness of a broader research pro-
gram that should be reduced following the falsification of auxiliary hypotheses that 
are used to explain replication failures.

Finally, Uygun-Tunç and Tunç’s (2023) systematic replications framework 
(SRF) attempts to reduce underdetermination by distinguishing between poten-
tially relevant and irrelevant auxiliary hypotheses (AHs) and then systemati-
cally analysing the influence of the potentially relevant AHs in a series of close 
and conceptual replications that relegate the irrelevant AHs to a ceteris paribus 
clause. According to Uygun-Tunç and Tunç, the “SRF is…a tool for assessing if 
a theory acquires a progressive or degenerative character over time (see Lakatos, 
1978)” (p. 5).

A key aspect of the SRF is the relegation of irrelevant AHs to the ceteris paribus 
clause. As Uygun-Tunç and Tunç (2023) explained:

“Among the plethora of different AHs existing in a hypothesis test only a cer-
tain subgroup of AHs can be expected to meaningfully impact the results. 
There are infinitely many other AHs that presumably do not exert a meaningful 
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enough influence on the results due to being completely inconsequential, or 
only barely consequential so that their influence can be safely ignored to a cer-
tain extent, or coinciding with opposing factors that always nullify the poten-
tial effect, and so forth. AHs that are thought to belong this category are rel-
egated to the ceteris paribus clause (Meehl, 1978). As long as they are deemed 
to belong to the ceteris paribus clause, they are not explicitly stated, and thus 
are not tested and (tentatively) accepted as they are” (p. 6).

There are three problems with this approach. First, as Lakatos (1978, p. 18) and Popper  
(1974b, p. 1187) noted, the role of the ceteris paribus clause is to assume that poten-
tially relevant variables are uninfluential during theory testing, not that potentially 
irrelevant variables are uninfluential during testing. In other words, the ceteris pari-
bus clause states that, “although these variables may be influential in the real world, 
they have no systematic influence on the result of the current test” (see also Meehl, 
1990, p. 111). Consequently, it is unnecessary and inconsistent for the SRF to assign 
irrelevant or “inconsequential” variables to a ceteris paribus clause because, by def-
inition, these variables are already assumed to be noninfluential. Only potentially 
causally relevant (known and unknown) variables need to be assigned to the ceteris 
paribus clause in order to assume that they are not influential during the theory test.

Second, the SRF operates on the basis of naïve methodological falsificationism 
because the auxiliary hypotheses that it relegates to the ceteris paribus clause “are 
not tested and (tentatively) accepted as they are” (Uygun-Tunç & Tunç, 2023, p. 6). 
As Lakatos (1978) explained, this approach is characteristic of naïve methodologi-
cal falsificationists, who must decide “whether to relegate also the ceteris paribus 
clause into the pool of ‘unproblematic background knowledge’” (p. 26). In contrast, 
sophisticated methodological falsificationists do not make this decision (Laka-
tos, 1978, p. 40). For them, the ceteris paribus clause is not tentatively accepted 
as unproblematic during testing. Instead, everything is tested during a theory test, 
including (a) the theory and (b) auxiliary hypotheses in the ceteris paribus clause 
(Lakatos, 1978, p. 35).

Third, the SRF is open to the criticism of circularity. As Uygun-Tunç and Tunç 
(2023) explained, “ultimately all decisions regarding which AHs are to be relegated 
to ceteris paribus clause are theory-laden (See Kuhn, 1996), which might lead one to 
think that all hypothesis tests are in a way circular” (p. 10). To address this issue, the 
SRF includes “theory-independent methods for investigating theory misspecifica-
tion” (p. 10). For example, direct (close) replications represent theory-independent 
“stability probes”:

“When theory misspecification is due to an erroneous relegation of some cru-
cial AHs to the ceteris paribus clause, divergent results in close replications 
can be an indication of such unspecified AHs (e.g., hidden moderators). In this 
regard, the stability probe is not embedded in the theory under test and consti-
tutes an external success criterion” (Uygun-Tunç & Tunç, 2023, p. 10).

Again, however, this argument demonstrates the SRF’s monotheoretical NMF 
viewpoint because it assumes that there is only a single “theory under test,” and 
that background knowledge, including AHs in the ceteris paribus clause, does not 
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constitute a second interpretative theory that is used to determine what counts as 
“divergent results in close replications” (Uygun-Tunç & Tunç, 2023, p. 10; see Laka-
tos, 1978, p. 44). From a sophisticated methodological falsificationist perspective, 
the stability probe is embedded in the “theory under test,” because it is embedded in 
the interpretative theory (background knowledge) that is used to interpret the results 
of the close replications and, as the hidden moderator argument shows, this interpre-
tative theory is just as much under test as the target “explanatory” theory (Lakatos, 
1978, p. 44). Consequently, from a Lakatosian perspective, the SRF remains open to 
the criticism of circularity because its methods for investigating theory misspecifica-
tion are based on the tentative acceptance of an interpretative theory that may itself 
be misspecified.

7 � Conclusion

In conclusion, multiple unexpected replication failures are particularly concerning in 
the Popperian and NMF approaches because they imply logical refutations of non-
causal and causal theories respectively. Consequently, scientists’ adherence to the 
Popperian and NMF approaches may be at least partly responsible for the sense of 
a replication “crisis.” In contrast, multiple replication failures are less concerning 
in the Lakatosian approach because (a) causal theories are not the subject of logical 
refutations, (b) scientists are used to working in an “ocean of anomalies” (Lakatos, 
1978, pp. 6, 53), and (c) replication failures represent opportunities to develop theo-
ries rather than to logical refute them (for an illustration, see Sweller, 2023).

8 � Endnotes

1.	 In principle, the term replication failure may be used to refer to (a) a previously 
corroborated theory that is falsified in a replication study and (b) a previously 
falsified theory that is corroborated in a replication study. In line with the standard 
approach in this area (e.g., Nosek et al., 2022), I reserve the term for the former 
usage only.

2.	 In my view, Lakatosian “causal connections” represent what Popper (2002) 
described as “strictly or purely existential statements (or ‘there-is’ statements)” 
(p. 47, italics omitted; e.g., “there is at least one case in which swanness causes 
whiteness”). Strictly existential statements cannot be falsified by basic statements 
(Popper, 2002, p. 48). Consequently, Popper treated them as “metaphysical” (p. 
48). Confusingly, Popper (1983, p. 288) used the term “causal hypotheses” to 
refer to “non-probabilistic” hypotheses as opposed to probabilistic hypotheses. 
However, these non-probabilistic hypotheses did not imply Lakatosian causal 
connections. It is also worth noting that Popper (2002) replaced the metaphysi-
cal principle of causality with a “methodological rule” (p. 39) “always to try 
to deduce statements from others of higher universality” (p. 107; see also pp. 
244–245). For example, one might deduce the statement “all swans are white” 
from the more universal statement that “all birds are camouflaged” and the “initial 
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conditions” of swans’ historically snowy habitats (Holt, 2022). Again, however, 
the key point here is that Popperian tests logically refute noncausal universal 
statements rather than causal connections. Finally, note that failure to follow 
Popper’s (2002, p. 39) methodological rule “that we are not to abandon the search 
for universal laws and for a coherent theoretical system” may lead to the charge 
that one is sliding towards naïve empiricism.

3.	 Popper used the terms “hypothesis” and “theory” interchangeably. For example, 
he talked about “the hypothesis (or expectation, or theory, or whatever we may 
call it)” (Popper, 1974a, p. 346). As a further example, he described the statement 
“all swans are white” as both a “hypothesis” (e.g., Popper, 1983, p. 343) and a 
“theory” (e.g., Popper, 1983, p. xx); sometimes on the same page (Popper, 1983, 
p. 234). Popper also considered the broader concept of a “theoretical system,” 
which contains multiple different hypotheses or theories of varying levels of uni-
versality (Popper, 1974b, p. 982; Popper, 2002, pp. 54–55). However, pertinent 
to the current discussion, (a) theoretical systems may also be logically refuted 
(Popper, 1974b, p. 982), and (b) any strictly universal statement may be described 
as a “hypothesis” and a “theory.”

4.	 According to Meehl (1990), “common sense tells us that both the importance and 
the dangerousness of Cp [a ceteris paribus clause] are much greater in psychol-
ogy than in chemistry or genetics” (p. 111). In my view, the validity of a ceteris 
paribus clause should remain in doubt during any scientific investigation (see also 
Trafimow & Fiedler, 2024, p. 8).

5.	 Popper (2002) argued that researchers should consider a theory “falsified” when 
they “discover a reproducible effect which refutes the theory” (p. 66, italics in 
original). Hence, in theory, a previously corroborated theory should be logically 
refuted multiple times to be falsified. However, in response to the question “how 
often has an effect to be actually reproduced in order to be a ‘reproducible effect’,” 
Popper stated “in some cases not even once” (Popper, 2002, p. 67, italics in 
original; see also pp. 23–24). Hence, even a logical refutation in a single replica-
tion attempt can falsify a theory when it is based on a severe and independently 
verifiable test.

6.	 The “false positive in the original study” explanation is usually based on meth-
odologically rigorous direct replications. Consequently, it tends to play down the 
possibility of an incorrect refutation in the direct replication (i.e., a false negative 
result).
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