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Abstract
The replication or reproducibility crisis in psychological science has renewed attention to philosophical aspects of its methodology. I provide herein a new, functional
account of the role of replication in a scientific discipline: to undercut the underdetermination of scientific hypotheses from data, typically by hypotheses that connect data
with phenomena. These include hypotheses that concern sampling error, experimental
control, and operationalization. How a scientific hypothesis could be underdetermined
in one of these ways depends on a scientific discipline’s epistemic goals, theoretical
development, material constraints, institutional context, and their interconnections. I
illustrate how these apply to the case of psychological science. I then contrast this
“bottom-up” account with “top-down” accounts, which assume that the role of replication in a particular science, such as psychology, must follow from a uniform role that
it plays in science generally. Aside from avoiding unaddressed problems with top-down
accounts, my bottom-up account also better explains the variability of importance of
replication of various types across different scientific disciplines.
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Introduction: The Replication Crisis

According to a recent survey of 1,576 scientists conducted by the preeminent general science
journal Nature, there is strong evidence that the majority of researchers believe that there
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is a replication or reproducibility crisis in science. Indeed, “More than 70% of researchers
have tried and failed to reproduce another scientist’s experiments, and more than half have
failed to reproduce their own experiments” (Baker, 2016). The survey results suggest a
widespread malaise, albeit with some variability between disciplines and concentration in the
biomedical and social sciences—e.g., in cancer research (Begley and Ellis, 2012; Lawrence
et al., 2013; Nosek and Errington, 2017), neuroscience (Button et al., 2013), and (to a lesser
extent) experimental economics (Camerer et al., 2016). But these concerns have, beyond
any other scientific discipline, focused on psychology, which is the focus of the present essay.
For example, in a study that has since received widespread attention, the Open Science
Collaboration (OSC) had just before (2015) attempted to replicate 100 social and cognitive
psychology experiments, coming to the “same result” only one-third to one-half of the time,
depending on the criterion for replication used.
Interpreting the significance and sources of these results is complex and ongoing, but
they and other related events have certainly renewed attention to philosophical aspects of
methodology in psychological science.1 Most psychologists writing on the subject simply
affirm the importance of replication in science simpliciter, drawing the implication that if
psychological science is to live up to its name, it must engage in and take seriously the results
of various replication studies. For example, Simons (2014, p. 76) affirms that “Reproducibility is the cornerstone of science” and Rosenthal (1990, p. 2) that “Scientists of all disciplines
have long been aware of the importance of replication to their enterprise.” Sometimes, their
affirmations come with appeals to the authority of methodologists and philosophers of science. “Reproducibility is a defining feature of science” and “a core principle of scientific
progress” write the Open Science Collaboration (OSC) (2015, p. 1), citing (but not quoting)
psychologists Meehl and Platt and philosophers as varied as Hempel, Lakatos, and Salmon.
Scientific progress here refers the process of accumulation of evidence for scientific claims
and the establishment of scientific discoveries. Citing Popper (1959, pp. 23–24),2 Zwaan
et al. (2018, p. 2) write that “There are two important aspects to these insights [of Popper’s]
1

These related events include Daryl Bem’s use of techniques standard in psychology to show evidence for
extra-sensory perception (2011), the revelations of high-profile scientific fraud by Diederik Stapel (Callaway,
2011) and Marc Hauser (Carpenter, 2012), and related replication failures involving prominent effects such
as ego depletion (Hagger et al., 2016).
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The quotation reads: “the scientifically significant physical effect may be defined as that which can be
regularly reproduced by anyone who carries out the appropriate experiment in the way prescribed.” See also
Popper (1959, p. 45): “Only when certain events recur in accordance with rules or regularities, as in the
case of repeatable experiments, can our observations be tested—in principle—by anyone. . . .Only by such
repetition can we convince ourselves that we are not dealing with a mere isolated ‘coincidence,’ but with
events which, on account of their regularity and reproducibility, are in principle inter-subjectively testable.”
Zwaan et al. (2018, pp. 1, 2, 4) also quote Dunlap (1926) (published earlier as Dunlap (1925)) for the same
point.
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that inform scientific thinking. First, a finding needs to be repeatable to count as a scientific
discovery. Second, research needs to be reported in such a manner that others can reproduce
the procedures” used to generate the finding that the research reports.
I am sympathetic to their desire to provide a rationale for the importance of replication
and a justification for its role in psychological science. To do so, however, instead of beginning
with assumptions about general scientific virtues such as epistemic progress or objectivity,
I focus on specific underdetermination problems that empirical investigations face. These
problems concern the underdetermination of scientific hypotheses from data, typically not
by other scientific hypotheses, but by hypotheses that connect data with phenomena. Such
hypotheses assert, for example, the data’s representativeness of the population from which
it is drawn, or the internal validity of the constructed psychological assessment. Data not
being representative or a failure of internal validity can often provide explanations of the
results of scientific studies alternative to the substantive hypotheses the studies seem to
support. I describe these in more detail in section 2, drawing on the functional classification
of replication efforts by Schmidt (2009, 2017).3
Besides setting the terms of the debate more precisely, this also makes explicit the variety
of types of underdetermination that replication can address in scientific inquiry—psychology,
in particular. I argue in section 3 that how central replication is to a given scientific discipline depends on a confluence of epistemic, material, and institutional factors particular
to it, such as its goals, the availability and cost of obtaining evidence, and the organization structure of its research community. In the case of psychological science, importantly,
these factors’ interactions contribute to replication’s essential role therein to ameliorate the
underdetermination challenges it constantly faces.
This is a “bottom-up” account of the role of replication in psychological science because it
begins with delineating the particular, often low-level underdetermination challenges which
that science faces. (As I describe in more detail in section 2, “low-level” refers to data,
phenomena, or experiment rather than theory.) For contrast, I examine in section 4 one of
the further developed “top-down” accounts—those that begin with principles about (good)
science in general—more popular among psychologists, by Zwaan et al. (2018). They draw
on Lakatos’ Methodology of Scientific Research Programmes (MSRP) (1970) and his “sophisticated falsificationism.” According to MSRP, one can identify good science—a progressive
3

Schmidt (2009, pp. 90–2), citing much the same passages of Popper (1959, p. 45) as the others mentioned,
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research programme—according to the extent that new theoretical content is added cumulatively over time to a fixed “hard core” of theory, which also adds cumulatively corroborated
predictions. Conversely, science is bad—a degenerating research programme—to the extent that it instead encounters repeated falsification of such new theoretical content and
corroborates few new predictions. Zwaan et al. (2018, p. 2) suggest that “replications are
an instrument for distinguishing progressive from degenerative [i.e., degenerating] research
programs.” Progressive research programs have successfully replicated experiments; degenerating ones have failed replicated experiments. Replication provides a means to distinguish
which parts of psychology are good and progressive from those that are bad and degenerating.
However, MSRP doesn’t support the employment of replication or its importance in science generally or even in psychology specifically. There are at least three reasons for this.
Two of them involve longstanding problems for MSRP. The first is to describe adequately
scientific theories that use probability in their theorizing or models essentially, as is common
in most of quantitative psychology. The second is to have clear guidance on MSRP’s normative consequences—how in practice to determine which research programs are progressive
and which are degenerating. The third observes that the account of replication’s importance
using just MSRP seems to demand that the function and role of replication across all good
science is the same. Yet, it is not difficult to find sciences where the types of replication (if
any) considered to be relevant are quite different from those in psychology.
In the final section 5, I draw three concluding comparisons between bottom-up and topdown approaches. The first elaborates on the just-mentioned point: bottom-up approaches
seem to account better for the diverse importance and roles of various types of replication
than top-down ones. Second, bottom-up approaches do not entail anything about how
universal replication’s importance is. Third, both approaches afford unity to understanding
the role of replication but at different levels: top-down approaches derive replication’s role
in a particular science from its role in science generally, while my bottom-up account unifies
them functionally, even if that function is realized in different ways in different scientific
investigations.

2

The Functions of Replication

There are may typologies for replication, understood broadly as the repetition of some scientific research procedure (Gómez et al., 2010; Fidler and Wilcox, 2018, §1). Some of them use
the terms “replicability,” “reproducibility,” “repeatability,” etc., interchangeably, and others
use them to denote distinct types. In this essay, I will attempt to use “replicability” and
related declensions exclusively. (Any references to “reproducibility,” for example, should be
4

understood as exchangeable with “replicability.”)
I will also adopt as my primary classification the functions for replications as elaborated
by Schmidt (2009, 2017). Each function is to ameliorate a particular type of underdetermination of a tested scientific hypothesis, sometimes by other (slightly different) scientific
hypotheses but mostly by low-level hypotheses about, e.g., statistical analysis and novel operationalizations of theoretical concepts pertaining to phenomena or experiment. Thus, by
“low-level,” I mean “pertaining to (models of) data or phenomena or experiment” in contrast
with (“high-level”) theory, invoking the data-experiment-theory hierarchy of Suppes (1962,
2007) or the data-phenomena-theory hierarchy of Bogen and Woodward (1988). Theory
makes predictions about experiments or phenomena, while data are the closest manifestations of our observations or measurements. One must assume hypotheses about each level
in the hierarchy and how these levels interact in order to connect observation with scientific
theory. Which one of these hierarchies is preferred and the details of how they should be
elaborated is not so relevant for present purposes because these matters do not play a significant role in my account of the function of replication.4 These hierarchies and the “low-level”
appellation rather mainly serve to distinguish the sort of underdetermination commonly at
issue here with a perhaps more familiar (“high-level”) sort pertaining to scientific theory and
its implications for scientific realism (Stanford, 2017).5
How, then, does each function of replication serve to ameliorate underdetermination? It
does so simply by disconfirming certain competing hypotheses, or alternately, confirming
their negations as auxiliary hypotheses used in the interpretation of scientific results. Each
function is therefore to confirm the one of the following six claims about the original results:6
1. They are not due to mistakes in the data analysis. This is a low-level hypothesis about
the data. Ensuring that the results of a scientific study are not due to data-entry,
programming, or other suchlike technical errors often involves re-calculating the values
4

For example, it is compatible with modifications or clarifications of how interpretation plays an essential
role in determining what data models are or what they represent, either for Suppes’ hierarchy (Leonelli,
2019) or Bogan and Woodward’s (Harris, 2003). It is also compatible with interactions between the levels of
data and phenomena (or experiment) in the course of a scientific investigation (Bailer-Jones, 2009, Ch. 7).
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That’s not to say there is no interesting relationship between low-level underdetermination and the
question of scientific realism, only that it much more indirect. See Laymon (1982) for a discussion thereof
and Brewer and Chinn (1994) for historical examples from psychology as they bear on the motivation for
theory change.
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types of low-level underdetermination that arise in the interpretation of the results of psychological studies.
One type that occurs more often in the physical sciences concerns the accuracy, precision, and systematic
error of an experiment or measurement technique; I hope in future work to address this other function in
more detail. It would also be interesting to compare the present perspective to that of Feest (2019), who,
focusing on the “epistemic uncertainty” regarding the third and sixth functions, arrives at a more pessimistic
and limiting conclusion about the role of replication in psychological science.
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of statistics, ensuring the validity of computer programs and the implementation and
consistency of data processing algorithms, etc. This may include checking that the
results remain the same when alternative analyses are preformed, if there were any
conventional aspects in the original analysis (Nuijten et al., 2018).
2. They are not due to sampling error. This is low-level a hypothesis about the experiment. Essentially every study using statistical models has a probability of producing
data that constitute misleading evidence for a hypothesis or theory. Typically, the
more data collected, the lower the probability of this occurring.
3. They do not depend on contextual factors, according to the theory or hypothesis tested.
This is a hypothesis about the phenomena and theory. Sometimes not all contextual
variables or interactions between those variables and the independent variables of a
study are accounted for in the data analysis of a study, while accounting for them
would change the study’s support for the scientific hypothesis of interest. What these
variables or interactions could be depends on the theory or hypothesis tested. This
function is sometimes regarded as for the internal validity of the techniques used in
the original study.
4. They do not arise from fraud or questionable research practices. This is a low-level
hypothesis about the data and experiment. The soundness of a study’s results depends
on it accurately representing the methods used. Questionable research practices (and,
more extremely, fraud) undermine this soundness by misrepresenting the warrant for
the methods presented. For example, conclusions based on statistical inferences from
data may not be warranted if the data was fabricated or the inferences presented do
not match the inferences undertaken.
5. They generalize, according to the theory or hypothesis tested, to a larger or different
population than that sampled in the original. This is a hypothesis about the phenomena
and theory. Oftentimes the theory or hypothesis that a study tests pertains to a larger
population than that from which the study actually drew. Thus its results only bear
on the tested subpopulation without further assumptions.
6. Their aspects pertaining to the theoretical hypothesis of interest hold even when that
hypothesis is operationalized or tested in completely different ways. This is a hypothesis
about the phenomena. To fulfill this function, a replication must explore implications
of the hypothesis tested that go beyond that of the original study, even if all previously
listed claims have been supported.
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For a study to fulfill a certain replication function best, it makes only certain variations
on the original study that it replicates. Cross-cutting these variations is who the replicator
is—the person or group of people undertaking a replication (Radder, 1992). It could be the
same as or different from that for the original study, one of which is sometimes more apt for
a given function than the other.
The first function, ruling out mistakes in the data analysis, is the strictest in a sense
because it demands that the replication study be performed on the same data set as the
original study. Hence, it is often called methods replication. Typically, with an eye towards
the fourth function of ruling out fraud and questionable research practices, a research team
different from the one that performed the original study should perform a methods replication. Methods replication is important in any scientific study with non-trivial data analysis,
but there seems to be little controversy about this (Zwaan et al., 2018, p. 48).7
Setting the function of methods replication aside, the remaining five functions involve
two experiments or scientific studies, an original and an attempted replication, each with
distinct or largely distinct data or observations. The second, which is the replication, varies
at least one of the following four classes of variables with respect to the first (Schmidt, 2009,
p. 93):
1. the procedures for constituting the independent variables, the ones whose explanatory,
predictive, or controlling features are under test;
2. the study’s context, i.e., possible moderators such as the properties and history of the
research units and the people running the study, their relevant historical or cultural
context, and the physical setting of the study and its material realization;
3. the procedures for the selection and allocation of the research units; and
4. the procedures for constituting the dependent variables, the ones to be explained,
predicted, or controlled.
The minimal variation on an original study in a replication to gain evidence against its result
being due to sampling error is to keep all of these variable the same, with the exception of
selecting different token research units (albeit using the same selection procedures). The
minimal variation against its result being due to uncontrolled variation of contextual factors
is only to change the context in an explicit way. (Both of these variations can test against
fraud but demand a different group running the study than the original.) The minimal
variation to show that a result generalizes according to the theory tested is to expand or
7
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change the selection of participants. But to show that the result generalizes regardless of
operationalization, variations on most or all of the above variables may be necessary.
Thus replications might be grouped into two categories depending on the minimal variations needed to perform certain replication functions. Schmidt (2009, p. 91) calls those with
functions 2–5 direct replications, and those with function 6 conceptual replications, noting
that, even though the terminology is his, psychologists have proposed similar typologies since
at least the 1960s. Philosophers have for some time also noted a functional difference between
(something like) these types of replication (Franklin and Howson, 1984; Cartwright, 1991;
Radder, 1992). That said, replication studies that do not follow the minimum variations
prescribed above may be classified as neither direct nor conceptual. Direct and conceptual
replications lie on a continuum of similarity with respect to the original experiment, with
direct replications more similar and conceptual replications less similar (LeBel et al., 2017;
Rosenthal, 1990). For these and other reasons, the distinction between direct and conceptual
replication has been more controversial lately (Nosek and Errington, 2020; Machery, 2020).
But for present purposes, that distinction is just a convenient overlay of some “landmarks”
within the replication topography, so I use these labels in the sequel just to denote typical
cases. What is more fundamental is the underlying classification of replication efforts by
their functions, namely to ameliorate specific underdetermination problems regarding the
interpretation of an original study’s results.
One might object, however, that there is too much flexibility of interpretation to locate a
particular experiment on this continuum objectively, hence objectively identify a replication’s
function. For example, Gelman (2018, p. 19) writes that due to the inevitable numerous
circumstantial differences between any original study and a replication, the latter “could
be considered a ‘direct replication’ if that interpretation is desired, or a mere ‘extension’
or ‘conceptual replication’ if the results do not come out as planned.” The idea is that
researchers could interpret any circumstantial differences between studies as part of the
contextual set that makes a difference to the predictions drawn from the hypothesis or theory
under study. For example, should “college students” be considered the population from which
a study conducted at a Bavarian university sampled? Should it be more specific, a distinct
population from one conducted in Berlin? And what of all the enumerable contextual factors
inevitably at play in social research, such as the time of day and year or the idiosyncrasies
of the rooms where data was taken?
This sort of concern, I insist, is based on an understandable misinterpretation of the
relata of the replication concept and the appropriate constraints on hypothesis specification.
As Franklin and Howson (1984, p. 53) pointed out, judgments about the similarity of two
experiments is always relative to one or more theories of those experiments’ functioning.
8

Direct replications use much the same such theory with the same set of variables, while
conceptual replications use largely distinct such theories. This is despite the linguistic fact
that “is a replication of” suggests that the concept is a binary relation between experiments.
So regarding a replication as direct or conceptual—or more generally, as being towards one
function or another—is not merely a change in “interpretation” or something that can be
chosen conventionally or at will, but a change in the very theory under test. Thus the
results of any replication provide evidence about the constraints on the scope and generality
of psychological theories and hypotheses, i.e., what populations they pertain to and which
contextual factors they are independent of.
Now, it’s true that published account of studies do not—indeed, cannot—include all of
these constraints and possible factors. But this needn’t pose a problem either if one adopts
the reasonable assumption, long propounded within the psychological research literature,
that unless some factor or condition is specified in a study, researchers are, ceteris paribus,
justified in assuming that the study hypothesizes that the results are independent of an such
unlisted contextual factor or condition (Greenwald et al., 1986; Simons et al., 2017). Thus
any further studies that measure the effects of previously uncontrolled contextual variables
explore the empirical tenability of that independence.
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A Bottom-Up Account of the Role of Replication

I aver that replication is important in psychological science because of its role in addressing
the often low-level sorts of underdetermination problems reviewed in the previous section
2. In order to support this conclusion, however, I must show how at least some of these
problems actually arise in psychological studies. It is not apparently an a priori matter, nor
do these problems arise equally in all sciences or in the same way. But, “if replication is not a
universal ideal, then where do we draw the line? How can we know to which fields the norm
applies and to which it doesn’t?” (Guttinger, 2020, p. 9). This question arises for Guttinger
in the context of describing and endorsing what he calls “the new localism in the replication
crisis debate [which] targets the idea of replicability as a universal standard” (2020, p. 6).
I, however, decline drawing a line at all—that is, giving necessary and sufficient conditions
for which fields demand replication and which don’t. One reason is that this demarcation
problem seems to be as intractable as the traditional one of separating science from nonscience or pseudo-science (Laudan, 1983). This difficulty notwithstanding, another is that
it presupposes any line must be divided by field: if replications’ functions are to ameliorate
underdetermination problems, then the relevant unit of analysis over which replication is
important or not is much finer, on the level of scientific hypotheses. A third difference,
9

which I discuss further in section 5, is that I remain agnostic regarding whether replication
of some form is important for all scientific endeavors (i.e., a “universal standard” of sorts).
Nevertheless, I agree with part of the spirit of his localism, namely that we might better
understand where and why replication has an important role by identifying “aspects of
scientific practice that can [bear upon replication’s role]: the type of questions addressed, the
setup used, and the nature of the objects analyzed” (Guttinger, 2020, p. 14). Consequently, I
will instead proceed to describe a collection of conditions that are jointly sufficient to justify
why certain types of underdetermination arise routinely in psychology, hence why replication
is important in psychology generally (if not in each and every of its investigations). Each of
them concerns epistemological, material, or institutional features particular to contemporary
psychological science:8
1. The kinds of questions asked and the nature of the subject matter.
2. The experimental and data analytic techniques used.
3. The nature, complexity, and diversity of the objects studied.
4. The state and development of overriding theory to constrain possibilities.
5. The cost and availability of evidence.
6. The institutional features of academic psychology, especially the distribution of resources and structure of incentives.
These conditions (or analogs thereof) likely bear on the types of underdetermination, hence
the importance of replication, found in other scientific disciplines. Further conditions may
also bear, delineation of which I leave to future investigation.
Although there are connections between each of these conditions that bolster the importance of replication in psychology, there are some connections that are stronger than others.
In what follows I will therefore present them roughly in three pairs in the order presented
above—i.e., 1 and 2, 3 and 4, and 5 and 6—focusing on the functions for replication (discussed in §2) that they entreat, beginning with the kinds of questions asked, the nature of
the subject matter, and the experimental and data analytic techniques used.
Psychology is—or, at least, aspires to be—a science that seeks to describe, explain,
and predict stable patterns of human behavior and mental life rather than singular events.
Accordingly, its experiments on and observations of these stable patterns ought to deliver
similar results. Cartwright (1991, pp. 146–7) put the point well about physics and economics:
8

This is also analogous to the case of the demarcation problem, on which progress might be possible if
one helps oneself to discipline-specific information (Hansson, 2013).
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We are not just trying to measure some very local occurrence—a fact about the
electrons in this iron bar or about the savings patterns in just the individuals
sampled over just the period considered. Rather we are trying to measure some
general phenomenon. . . .We expect therefore that the instrument must produce
the same results wherever it can be applied to look at the very same phenomenon.
It should, as it were, give the same results on different samples. When it doesn’t,
either your hypothesis or the instrument must be faulted.
Thus, to test hypotheses in psychological science, one must be able to test one’s instruments,
which is a question of the internal validity of the experimental procedure and one of the
functions of direct replication. These procedures measure quantitative information such
as the strength or frequency of responses from individuals according to some prescribed
stimulus. In particular, insofar as the quantitative nature of this data facilitates analysis via
statistical models, it suggests the need for direct replication addressing questions of sampling
error.9
There are many reasons for the statistical nature of data models in psychology, even for
many qualitative forms of data (Suppes, 2007). Two that are especially relevant here concern
the nature, complexity, and diversity of human subjects, and the relatively underdeveloped
state of psychological theory. (These are the third and fourth conditions listed above.)
Moreover, these interact. The complexity and diversity of human subjects refers to the great
variety and interconnectedness of factors that could be relevant in affecting human behavior
and mental life. This means that there are potentially very many unexpected ways that true
effects and merely apparent ones could arise, and that in many cases, measured responses
result from the accumulated effects of many small unknown causes, a situation paradigmatic
for statistical modeling. This motivates the need for evidence about the internal and external
validity of a research hypothesis, hence certain direct and conceptual replications, including
those about the generality of the human population for which the hypothesis holds and about
experimental sampling error.
In principle, strong, unified psychological theory would provide both precise predictive
hypotheses and a lists of factors that should be irrelevant for producing an effect (Meehl, 1967;
Bird, 2018; Muthukrishna and Henrich, 2019). This would limit the need for replication due
to the complexity and diversity of human subjects. But in almost all domains of psychology,
it is difficult to construct or motivate such strong theory. With only weaker and little unified
theory, most new experiments do not start with strong evidence about which moderators are
9

Of course, there is a variety of quantitative and qualitative methods in psychological research, and
qualitative methods are not always a good target for statistical analysis. But the question of whether
the data are representative of the population of interest is important regardless of whether that data is
quantitative or qualitative.

11

relevant or even about what they could be, and cannot make precise predictions for effect
sizes. However, it is important to be precise about the form of such hypotheses: they may not
make a precise prediction for an effect size, but they do postulate that this size is fixed (given
the fixedness of relevant moderators). This makes both direct and conceptual replication
crucial for supporting such hypotheses, for they allow more precise and triangulated tests of
this hypothesized fixed value.10
Moving on to the availability and cost of evidence: Because psychological science concerns
itself with human behavior and mental life, evidence is in one sense plentiful to collect but
in another sense scarce. It is plentiful in the sense that there are scads of people around just
about anywhere there’s a psychology department. But it is scarce because of its locality and
cost. The people available are most often psychology undergraduates; others—often also
undergraduates—must be reimbursed for their time.11 Unlike in disciplines dominated by
big science, though, there is a more (but certainly not perfectly) equal distribution of access
to new evidence among researchers, albeit at a relatively low rate, temporally, because of
these aforementioned costs.12 This means that lots of psychologists have access to a modest
amount of data in a given time period relevant for the academic publication cycle. This in
turn means that the results of their studies may be more susceptible to sampling error than
studies with larger sample sizes and to lower generalizability than studies with more diverse
sample sizes. These motivate direct replications testing each of these possibilities.
Finally, the incentive structure in academic psychology has many similarities with other
academic disciplines, but also some differences (especially in social psychology) that contribute to the replication crisis. The reasons for this are complex and still somewhat contentious, but for present purposes only a few high-level observations are needed. Like other
academic disciplines, psychology rewards novel discoveries, which overwhelmingly take the
form of a statistically significant effect size (in a null hypothesis significance test) presented
in a published study. By contrast, by and large experiments which do not find statistically
significant effect sizes are not published. This leads to publication bias: the studies pub10

Meehl (1967) wanted to distinguish this lack of precise predictions from the situation in physics, but
perhaps overstated his case: there are many experimental situations in physics in which theory predicts the
existence of an effect determined by an unknown parameter, too. Meehl (1967) was absolutely right, though,
that one cannot rest simply with evidence against a non-zero effect size; doing so abdicates responsibility to
find just what the aforementioned patterns of human behavior and mental life are.
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Online participant services such as Amazon Turk and other crowdsourced methods offer a potentially
more diverse participant pool at a more modest cost (Uhlmann et al., 2019), but come with their own
challenges.
12
“Big science” is a historiographical cluster concept referring to science with one or more of the following
characteristics: large budgets, large staff sizes, large or particularly expensive equipment, and complex and
expansive laboratories (Galison and Hevly, 1992).
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lished are not representative of the studies performed. In particular, the incidence of false
positive findings is higher, meaning that published results are more likely to be affected
by sampling error than their aggregate reported statistics would suggest if all studies were
published. Moreover, because of the relatively low development and lack of unity of much
psychological theory, relatively few of these discoveries build or depend upon each other,
with the exception of work done within the same or allied labs.
These seem to be two reasons—but surely not the only, or most important—why there
is (at least until recently) little incentive to identify or refrain from questionable research
practices such as hypothesizing after the results are known (“HARKing”), excluding outlying
data points based on personal judgment, not reporting all measured dependent variables or
statistical tests performed, etc. This necessitates direct replications serving the last function
thereof yet to be mentioned: testing that published results do not arise from questionable
research practices or fraud. The procedure for this is similar for testing for sampling, except
that it requires a different team for the replication than the one for the original study—i.e.,
it changes the “research team” contextual variable—and preferably uses a preregistered research protocol that describes the plan for data collection, evaluation, and analysis (Schmidt,
2017, p. 240).

4

A Top-Down Account: The Methodology of Research
Programmes

It will be useful to contrast the bottom-up account from section 3 with a concrete example of
a top-down account, one that begins with general principles about science or scientific virtues
to deduce the importance of replication generally, hence psychology in particular. For this
purpose, I will examine the account of Zwaan et al. (2018). As mentioned in the introductory
section 1, they hold that “a finding needs to be repeatable to count as a scientific discovery”
for Popperian reasons: “If a finding that was initially presented as support for a theory cannot
be reliably reproduced using the comprehensive set of instructions for duplicating the original
procedure, then the specific prediction that motivated the original research question has
been falsified” (Zwaan et al., 2018, p. 2). For Popper, falsifiability is constitutive of scientific
methodology, hence for Zwaan et al., replicability—in particular, direct replicability—is
essential for a finding to count as a scientific discovery: “replicability is, in principle, an
essential criterion for the effect to be accepted as part of the scientific literature . . .and
replication studies therefore evaluate the robustness of scientific findings” (Zwaan et al.,
2018, p. 2). But they acknowledge the holism of testing: psychological hypotheses are

13

tested only in conjunction with a set of auxiliary hypotheses about the effects of contextual
factors, the functioning of measuring instruments, etc. To accommodate this important and
pervasive fact about scientific testing, they turn to MSRP.
Briefly,13 in his MSRP, Lakatos (1970) considered a scientific research programme to
consist of a sequence of theories with a shared “hard core,” which is a collection of statements
or hypotheses that themselves typically make no definite empirical prediction. The constancy
of the hard core constitutes the identity condition for a research programme and reflects
the commitments that scientists working in that programme are loathe to abandon. In
order to produce empirical predictions, however, they must supplement the hard core with a
“protective belt,” a collection of auxiliary hypotheses that they are more willing to abandon—
the so-called “negative heuristic.” To the extent that a research programme, on balance,
consists in a sequence of theories that predict novel and unexpected phenomena which are
then corroborated by experiment, it is progressive and good science. To the extent that
it fails these requirements, it is degenerating and bad science. Two common ways for this
latter to happen are for the programme to fail to make hardly any definite novel predictions
at all, and for its predictions to be falsified. This occurs when the conjunction of the hard
core, the protective belt, and observations yield a contradiction.
The significance of this distinction for Zwaan et al. (2018) is that it allows them to
identify what’s wrong with research that always resorts to a new auxiliary hypothesis in the
face of a failed replication, what Meehl (1990, p. 112) called “ad hockery”:
As more and more ad hockery piles up in the program, the psychological threshold
(which will show individual differences from one scientist to another) for grave
scepticism as to the hard core will be increasingly often passed, inducing an
increasing number of able intellects to become suspicious about the hard core
and to start thinking about a radically new theory.
Scientists who follow their skepticism in this way act rationally, while those who stick with
degenerating research programs act irrationally. Replication, both direct and conceptual,
thus provides a means to distinguish good psychological science from bad (Zwaan et al.,
2018, p. 2).
There is something right in the identification by Zwaan et al. (2018) and Meehl (1990) of
a problem with research that brushes off failed replications. But, as I argue in the remainder
of this section, it can’t quite be on the grounds of MSRP. I identify three problems:
1. MSRP fits poorly with the statistical hypotheses ubiquitous in psychological science.
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2. As Feyerabend (1970, 1975, Ch. 16) first described, MSRP is normatively toothless, so
can’t ground any normative claims for replication in particular.
3. By following a top-down account, MSRP would make replication important in psychology by making it important in science generally, so that its importance follows
from the same universal reasons. Yet there there are good local reasons to believe that
replication is not as important in every scientific endeavor, or at least not for the same
reasons.
Regarding the first problem, MRSP retains from Popper’s falsificationism the essentially
deductive character of scientific inference. The conjunction of the hard core and protective
belt entail some novel empirical predictions; when those predictions are not borne out, modus
tollens warrants inference to the negation of that conjunction. MSRP’s “negative heuristic”
then mandates inference to a negation of some hypothesis in the protective belt, but to
no negations of hypotheses in the hard core. However, if the conjunction yields only (nonzero/one) probabilistic predictions, then no observation can conflict with them. Data may be
quite (if not perfectly) unlikely, yet this warrants no inference via modus tollens. Logic thus
demands no rejection of statistical auxiliary hypotheses. Research programmes employing
them need never fear condemnation of degeneration.
Some (e.g., Gillies (1971)) have attempted to repair this defect by using significance levels as falsification thresholds for statistical hypotheses. According to this plan, a scientific
community adopts a convention for how improbable or unexpected data can be until it is
considered to furnish a falisfication. Advocates thereof might even point to the already
deeply ingrained tradition of using a 0.05 significance level for this purpose. But the cure is
worse than the poison, as it makes falsification—hence judgments about which research programmes are progressive and which are degenerating—conventional and liable to historical
revision. This is not a remote possibility, as some have advocated lowering this threshold to
0.005 in response to the replication crisis (Benjamin et al., 2018), while others have insisted
on determining the appropriate level on a case-by-case basis (Lakens et al., 2018). Such
conventionality (or subjectivity, depending on the details of implementation) is inimical to
the original goal of rationally grounding the importance of replication because it seems to
undermine normative demands to replicate.
A similar conclusion arises from a traditional problem with MSRP.14 It comes in the form
of a dilemma (Feyerabend, 1970, 1975, Ch. 16). Either MSRP provides normative criteria
for evaluating current science or it does not. If it does, then it condemns the history of
science, for there are many historical examples of degenerating research programs that later
14
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became progressive. It seems that MSRP denies this horn: “In response to this, Lakatos
distinguished appraisal from advice, and said that the task of the philosopher of science is to
issue rules of appraisal, not to advise scientists (or grant-giving agencies) about what they
ought to do. The Demarcation Criterion can evaluate the current state of play but it does
not tell anyone what to do about it” (Musgrave and Pigden, 2016, §4). But if it does not
provides normative criteria for evaluating current science, then it cannot condemn research
programmes in psychological science for eschewing replication. Perhaps Zwaan et al. (2018)
would therefore take the first horn of this dilemma instead, but in that case they would need
to say more about how much ad hockery, exactly, is needed to make a research programme
degenerate. Without this, the success or failure to replicate an important experiment cannot
itself be indicative of a progressive or degenerate research programme, respectively, except
perhaps only as a matter of personal taste.
The last criticism I consider may be related to a more general feature of MSRP, namely
its ambition to structure scientific methodology regardless of field of study as a chapter
in historicist rationality. However, there is significant evidence that there are descriptive
and normative differences between scientific disciplines regarding methodology, including
the importance of replication—direct replication, in particular (Chen, 1994; Norton, 2015;
Leonelli, 2018). In his summary of some of this evidence for this, Guttinger (2020, p. 6) writes
that whether replicability is necessary in a science may depend on “the type of questions
researchers ask, the experimental setups they use, and the nature of the objects they analyse.”
Each of these provides a reason for why direct replication may not be essential in a scientific
inquiry; in some cases, more than one of the reasons applies.15
Sometimes the research questions that scientists ask involve answers that are not intended
to be replicable. Exploratory research provides an example of this. The results of strictly
exploratory research are not typically confirmatory evidence for any particular scientific hypothesis or generalization. Rather, its results are indications about possibly fruitful research
direction to pursue. The mark of good exploratory research, as difficult as it is to measure,
is productive and valuable future results, of whatever sort it engenders, even if those results
are not directly indicated by the original research. It is therefore less concerned with underdetermination, low-level or otherwise. Thus replicability is just the wrong concept to use for
evaluating the results of exploratory research.
Sometimes the experimental or observational setup of a scientific inquiry makes direct
replication prohibitive or impossible. This is the case in much of big science, where the
scientific community often pools its resources to construct a single experimental apparatus.
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The highest energy investigations at the Large Hadron Collider and thescope Human Genome
Project are two notable examples, as are most examples of space and planetary physics that
involve probes and satellites. In such cases a significant portion of a scientific community
is involved in crafting the experimental apparatus, ensuring there will be enough data to
eliminate practically the influence of sampling error, and in precluding questionable research
practices. For example, in discussing the decades of preparations for the expected launch
of Gravity Probe B (actually launched in 2004), Cartwright (1991, pp. 150–1) writes that
direct replication
is a guard against errors in our instruments. That is why it is not absolutely
necessary. The more secure we are in the design of our instruments, the less need
there is for [direct replication]. . . .But the point is that it is worth doing. We
expect that the design will be good enough to trust its outcomes, though we do
not anticipate trying to reproduce them.
This is also the case for “research on materials that are rare, unique, perishable and/or
inaccessible such as depletable samples stored in biobanks . . .archaeological remains[,] or
materials that are hard or expensive to access (such as very costly strains of transgenic
mice)” (Leonelli, 2018, p. 137), even when the research questions involve trends and patterns
of many events. As with the case of big science, “The onus of reproducibility shifts instead
to the credibility and skills of the investigators entrusted with handling those materials”
(Leonelli, 2018, p. 137). Much the same applies to risky medical research on people (and
primate surrogate models).
Finally, sometimes the objects or phenomena in which scientists are interested themselves
make replication prohibitive or impossible. This is the case with many historical, environmental, and social sciences. Archaeology, paleontology, climate science, cosmology, and parts
of macroeconomics take as their respective objects of study the trends and causes within historically singular courses of events. Because of this, direct replication cannot be expected
as a reasonable scientific demand. Medical, sociological, and anthropological researchers using ethnographic and other qualitative methods also do not expect direct replicability, not
necessarily because of the singular nature of their study but because of the complexity of
the textual data produced, the spatiotemporal localization of its origin, and the effects the
researchers themselves have on their objects of study in the course of research (Leonelli,
2018, pp. 137–8).
Zwaan et al. (2018, p. 9) do anticipate these concerns, replying that “concerns about feasibility are orthogonal to the overarching value of direct replications for advancing scientific
knowledge. The fact that replication studies are not always possible does not undermine
17

their value when they can be conducted.” Some of the examples mentioned above show that
this conclusion is not quite right. Replication studies with costs to human lives, heritage,
or biodiversity may be possible, but their ethical costs may outweigh their scientific costs.
The same can be seen just by focusing on scientific value. In big science, where the prolonged and widely distributed experimental design process and period of data collection is
intended to fulfill the functions that direct replication can provide, direct replication would
in fact be of little value. In any case, since Zwaan et al. (2018) concede that sometimes
replications of valid scientific discoveries are not feasible, they must forfeit replication as a
criterion for valid scientific discovery and for distinguishing progressive from degenerating
research programmes.

5

Concluding Comparisons

The new, bottom-up account of the role of replication in psychological science that I provided
in section 3 contrasts with the top-down account via MSRP in section 4 in three ways that
I discuss presently. The first is on the the last point of criticism of MSRP: not just it,
but top-down accounts in general seem to predict much more uniformity to replication’s
function and use across science than is observed. By contrast, bottom-up accounts predict
that the functions that replication serves will vary from scientific discipline to discipline—
indeed, even within scientific disciplines—correlated with the types of underdetermination
challenges faced. Even superficial comparison with psychology of some of the examples
mentioned, such as the big science of the Large Hadron Collider and the Human Genome
Project or the some aspects of sciences interested in singular events such as archaeology and
paleontology, reveals that the types of underdetermination faced—even low-level ones—vary
across scientific investigations.
Second, and relatedly, top-down accounts require replication’s universal import across
science, and for the same reasons. By contrast, bottom-up accounts are compatible with
replication performing some function or other in every science, but do not demand this as a
matter of logic. Neither do they demand the converse. It seems to be conceptually possible
that there could be scientific investigations that do not face any of the underdetermination
challenges that are replications’ function to assuage.16
Third, a top-down account, if correct, might be argued to posses a virtue of unity, in
that it would show how the importance of replication follows from something like a universal
16
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principle. In that sense it would provide an explanation of replication’s importance and role
by unification. Bottom-up accounts do not have the same sort of unity, but the account I have
advanced, based on a functional characterization of replication, possesses unity nonetheless.
It understand replication as a response to underdetermination at the level of individual or
small groups of scientific studies, even though the exact nature of the underdetermination
challenge varies from case to case depending on the epistemic, material, and institutional
features of the scientific discipline at hand. It unifies in the same sense that functional
accounts of other phenomena unify: not under the aegis of a general principle, but according
to the type of role played across the phenomena in question. Replications indeed serve a
unified function, even if realized in quite different ways.
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