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Abstract

The replicability of a research claim is often positioned as an important step in establishing
the credibility of scientific research. This expectation persists despite ongoing disagreements
over how to characterise replication practices in various contexts. Rather than attempt to
explain or resolve these disagreements, we propose that there is value in exploring the
variable uses of the replicability concept. To this end, we treat the replicability concept as a
goal-directed tool for studying scientific practices. This approach extends scholarship on the
goal-directed uses of concepts within investigative practices to explore the value of reflexively
interrogating those concepts used to study the sciences as practiced. In doing so, we highlight
the importance of considering how and when a given concept is an appropriate tool for a
given goal when studying scientific practices. For instance, in the case of the replicability
concept, our examination suggests that there is value in clarifying how a given
characterisation of replicability is appropriate to a given context-specific analytic and/or
evaluative goal. In addition, we hope to draw attention to how Metaresearch and HPS
contexts provide complementary insights for those seeking to understand when and how
replication practices can help in assessing a given research claim.
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Introduction

Insights about the uses of scientific concepts as goal-directed tools within investigative
practice offer an avenue for reflecting on how concepts are used to study the process of
generating and disseminating research claims within the broader dynamics of scientific
practices.! To illustrate this potential, we explore some of the variable uses of the
replicability concept within studies that evaluate and/or analyse the dynamics of scientific
practices.

The replicability of a research claim is a contested concept. Used broadly, replicability refers
to any practice of assessing a research claim by repeating a prior study and comparing any
findings about the phenomena of interest with those originally reported.? Given the
difficulties of repeating any given study, this concept is often refined by specifying additional
characteristics. Which characteristics are associated with a given use of the replicability
concept often reflect the criteria expected to identify those practices that count as
replications and the measures proposed for determining replication success/failure. For
example, additional details sometimes characterise replication practices in terms of the
ideal degree of similarity between the original and repeated study. Alternatively, replication
practices are characterised by a set of criteria for determining when a repeated finding
successfully reproduced those originally reported. Yet another way to characterise
replication practices is by articulating guidelines for assessing the validity of the reported
relationships between a repeatable finding and the scope of the research claim. To further
complicate the situation, a range of ambiguous terminology has emerged in attempts to
characterise the various practices associated with establishing the replicability of a research
claim (Barba, 2018; Plesser, 2018). There are a range of productive approaches to examining
variable characterisations of replication practices, and their associated terminological
ambiguities. These include studying the contexts within which various terminology for
replications came to be used (e.g., Peng & Hicks, 2021; Plesser, 2018), exploring variable
understandings of what counts as replication practices (e.g., Alister et al., 2021; Fraser et al.,
2020), outlining context-specific approaches to replication practices (e.g., Machery, 2020;
Nosek et al., 2021), and examining replication practices as part of other historical,
philosophical, and social studies considerations (e.g., Guttinger, 2020; Peterson & Panofsky,
2020; Romero, 2019).

In this paper we focus on understanding variable uses of the replicability concept for
studying scientific practices, rather than attempt to resolve disagreements over how to
characterise these practices, or define relevant terms within specific epistemic

1 Unless otherwise specified, ‘research claim’, or ‘claim’, is used synonymously with ‘first-order knowledge claim’ — that is,
a claim generated by scientific research practices and presented as a unit contribution to a field of scientific knowledge
such that, if it were to be incorporated into the structure of that field, could contribute to accepted scientific facts
(Leydesdorff, 1991, p. 75). This includes, yet is broader than, narrower definitions of a research claim as a statistically-
based assertion about the strength and direction of an effect. Relatedly, throughout this paper ‘investigative practices’
indicates epistemic activities that generate first-order units of knowledge (research claims), including experimental
interventions, as well as field observations, modelling, and more. These are an element of the broader range of ‘scientific
practices’ through which first-order knowledge claims contribute to the generation and dissemination of established
scientific knowledge (including peer-review and publication practices, funding constraints, and so forth).

2 Here we use the term phenomena for ‘stable regularities in the world’, as distinct from an instance of a given
phenomenon that is reported as the effect found in a specific investigation/experiment.
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communities.3 This focus on the uses of the replicability concept builds on scholarship
detailing how specific concepts can contribute to the localised practices of scientific
investigation.* This scholarship supports an understanding of scientific concepts as
structured within communities of practice to function as goal-directed tools.> Recognising
that scientific concepts can function as tools within investigative practices suggests that the
concepts used to analyse and evaluate these practices also need interrogation. Taking this
reflexive view, we explore how literature on the uses of concepts as goal-directed tools
within investigative practices can be extended to interrogate the uses of concepts for
evaluating and analysing the dynamics of scientific practices.

With this extension we treat the replicability concept as a tool for studying scientific
practices, rather than detail how the replicability concept functions as a goal-directed tool
more generally. By taking this approach, we also hope to draw attention to how different
goals-directed uses of the replicability concept can complement each other. To this end, we
make an analytic distinction between two of the broad approaches to using the replicability
concept. However, this distinction should not be taken as describing disciplinary boundaries.
While specialised disciplinary approaches to studying scientific practices are important,
Joseph Rouse (2011) notes that the enclaves that form around specialist approaches to
studying scientific practices can often obscure their overarching insights. Therefore, we do
not intend to comment on any of the disputed boundaries between the multiple disciplines
within which the replicability concept is used. Instead, we hope to highlight some
overarching insights that are emerging from the uses of the replicability concept within two
valuable approaches to studying scientific practices.

The first of these approaches is exemplified by approaches that emerge from the
perspective of scientists studying the sciences as practiced. Within this ‘Metaresearch
context’, studying replication practices often involves gathering empirical evidence that
facilitates the evaluation of specific scientific practices and the development of
improvement initiatives across multiple scientific disciplines.® The second of these
approaches is often found within studies of replication practices that draw on perspectives
informed by the historical, philosophical, and/or social studies of the sciences as practiced
(HPS). Within this ‘HPS context’, the perspective cultivated focuses on developing accounts
that analyse the dynamic conditions within which various elements of scientific knowledge
are generated and disseminated over time.”

3 Throughout this paper ‘replicability’ refers to the notion that a given research claim can be assessed in terms of its likely
replicability, with the term ‘replications’ used for the wide variety of specific practices associated with this concept
(including when those practices are described in other terms). This is consistent with Guttinger’s (2020) distinction
between the practice of attempting to reproduce a given prior finding (replications) and the quality of a given finding which
can be assessed in terms of the feasibility of the relevant study being replicated (replicability).

4 For an overview of these strands, see (Smith, 2019).
5 This approach is outlined below. For more detail, see (Smith, 2018a, 2018b).

6 For accounts of Metaresearch emphasising the importance of evaluating and improving scientific practices, see (loannidis,
2018; loannidis et al., 2015). For an account of the ‘social movement of Metascience’ as emerging at the intersection of
earlier metaresearch practices within open science activism, the science of science, and statistical and methodological
critiques, see (Peterson & Panofsky, 2020).

7 For accounts of HPS studies emphasising the value of analysing the historical, philosophical, and social implications of the
sciences as practiced, see (H. Chang, 2014; Soler et al., 2014).
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It is worth reiterating that this is an analytic distinction. Neither the Metaresearch or HPS
contexts take a uniform approach to studying the sciences as practiced, and there are
notable overlaps between their respective contributions to evaluating and analysing
scientific practices. As detailed below, distinguishing between Metaresearch contexts and
HPS contexts is a device to highlight the complementary insights converging from differing
goal-directed uses of the replicability concept when studying scientific practices. Making this
analytic distinction allows us to focus on exploring examples of the replicability concept
being used to pursue two goals: i) evaluating contemporary investigative practices within
Metaresearch contexts that seek to inform initiatives for improving the generation and
dissemination of scientific knowledge, and ii) analysing a range of historical and
contemporary investigative practices to contribute to understandings within HPS contexts of
the long-term dynamics of generating and disseminating scientific knowledge.®

While focusing on the differences between these two goals-directed approaches to using
the replicability concept, it is important to note that they overlap in many ways. For
instance, both goals reflect shared assumptions about the relative value of the multiple
interdependent epistemic functions attributed to replication practices within both
Metaresearch and HPS contexts. These interdependent functions include testing the
reliability of the findings reported in support of a given research claim, as well as helping to
establish the robustness and/or generalisability of a research claim that a set of findings is
reported to support.® As detailed later, these shared assumptions can be seen in the
asymmetrical value attributed to these overlapping epistemic functions in different
contexts.

In examining the uses of the replicability concept as a tool for studying scientific practices
within Metaresearch and HPS contexts, our aim is to highlight the value of recognising that
concepts are used for pursuing context-specific goals. In doing so, we explore how the
variable goal-directed uses of the replicability concept can contribute to converging
accounts of scientific practices. As demonstrated below, this includes a convergence
between Metaresearch and HPS scholarship highlighting that expectations about replication
practices need to be contextualised in relation to the specific scientific practices being
studied.

Comparing the uses of the replicability concept within Metaresearch and HPS contexts also
demonstrates the potential of reflecting on the goals towards which evaluative and analytic
concepts are being used. In this case, treating replicability as a concept used as a goal-
directed tool demonstrates that, just as with concepts used within investigative practice,
there is value in justifying when and how to use concepts as tools to study scientific
practices. To illustrate this potential, we treat the replicability concept as a tool for studying
scientific practices so that we can focus on comparing how the replicability concept can be
used to pursue the context-specific Metaresearch and HPS goals outlined above. As with

8 While outside the present scope, one important point of difference is that Metaresearch studies often draw on old
prescriptivist philosophical accounts of (an ideal) Science that are no longer considered relevant to contemporary HPS
accounts of the sciences as practiced. For example, see Maarten Derksen’s (2019) description of the influence of
Poppererian philosophy of science on the reform movement in social psychology.

9 Note that concepts such as reliability and robustness have equally varied uses across different contexts. For this
discussion we are using these to distinguish between practices that establish whether a reported result can be reproduced
by repeated trials of the same conditions (reliability) and those that establish whether equivalent results are found under a
wide range of conditions (robustness).
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concepts used within investigative practices, specific uses of the replicability concept rely on
sets of characteristics that individuate those specific forms of replication practices relevant
to context-specific goals. Given this, it is difficult to compare uses of the replicability concept
without considering the range of associated characteristics. Therefore, we begin by
contextualising disagreements over how to characterise practices associated with the
replication concept.

Having outlined the contested characterisations of the replicability concept, we then review
the strand of scholarship demonstrating the value of investigating the uses of concepts as
goal-directed tools within investigative practices. Building on this scholarship, we extend the
view of concepts-as-tools to argue for the value of reflexively examining the concepts we
use to study how investigative practices contribute to scientific knowledge more generally.
Taking this approach, we explore uses of the replicability concept within the contexts of
Metaresearch and HPS studies of scientific practices — focusing on a comparison between
studies with an evaluative or analytic goal.

In the final section we aim to demonstrate the value of examining the replicability concept
as used for context-specific goals. In doing so, we illustrate the importance of justifying how
a given characterisation of replicability appropriately individuates the replication practices
relevant to a given context-specific analytic and/or evaluative goal. In addition, we draw
attention to how variable uses of the replicability concept within Metaresearch and HPS
contexts each provide complementary insights about when and how replication practices
offer a relevant strategy for assessing a given research claim.

Characterising replication practices

There have been multiple attempts to characterise the set of practices required to assess
the replicability of an individual study. For instance, one review of the social science
literature identified 18 replication typologies and 79 replication types (Gomez et al., 2010).
These different typologies highlight the range of overlapping characteristics proposed for
various types of practices associated with repeating a study in ways that assess the
replicability of a research claim. Additionally, accounts of replication-like practice often use
alternative terms — including repetitions and reproductions — each of which have also been
inconsistently characterised. The difficulties of establishing which characteristics individuate
the set of practices required to assess the replicability of an individual study suggests that
disagreements over defining the term replication are only part of the story. Therefore,
before comparing context-specific uses of the replicability concept, it is important to
appreciate the range of characteristics that have become associated with this concept
within both Metaresearch and HPS contexts. As detailed in the next section, these
characteristics help to individuate an instance of the concept being used to study a specific
type of investigative practice. This process of individuation involves identifying how the
practice of interest is distinct from other related practices.

One influential way to distinguish between key types of replication practices is based on the
degree of similarity between the original and repeated study (Fidler & Wilcox, 2018;
Schmidt, 2017). A prominent example is the continuum between ‘direct’ and ‘conceptual’
replications (Schmidt, 2009). At one end of the scale, the term ‘direct replicability’ refers to
the practice of repeating an initial study by following the same procedures as closely as
possible. At the other end of the scale, ‘conceptual replicability’ refers to the practice of
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repeating the initial study while deliberately altering one or more key components of the
original procedure. This direct/conceptual continuum has been both influential and
controversial (Guttinger, 2020; Nelson et al., 2020).

There are also attempts to differentiate between types of replication practices focusing on
the expected function of each practice. For example, Nancy Cartwright (1991) argued for
three levels of practice: (i) routine checking of the implementation of a given study; (ii)
replication of the results, and (iii) reproduction of the phenomenon. Hans Radder (1992)
proposed a different three types: (i) exact repeatability of the experiment from the same
point of view of the theoretical interpretation of the question; (ii) replicability of the
experimental result; and (iii) reproducibility of the material realization of the experiment
regardless of theoretical expectations. More recently, discussing machine learning in the
biosciences, McDermott et al., (2019) argue that there are three criteria for demonstrating
the reproducibility/replicability of a study: reproduction of results under identical technical
conditions; reproduction of results under statistically identical conditions; and replicating
results under conceptually identical conditions. Meanwhile, drawing on the approach taken
by the National Academies of Sciences, Brian Nosek and colleagues (2021, p. 4) offer
another set of distinctions: “Replication refers to testing the reliability of a prior finding with
different data. Robustness refers to testing the reliability of a prior finding using the same
data and different analysis strategy. Reproducibility refers to testing the reliability of a prior
finding using the same data and same analysis strategy”.

Types of replication practices have also been distinguished from each other based on
characteristic differences in the scope within which the research claim is expected to be
stable. For example, while the repetition of experimental findings by original researchers
feature as one of the practices associated with establishing the replicability of a given
research claim historically, contemporary replications are most commonly characterised as
a practice conducted by researchers not involved in the original study.'® Additionally,
replication practices have been characterised based on distinctions between their role in
establishing either the internal or external validity of a research claim (Fabrigar et al., 2020;
R. McDermott, 2011).1 In this context, practices with internal validity are characterised as
demonstrating internal consistency between a reported effect and the associated inferences
underpinning a claim. In contrast, practices with external validity are characterised as
helping to establish that a claim can generalise beyond the initial conditions (either by
demonstrating that the effect persists beyond initial study conditions or that the claim is
supported by converging findings).

The challenges of characterising such a wide range of practices as replications are well
recognised. For example, in explaining the value of studying the role of re-doing
experiments within the history of the sciences, Jutta Schickore (2011, p. 345) notes that “the
very concept of replication has not received very much analytic attention.... As yet, no
consensus about these concepts, their meaning and significance has emerged”. Likewise,
Samuel C. Fletcher (2021) draws attention to the lack of justifications provided for the

10 For examples of studies focusing on researchers repeating their own studies, see (Bogen, 2001; Guttinger, 2019;
Schickore, 2011); for examples and discussion of the expectation of independence of a repeated study, see (Clemens, 2017;
Gomez et al., 2010; Guttinger, 2019; Makel et al., 2012; Patil et al., 2016; Radder, 1992).

11 For more on the distinction between internal and external validity, see (Guala, 2003).
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various ways in which the success/failure of replicability is measured. In addition, surveys of
scientists demonstrate that there are multiple practices associated with replication concepts
more generally. For example, when ecologists were presented with a choice of six variations
on how a study might be repeated and asked to select which they considered to be
replications, less than 40% chose only one option (Fraser et al., 2020). Similarly, a dual-
language survey of psychologists found a clear preference for two of the options on the list
of replication variations — with Italian psychologists seeming to rely on a more restricted
meaning of replication than Australian psychologists (Agnoli et al., 2020).

In response to the challenges raised by the range of practices characterised as replications,
there have been attempts to specify which one set of such practices has the most value.
This includes proposals to narrow the definition of ‘replication’ — definitions which
necessarily exclude related practices previously conceptualised as forms of replication
practices. For example, Edouard Machery (2020) proposed recategorizing conceptual
replications as extensions based on the argument that replications should refer only to their
‘proper function’ of establishing the reliability of a research claim through the practice of
repeating the key components of the investigation as closely as possible. Meanwhile,
describing direct replications as an idealised expectation in the ability to test the reliability
of an effect, Brian Nosek and Timothy Errington (2020) propose a differently narrowed
definition that emphasises the role of multiple replications in establishing the
generalisability of a claim. This re-definition specifies that a replication can be any kind of
study that would provide “diagnostic evidence about a claim from prior research” (Nosek &
Errington, 2020, p. 2). Definitions aside, other aspects of these accounts of replicability are
compatible. However, focusing on attempts to define the term ‘replications’ can obscure
this complementarity (and potentially add yet more candidates to the array of typologies
available for differentiating replications from related practices).

In addition to the range of terms and inconsistent characteristics, there are also difficulties
in establishing the relative value of different types of replication practices. Exploring this
possibility, an analysis of the discourse around replication practices suggests that
disagreements about replications reflect foundational differences in perspective — from
entrained disciplinary differences, to differences in baseline assumptions about the intrinsic
heterogeneity, or lack thereof, within the natural world (Nelson et al., 2020). One such
difference in perspective is the context-specific goal which the replicability concept is used
for when studying scientific practices. With this in mind, in the next section we examine how
the replicability concept is used for studying scientific practices from perspectives
exemplified within Metaresearch and HPS contexts respectively.

Replicability as a concept for studying scientific practices

As outlined above, replicability is a disputed concept. In addition to the ambiguous
terminology, there is no single set of characteristics that individuate all those practices
associated with assessing the replicability of a research claim. Fortunately, there is a strand
of scholarship detailing a range of productive ways in which disputed scientific concepts can
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function productively even without consensus on the relevant terms or defining
characteristics.*?

As mentioned earlier, this strand of scholarship offers a view of scientific concepts as
structured within communities of practice to function as goal-directed tools.*3 While the
insights associated with this view emerged through studies of the uses of scientific concepts
within investigative practices, they have the potential to prompt similar reflections on how
concepts can also function as tools for studying scientific practices more generally. To
explore this potential, we draw on the view of concepts as goal-directed tools to reflect on
how the replicability concept is used to evaluate and/or analyse how specific types of
investigative practices contribute to scientific knowledge. In taking this approach, we are
not seeking to establish that the replicability concept functions as a goal-directed tool in
general (that would require a far more extensive study). Instead, we focus on the more
foundational possibility there is value in extending existing insights about how scientific
concepts can be used as goal-directed tools within investigative practices, to help us reflect
on how the replicability concept is used to evaluate and/or analyse specific types of
scientific practices within Metaresearch and HPS contexts respectively.

While a full exposition of the literature behind this view of concepts would go beyond the
present scope, it is important to clarify some of the key analytic terms we have adopted.
Firstly, we understand scientific concepts to be accrued bodies of shared knowledge used to
individuate instances of a type of phenomena investigated in pursuit of specific goals within
a given knowledge domain (Smith, 2019). The approach treats scientific concepts as
functioning at the scale of small communities of practice (i.e. as more than mere elements
of individual cognition, yet not so pervasive as to be elements of major social systems of
thought). Likewise, our focus on the uses of concepts draws on studies of scientific concepts
that contributed to empirical knowledge in ways that extend beyond their more
traditionally recognised roles in mental and linguistic representation (MaclLeod, 2012;
Nersessian, 2012). This appreciation of concept-use also aligns with research demonstrating
that concepts need not refer to a universally accepted referent to function productively
within scientific practices (Bloch, 2012b; Bloch-Mullins, 2020; Brigandt, 2003; Péyhonen,
2013; Waters, 2014). Relatedly, there is a growing appreciation for the view that concepts
can be neither reduced to their referents nor dismissed as mere social constructs (Kindi,
2012).* Instead, concepts are increasingly understood to emerge and evolve within locally
contingent and historically dynamic patchworks such that they can resist their intended use
(Kindi, 2012).

We also draw on the notion that concepts can be used as tools that enable scientific
practice (Arabatzis, 2019).% As Uljana Feest (2010, p. 173) argues, scientific concepts can
function as tools that individuate a given type of phenomena (for further investigation

12 For an overview of the multiple strands of literature contributing to this area of scholarship see (Smith, 2018a, 2018b).
13 For more detail, see (Smith, 2020).

14 For more on the value of pluralistic realist views of scientific concepts that do not assume that natural kinds can be read
off the world, see Bloch-Mullins (2020, p. 24).

15 For examples, see (Bloch, 2012a; Boon, 2012; Feest, 2012; MacLeod, 2012; Steinle, 2012).

7/29



Smith, Eden T., Hannah Fraser, Steven Kambouris, Fallon Mody, Martin Bush, and Fiona Fidler. Preprint 2021 ‘Goal-Directed Uses of the Replicability Concept’.

within an available body of knowledge) by singling out instances of that phenomena from
related phenomena. This process of singling out an instance of a given type of phenomena
requires knowing which characteristics, or ‘phenomenal properties’, are unique to the
phenomena of interest (i.e., not shared by other types of potentially related phenomena).®
In addition to further development of the notion of concepts as tools, our emphasis on how
concepts are characterised draws most directly on the work of Corinne Bloch-Mullins
(2012a; 2020). For example, Bloch-Mullins (2020) argues that the process of individuating a
concept involves articulating the distinguishing characteristics of the phenomena of interest
— characteristics which may describe referential targets and reflect the inferential
associations and contextual goals of the concept used. This appreciation for analysing
multiple components of a concept also draws on Ingo Brigandt’s (2002, p. 4) description of
three of the distinct roles that concepts can play in scientific practices: the referential
component (the kinds of entities, properties, or processes a concept refers to); the
inferential component (connecting beliefs about how a concept can be used to support the
inferences and explanations between the concept and other concepts within a given
language community); and the epistemic goal (a component which provides the role of
setting standards for what a concept can be used for within a given investigative practice).
Examining each of these components helps to highlight how inferences are revealed or
obscured by the entrenched associations embedded in the conceptual relationships that
support the use of that concept for investigating and explaining the referential target (the
phenomena of interest) for the purposes of a specific epistemic goal. Within this dynamic
the characteristics of the referenced type of phenomena, and the set of inferences about an
instance of that phenomenon, can all be changed if deemed epistemically warranted by the
standards set by the epistemic goal the concept is used to pursue (Brigandt, 2012). Given
this, when talking about goals, we seek to build on research exploring the importance of
contextualising any given scientific concept in relation to the goals it is used to pursue
(Brigandt, 2012, p. 78; MaclLeod, 2012, p. 68; Steinle, 2012, p. 107). Understood within their
context, concepts are tools that can only be judged as appropriate, or not, in relation to
their use for a given goal (Steinle, 2010a, 2010b).

Drawn together, these fields of research provide a strand of scholarship demonstrating that
scientific concepts can function as tools that are structured within communities of practice
for pursuing context-specific goals (Smith, 2018a, 2020). For example, in a comparison of
the goal-directed uses of two historically interdependent concepts as independent tools,
Eden T. Smith (2018a) details how unexamined inferential assumptions about the
phenomena of interest became entrenched in the routinised uses of these concepts in
neuroimaging experiments. Used in routine pursuit of specific epistemic goals, these
concepts were found to function analogously to mundane material instruments: treated as
reliably appropriate for the purpose at hand — rarely justified and largely taken for granted.

Building on this strand of literature, insights from examining the context-specific uses of
concepts as tools within investigative practice can be extended to reflect on how concepts
function as evaluative and/or analytic tools for studying how investigative practices
contribute to the generation and dissemination of scientific knowledge more generally. This

16 To use Farkas’ (2013, p. 399) example, “if two experiences both involve feeling cold they share a phenomenal property; if
two experiences both involve something appearing blue, they share another phenomenal property”.
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extension draws on each of the key insights outlined above. To detail this extension, we will
consider each point as it relates to examining uses of the replicability concept in studies that
seek to evaluate and/or analyse the role investigative practices that involve repeating a
previously reported study in generating and disseminating scientific knowledge.

The first point from the above snapshot of this literature is that concepts are frequently
used within investigative practices even when their referential components remain
disputed. Further, such disputed concepts are shown to function as productive tools in the
generation of experimental knowledge. This suggests that there is value in considering the
productivity of the contested concept of replicability for studying specific, yet ambiguously
delineated, sets of scientific practices.

The second point is that concepts can be used as tools to individuate instances of the type
of phenomena being investigated within a given set of investigative practices. As detailed
above, when used within investigative practices concepts can function as tools to
individuate a given type of phenomena of interest for further investigation by singling out
instances of that type of phenomena from related phenomena based on a unique set of
characteristics from within the available body of knowledge. Now, to extend this point from
concepts used within investigative practices to those concepts used to study scientific
practices, we will treat the ‘practices being studied’ within Metaresearch and HPS as
analogous to the ‘phenomena of interest’ within a specific investigative practice. With this
view, concepts such as replicability can be understood as a tool for singling out an instance
of scientific practice for further evaluation and/or analysis. For example, when the
replicability concept is used to study scientific practices it relies (often implicitly) on there
being a set of differentiating characteristics delineating the type of replication practice of
interest from potentially related types of practices.

In the context of studying scientific practices, the replicability concept may similarly function
as a tool when used to individuate a given type of replication practice for further study
within the available body of knowledge provided by Metaresearch and/or HPS contexts. As
with individuating an instance of a given scientific phenomena for further investigation, the
process of individuating a specific set of scientific practices for further study involves
articulating the distinguishing characteristics that help to single out instances of that
practice within a broader typology of related practices. Reflecting the complexity of such a
process, the characteristics individuating a given conceptualisation of the practice of
interest may describe specific referential targets while also reflecting the inferential
associations entrenched in the contextual goals of the concept as used within the relevant
context.

This brings us to the point that the characteristics used to individuate a given
conceptualisation of a phenomena/practice of interest simultaneously describe specific
referential targets and reflect the inferential associations entrenched in the contextual goals
of the concept as used within the relevant context. Thinking about this is in terms of how
the replicability concept is used highlights the interdependence of each component: an
implied referential target (such as a given set of practices involved in repeating a prior
study); as well as range of inferential associations (such as expectations about how this
specific way of repeating a study establishes the reliability or robustness of a research
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claim); and the epistemic goal (that sets the standards within which the practices of interest
are studied — such as in terms of evaluating those practices to inform improvement
initiatives, or analysing the conditions within which these practices contribute to broader
fields of scientific knowledge over longer time frames). Viewed in this way, the variable uses
of concepts such as replicability can be assessed in terms of their appropriateness for the
relevant goal, rather than expecting replicability to function as a universally applicable
concept.

The final point highlights that the uses of concepts emerge in relation to the historically
contingent goals of communities of practice. While the historical context of Metaresearch
and HPS perspectives are beyond the present scope, it is important to appreciate the
possibility that uses of replicability concept came to be structured by entrenched inferential
associations that accrued within the bodies of knowledge generated by these different
communities of practice over time.

While brief, each of these points suggest that insights gained from examining the variable
uses of scientific concepts as goal-directed tools in investigative practices offer avenues for
reflecting on how disputed concepts are used to study scientific practices. In illustrating this
extension, we also outlined the first step in exploring the potential of interrogating the
replicability concept as if it is used as a goal-directed tool for studying scientific practices.’
In the next section, we treat the replicability concept as a goal-directed tool as a way of
exploring the complementarity of evaluative and analytic approaches to studying scientific
practices. In doing so, we aim to demonstrate that there is value in identifying the goal-
directed uses of the replicability concept as a tool for studying scientific practices.

Contextualising different uses of the replicability concept

There are many approaches to studying how investigative practices contribute to scientific
knowledge. We compare two of these approaches to highlight the value of reflecting on the
goal-directed uses of evaluative and analytic concepts within these contexts. To this end, we
draw on examples of each of these approaches as exemplified by studies published within
Metaresearch contexts and HPS contexts respectively. As detailed earlier, this is merely an
analytic distinction: these two approaches often overlap, and both contribute to multiple
contexts.

The approach exemplified by Metaresearch studies involves gathering empirical evidence
about specific investigative practices with the aim of informing evaluations and
improvement initiatives within one or more of the sciences. In line with this approach,
Metaresearch studies that use the replicability concept often prioritise the goal of
evaluating how contemporary scientific practices can be improved. Meanwhile, the
approach exemplified by HPS studies using the replicability concept tend to focus on the
goal of analysing the diachronic dynamics of the diverse practices involved in generating and
disseminating scientific knowledge.

17 This example is not intended to establish that the replicability concept functions as a goal-directed tool — that would
require a historical analysis of the dynamic conceptual developments through which it came to be used as a tool within
various contemporary practices, the extent of such a study is outside the present scope.

10/29



Smith, Eden T., Hannah Fraser, Steven Kambouris, Fallon Mody, Martin Bush, and Fiona Fidler. Preprint 2021 ‘Goal-Directed Uses of the Replicability Concept’.

While exploring the differences between these approaches, we also draw on a view of
concepts as goal-directed tools (detailed earlier) to explore how these different uses of the
replicability concept in Metaresearch and HPS contexts converge. To this end, in this section
we provide some examples of the goal-directed uses of the replicability concept within
Metaresearch and HPS contexts. Then, in the final section, we build on these examples to
outline how treating the replicability concept as a goal-directed tool highlights an
underappreciated complementarity between the perspectives exemplified within
Metaresearch and HPS contexts respectively.

Metaresearch on replication practices

Metaresearch accounts of replication practices tend to prioritise the goal of evaluating
contemporary practices for generating and disseminating scientific knowledge. In doing so,
Metaresearch approaches can help to improve practices associated with the concept of
replication within one or more fields. Many of these studies take the value of replication
(variously characterised) as a given, focusing on explaining the low rate of scientific research
claims being replicated and proposing strategies for increasing this rate. For example, within
the psychological sciences, replication has become a well-recognised criterion for improving
the credibility of research claims (Lindsay, 2015; Vazire, 2018). Meanwhile, replicability
concerns also feature in other disciplinary-specific reform discussions — from social sciences
(A. C. Chang & Li, 2018; Christensen & Miguel, 2018), to ecology (Fraser et al., 2020; Kelly,
2019), biology (loannidis et al., 2015; Ryan, 2011) and the biomedical sciences (Begley C.
Glenn & loannidis John P.A., 2015; Danchev et al., 2019).

Interest in evaluating replication practices received a boost following some large-scale
projects that repeated multiple published studies. In these projects, repeated studies
frequently failed to generate the originally reported findings (Camerer et al., 2016, 2018;
Klein et al., 2014; Open Science Collaboration, 2015). These studies prompted investigation
into the proportion of studies that attempt to replicate previous findings, and why
replication studies so often find different results to original studies. For example, several
studies focused on demonstrating how rarely replications are published within specific
disciplines, including ecology (Kelly, 2006, 2019), psychology (Makel et al., 2012), and
medicine (Begley & Ellis, 2012).

These types of studies demonstrated that, while assumed to be routine in principle, the
actual practices required to establish the replicability of research are both infrequently
attempted and more complicated to conduct than expected. One response to this
realisation within Metaresearch contexts has been to examine the barriers to attempting
replication studies. These barriers include institutionalised structures that disincentivise
replicating research claims by preferentially funding and publishing novel research (Agnoli et
al., 2020; Fraser et al., 2020). In addition, this pressure to publish large volumes of research
with novel, exciting findings can lead researchers to engage in ‘questionable research
practices’ (John et al., 2012). For instance, publication pressure can prompt researchers to
adopt questionable research practices that increase the chance of finding a statistically
significant relationship regardless of whether instances of the phenomenon exist as an
intersubjectively testable regularity, (e.g. conducting large numbers of analyses and only
reporting the ones with statistically significant effects). Relatedly, questionable research
practices can make research seem more exciting than is warranted to increase the chance of
publication (e.g. describing post hoc hypotheses as if they had been derived a priori). This
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suggests that, as well as disincentivising replication attempts, the pressure to publish novel
findings contributes to the prevalence of questionable research practices that, in turn,
decrease the likely replicability of research claims.

Even when research is conducted thoroughly and without these questionable research
practices, Metaresearch studies have highlighted how conducting replications can be
difficult because of the incomplete reporting of methods. For instance, not only does
incomplete reporting make it logistically more difficult to repeat a study, it also leaves room
for hidden moderators. These hidden moderators are unreported aspects of the original
study that are influential on the results. Jay Van Bavel and colleagues (2016) found that
studies with high susceptibility to hidden moderators in the reproducibility project:
psychology (Open Science Collaboration, 2015), were less likely to replicate. However,
evidence from the Many Labs studies suggests that for most studies, undescribed
differences in research setting have minimal effect on the results (Ebersole et al., 2016;
Klein et al., 2014, 2018). The concern about hidden moderators commonly arises in
response to new replication studies, despite evidence that, at least in psychology, the
influence may be minimal (Klein et al., 2018) and concern that claiming hidden moderators
post hoc makes science unfalsifiable (Zwaan et al., 2018).

Given the small number of replications being attempted and the low replicability rate,
Metaresearch studies have arisen questioning the role of replication in the scientific
discourse, including in the survey of ecologists mentioned earlier. In this survey, a wide
range of practices were found to count as replication studies (Fraser et al., 2020). In
addition, while an overwhelming majority of the surveyed ecologists expressed support for
replication studies, few checked for replication studies when assessing research claims
themselves (Fraser et al., 2020). As Hannah Fraser and colleagues (2020) note, the practice
reported by ecologists echoes comments made about replication in interviews of
biochemists by sociologists Michael Mulkay and Nigel Gilbert (1986). For example, most
biochemists reported disinterest in replicating the work of other researchers, yet all claimed
that their own work had been independently replicated (Mulkay & Gilbert, 1986). This
tendency to have simultaneous yet contradictory expectations about replication practices
has been described as a form of conceptual slippage (Mulkay & Gilbert, 1986). On the one
hand, researchers drew on a narrow conceptualization of replicating the work of others —
primarily in terms of repeating an experiment directly, to test the reliability of experimental
results. Whereas, when thinking about whether their own research had been replicated, a
broader concept of replication emerged — where researchers reported their own research
claim as replicated given the persistence of their claimed effect when elements of their
original experiment have been intentionally varied.

Despite these shifting assumptions about the actual practice of conducting replications, the
value of establishing the replicability of research claims still tends to provide a foundational
expectation when evaluating scientific practices. For example, O’Dea and colleagues (2021)
respond to lack of replication studies being conducted within ecology and evolutionary
biology by suggesting that incentives could help to better align the behaviours of
researchers with beliefs of researchers (in the value of replications). This perspective can
also be seen in the range of improvement initiatives prompted by the increasing awareness
of the barriers to conducting replications in practice. For instance, several initiatives are
targeted at improving the efficiency and effectiveness of peer review. Examples of this
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include increasing or decreasing the anonymity of peer review, introducing results-blind
peer review or Registered Reports to ensure that reviewers decisions aren’t influenced by
how exciting the results are (Hamilton et al., 2020) , and outsourcing peer review to a
community of researchers who emphasise transparent research practices (O’Grady, 2021).
Several of these proposals have been picked up at scale. For example, within psychology
there has been a shift in norms towards more rigorous reporting statistical power and pre-
registration requirements (Strickland & De Cruz, 2021). More recently, the pressure to
quickly share medical research during the COVID-19 pandemic has driven an initiative to
speed up the Registered Report process to reduce the preliminary review time to 48 hours
(Brock, 2020).

In addition to developing initiatives to reduce the barriers to conducting replications as a
way of establishing the reliability of research findings, some approaches within the
Metaresearch context are shifting the focus towards evaluating how to improve the
robustness of generalisable research claims beyond the initial study conditions. This shift
can be seen in Nosek and Errington’s (2020) proposed redefinition of the term replication
mentioned earlier. Similarly, Tal Yarkoni (2020) argues that, while efforts to establish that an
effect is repeatedly precise are important, this only matters if the research claim is
meaningful at a scale that is generalisable beyond the constraints of one initial study.
Relatedly, Peder Isager and colleagues (2020) suggests that decisions about what to
replicate should consider the degree of uncertainty about the reliability of the research
findings; the epistemic value attributed to how a research claim is replicated; and the utility
and risks an un-replicated finding presents when the associated claims are disseminated to
contexts with high-impact consequences (such as in engineering design or policy decisions).

Complementing this shift, others are exploring how, in addition to methodological reforms,
Metaresearch approaches can help to challenge the current institutional and cultural
conditions that disincentivise and restrict improvements to scientific practices, including but
not limited to replications. For example, Rink Hoekstra and Simine Vazire (2020) argue that a
key aspect of credibility is exercising intellectual humility — including being transparent
about research limitations and non-defensive in response to the constructive criticism
replication practices can generate. Building on this point, Richard Ramsey (2021) argues that
there are also limitations specific to a given field of research and greater modesty about
these would facilitate more collaborative and cumulative practices (including replications).

As these examples of the evaluative perspective found within Metaresearch demonstrate,
there are many challenges to conducting replications in practice. These challenges draw
attention to the importance of specifying when and how to conduct specific forms of
replications in relation to the resource constraints researchers operate within, and the
broader conditions within which research claims are generated and disseminated. In doing
so, these Metaresearch approaches contribute a range of strategies for identifying and
improving how replication practices are evaluated.

Historical, philosophical, and social studies of replication practices

While sometimes overlapping with Metaresearch contexts, studies of replication practices
within the fields of history, philosophy, and/or the social studies of the sciences (HPS) often
start from a different perspective. Within this context, examinations of specific investigative
practices tend to contribute to broader analytic accounts of the diachronic conditions within
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which bodies of scientific knowledge emerge.® As such, HPS accounts of replication
practices often prioritise the goal of analysing the dynamic processes within which
investigative practices contribute to the generation and dissemination of bodies of scientific
knowledge over long periods of time. Within this context, fewer initiatives are proposed for
improving the conditions for attempting replications or increasing the rate of successful
replications. Instead, HPS approaches tend to focus on investigating the disputed role of
replication practices in generating and disseminating research claims.

This analytic approach has drawn attention to the multiple epistemic functions attributed to
various types of replications. For example, one epistemic function attributed to replication
practices that repeat studies (both as a close copy of the original and by altering key
components) is to increase confidence in the reliability of a research finding by establishing
that the claimed effect is genuine instance of the target phenomena (i.e., an
intersubjectively testable regularity) rather than an isolated coincidence or an artefact of
the study design.'® Another common epistemic function attributed to replication practices is
to increase confidence in the generalisability of a research claim by establishing that the
relevant effects are robust enough to persist in all relevant conditions.

These two epistemic functions have been explicated in philosophical discussions of replication
(Cartwright, 1991; Feest, 2019; Romero, 2019), and are also apparent within historical and
sociological studies of scientific practice (Mulkay & Gilbert, 1986; Steinle, 2016). Of the two
functions, less epistemic value tends to be ascribed to establishing reliability than establishing
robustness and generalisability. This difference in value can be attributed to an entrenched
assumption that procedurally routine scientific practices (such as calibration of instruments
and experimental equipment) are epistemically unimportant (Feest, 2019; Romero, 2020;
Schickore, 2011). These assumptions can be seen in philosophical accounts of replicability
where the routine practices of establishing the reliability of research findings are taken for
granted (Radder, 1992). The relative epistemic unimportance of establishing reliability also
reflects a disinterest in the (presumed) routine practice of checking whether a given set of
numerical/statistical calculations is reliably repeatable (Cartwright, 1991; Collins, 1991).

While routine reliability checks may be of minimal interest, HPS accounts of scientific
practices do include a range of approaches to examining the role of replications in
establishing that the persistence of a reported effect justifies the robustness and
generalisability of the associated research claim. Within this context, replication practices
(of various types) are positioned as part of a collection of similarly important practices. For
example, historical studies have demonstrated that repetition of research findings can play
a minimal role, if any, in establishing the robustness of research claims (Leonelli, 2018;
Steinle, 2016). Relatedly, historical studies of neuroscientific practices detail the
dissemination of un-replicable research claims, demonstrating that establishing replicability
is not always necessary for resolving doubts about research claims (Bogen, 2001).

In this context, while establishing the reliability of a finding is important, it is only one step
(and not always even an essential step) in a collection of practices involved in establishing

18 As within Metaresearch contexts, consensus about the relevant analytic concepts for studying the replication practices
within HPS has been elusive (Schickore, 2011). In addition, despite there being historical and sociological accounts of the
limited role of repeating experiments within the sciences, many philosophers of science took it for granted that
experiments were repeatable, research findings replicable, and research claims reproducible (Radder, 1992).

19 For more on phenomena in terms of their intersubjectively testable regularity, see (Bogen, 2001, p. 493).
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the persistence of a reported effect, and the generalisability of the associated research
claim. For example, Mieke Boon (2012) argues that multiple elements of scientific practice
work together to establish the robustness of a scientific claim. While these practices do
include those that help to establish the reliability of a finding when repeating the initial
experiments (more or less closely), other practices are required to help establish whether
the stability of the phenomena of interest can persist under different research conditions
(Boon, 2012).

These accounts highlight the limitations of specific forms of replications and reflect the
analytic approach within HPS to describing the range of practices that contribute to
generating and disseminating robust scientific knowledge.?° This includes HPS accounts that
highlight that no single characterisation of replicability can account for all the actual
replication practices. For instance, Stephan Guttinger’s (2020) examination of the role of
‘micro-replications’ within the life sciences draws attention to the limits of expecting a one-
size-fits-all conceptualisation of replicability as a universal epistemic norm.

The variability of replication practices documented across different scientific fields also
offers some context for the responses from HPS scholars to recent proposals to re-define
the term ‘replication’, and to prescribe criteria for establishing the validity of research
claims. These responses often acknowledge the value of replications of research findings in
fields where establishing the procedural reliability of reported findings are both possible and
demonstrably valuable. For example, the procedural repeatability of reported findings is
considered a reasonable expectation in those fields with a high degree of control over
research variables (e.g., laboratory experiments), and a reliance on statistical inferences
(such as in null-hypothesis significance testing) (Leonelli, 2018; Schickore, 2011).

However, these approaches also highlight that there is a gap between the expected role of
replications (as a crucial and routine part of all investigative practices) and what actually
happens in the messy social contexts these practices are situated within. For instance,
Sabina Leonelli (2018) notes that there are many different possible criteria for evaluating
whether or not a given replication attempt was successful. In addition, even in scenarios
where there are systematic attempts to replicate research findings, a range of constraints
limit the impact of these on establishing (or revising) a given research claim (Romero, 2016).

Analyses of replication practices in a range of high-control contexts have led some HPS
scholars to resist the expectation that the in-principle replicability of research findings ought
to be able to extend to fields and contexts where these practices are not already found. For
example, Feest (2019) notes the justified anxiety around low replication rates within fields
dominated by hypothesis-testing studies, yet resists the extension of these replication
expectations to all of the sciences (especially exploratory research). Leonelli (2018) also
argues that there is limited epistemic value in expecting the replication of research findings
in irreproducible studies, such as those involving perishable samples carried out in
idiosyncratic environmental conditions. Leonelli (2018) goes on to suggest that the
replicability of research findings is not an appropriate way to establish the credibility of
research claims in research fields with limited control of variables (such as in ecological
observational practices) or those involving hermeneutical practices (such as qualitative

20 For more on how HPS approaches cultivate interest in the ‘mosaic’ formed by the wide range of localised scientific
practices, see (H. Chang, 2011).
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analyses of interview data). Relatedly, Bart Penders et al., (2019, p. 2) proposes that
“replicatory expectations should be contextualised in relation to specific epistemic
communities rather than across the board”. Meanwhile, Felipe Romero (2020) offers an
argument that supports efforts to engage with the social structures of scientific practices in
reforms that address failures to replicate research claims.

These calls for caution regarding efforts to prescribe ‘one right way’ to conduct replications
can be understood within the context of the broader trends within HPS scholarship of
analysing localised investigative practices. For instance, the examples from HPS accounts
offered each contribute to broader analyses of historical, philosophical, and sociological
accounts of scientific practices. Within this context, replications are positioned as just one of
many practices that can contribute to establishing reliability of research findings and/or
robustness of research claims across various scientific fields. Further, this perspective within
HPS scholarship emphasises the value of being explicit about the context-specific
expectations for a given replication. In doing so, this analytic approach contributes to our
understanding of the disputed roles of (various types of) replications in the generation and
dissemination of robust scientific knowledge.

Using the replicability concept as a goal-directed tool

Drawing on the view of the replicability concept as a goal-directed tool for studying
investigative practices, we draw attention to some converging insights emerging from the
evaluative and analytic approaches exemplified within Metaresearch and HPS contexts. To
this end, we draw on the insights from scholarship on concept-use outlined in the earlier
section as well as examples of context-specific uses of the replicability concept described
above. In doing so, we hope to show that there is value in examining the replicability
concept as used to pursue context-specific goals within Metaresearch and HPS respectively.

As detailed earlier, even when the referential component of a scientific concept is disputed
it can be used productively in pursuit of context-specific goals. Similarly, we explored how
the replicability concept is used productively for pursuing context-specific goals despite the
unresolved disagreements about what counts as (any given type of) replication practice.
Building on the sketch of how the replicability concept is used in Metaresearch and HPS
contexts above, we suggest that variable uses of the replicability concept contribute to (at
least) two complementary goals. Focusing on the Metaresearch context, we provided
examples of how the replicability concept can be used for evaluating contemporary
scientific practice in ways that contribute to improvement initiatives. Turning to the HPS
context, we offered examples of how the replicability concept can be used for analysing the
dynamic conditions through which replication practices contribute to a range of diverse
practices involved in generating and disseminating knowledge over time. Reflecting on these
variable goal-directed uses of the replicability concept offers an avenue for exploring some
of the shared challenges and converging insights emerging from these two approaches.

The most obvious challenge shared by both evaluative and analytic approaches to studying
replication practices is that there is a range of inconsistent terminologies and ambiguous
characteristics associated with the replicability concept. Drawing on the insight that
scientific concepts can function productively even when consensus about the referent
remains unresolved, we take the view that this variability need not undermine any of the
uses of the replicability concept for studying scientific practices. Taking this view, and
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treating the replicability concept as a tool, suggests that this challenge can be mitigated by
clarifying how the specific (implied or explicit) characterisation of replication practices being
studied is relevant for the goal of evaluating and/or analysing scientific practices.

Another challenge is that, as with scientific concepts used within investigative practices,
uses of the replicability concept for studying scientific practices can carry-along inferential
associations that go unexamined. These expectations about the relative epistemic value of
various types of replication practices are interconnected yet contribute to different
assumptions depending on the goal-directed uses of the replicability concepts. For instance,
Metaresearch approaches often start from the premise that scientific findings should always
be replicable (at least in principle). Taking the epistemic value of replications as a given,
Metaresearch approaches then focus on evaluating, explaining, and changing those
scientific practices that disincentive replication practices and/or contribute to low rates of
successful replications. In this context, the disagreements about what counts as replications
and the disputes over how to measure if a replication is successful are both hurdles to
overcome in improving how investigative practices contribute to scientific knowledge. In
contrast, within HPS contexts there tends to be analytic focus on examining the epistemic
functions of replications in and of themselves — both as actually practiced within specific
sciences and as a more general expectation about how various sciences should be
practiced.?! However, within both contexts, the variable characterisations of replicability
suggest that replications are expected to contribute to at least two broadly understood
epistemic functions: (i) checking the reliability of a claim by testing that the reported effect
is stable when repeating the original procedures as closely as possible in all relevant
respects;?? (ii) confirming the robustness of a claim — either by testing whether the reported
effect persists when deliberately altering key aspects of the original procedures,?? or by
demonstrating that the claim generalises to similar effects found under different
conditions.?*

Of these functions, the difficulty of establishing the reliability of research findings is often
obscured by the entrenched assumption that published scientific findings can be treated as
reliable in principle. For instance, HPS approaches tend to position the practices involved in
establishing the reliability of research findings as just one of many practices required to
establish the robustness of research claims. By taking this approach, HPS studies of scientific
practices help to highlight how different types of replications contribute to the many
different practices for establishing the reliability and/or robustness of research findings.
Relatedly, a similar assumption underlies the crisis-response to the high-profile
Metaresearch failures to reproduce findings when repeating previously published studies as

21 See Guttinger (2020) for more on the tension between descriptive accounts of replication practices and normative
accounts of replicability expectations.

22 Also see: routine checking practices (Cartwright, 1991; Collins, 1991); exact repeatability (Radder, 1992); procedural
replication (Bogen, 2001); verification tests (Clemens, 2017); direct replications (Altmejd et al., 2019); micro-replications
(Guttinger, 2019); computational reproducibility (Leonelli, 2018; Peng, 2011); internal validity testing (Fraser et al., 2020;
Schmidt, 2009); and reproducibility (Nosek et al., 2021).

23 Also see: replications (Radder, 1992); reproductions (Schickore, 2011); direct replications (Feest, 2019; Fidler & Wilcox,
2018; Schmidt, 2009); re-sampling replications (Machery, 2020); robustness (Nosek et al., 2021).

24 Also see: hypothesis validity tests (Cartwright, 1991); conceptual replications (Fidler & Wilcox, 2018; Schmidt, 2009);
construct validity tests (Fraser et al., 2020); extensions (Machery, 2020; Zwaan et al., 2018); replications (Nosek et al.,
2021; Nosek & Errington, 2020).
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closely as possible. This crisis led to Metaresearch approaches attempting to identify and
resolve the conditions within which such failures occur (maintaining the expectation that
research findings should be reliable in principle even if difficult in practice). In evaluating a
range of constraints that limit replication attempts and/or hinder the success of such
attempts in practice, Metaresearch approaches help to demonstrate that the practices
required to establish the reliability of research findings are not as routine as expected.

More recently, some Metaresearch uses of the replicability concept have shifted interest
towards the potentially more tractable problem of establishing the robustness of
generalisable research claims (e.g., Nosek & Errington, 2020; Yarkoni, 2020). Meanwhile,
HPS uses of the replicability concept have started to consider the epistemic relevance to
replication practices of procedural considerations such as measurement errors and software
maintenance (e.g., Hocquet & Wieber, 2021; Machery, 2020). While these trajectories
overlap, the evaluative Metaresearch and analytic HPS approaches each generate distinct
insights about replication practices. On the one hand, Metaresearch studies highlight the
range of resource constraints and disciplinary conditions that constrain replication practices.
For instance, in evaluating contemporary scientific practices Metaresearch uses of the
replicability concept draw attention to disincentives that constrain attempts to establish
both the reliability of research findings and the robustness of research claims. In response,
Metaresearch approaches have supported a range of initiatives that seek to overcome these
disincentives. As the earlier example of the rapid-version of Registered Reports
implemented for COVID-19 research illustrates, these initiatives are also impacted by
conditions well beyond specific investigative practices. Meanwhile, HPS studies offer a view
of replications as one of the many scientific practices through which research claims can
become established and disseminated. This view is supported by studies that analyse the
diachronic dynamics of scientific practices, to suggest that, even if better incentivised,
replication practices may not necessarily be an appropriate way to assess the findings
generated by all the different investigative practices. Reflecting this, the earlier examples
help to illustrate why proposals for improving the rates of (successful) replications common
within the Metaresearch context are not as common within HPS studies of replication
practices.

While pursuing different goals, the evaluative and analytic uses of the replicability concept
can be drawn together to provide converging insights about when and why establishing the
reliability of a research finding is relevant to demonstrating the robustness of the associated
research claim. For example, the insights emerging from both Metaresearch and HPS
contexts mentioned above converge to support a view that attempts to prescribe a
universal off-the-shelf set of criteria for assessing the reliability of research findings and/or
robustness of research claims inevitably obscure the diverse situated contingencies of actual
scientific practices. This convergence is often overlooked.

This includes Metaresearch accounts of replications that draw attention to the range of
barriers inhibiting attempts to replicate research findings. As detailed above, these barriers
include the logistical difficulties of repeating studies, poorly reported methods and
guestionable practices in published research, disputes over how to evaluate the success of a
replication attempt, and broader institutionalised disincentives for both conducting
replicable research practices and attempting to replicate prior research. Complementing
this consideration, HPS approaches highlight that replications function as one of many
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scientific practices that help establish research claims in ways that contribute to the
generation and dissemination of robust scientific knowledge. This perspective suggests that
it is important to situate expectations of replication practices within relevant epistemic
communities — as demonstrated by the earlier examples of investigative practices, such as
exploratory research and observational field studies, that should not be expected to provide
replications to establish the credibility of research claims (Feest, 2019; Leonelli, 2018;
Penders et al., 2019).

While far from a systematic review, this exploration demonstrates that there is value in
examining the context-specific uses of concepts as goal-directed tools for studying scientific
practice. In the case of the replicability concept, considering two different goals —
exemplified by the evaluative goals within Metaresearch and the analytic goals within HPS
contexts respectively — has helped to highlight distinct yet converging insights. Given the
entrenched assumptions these different uses share, this exploration also hints at additional
lessons we could learn from the scholarship on the uses of concepts as tools within
investigative practices. For instance, the variable uses of the replicability concept suggest
that rather than unify the multiple characterisations of replication practices there is space
for appreciating each in terms of their appropriateness for the goal of evaluating and/or
analysing scientific practices. Similarly, viewing concepts as tools (used for individuating
types of practices for further study) draws attention to the importance of justifying and
documenting how and why a given concept is appropriate for a specific goal within a given
context. For instance, as our exploration of the range of characteristics associated with the
replicability concept suggests, there are often unexamined inferential associations carried
along by ambiguously individuated concepts. One way to raise awareness of these
inferential associations would be to cultivate practices of documenting and justifying how
the concepts used to study replication practices draw on sets of characteristics for
individuating those practices that are appropriate for a context-specific goal. While the
details of cultivating such practices are beyond the present scope, we hope to have
demonstrated that there is value in considering how a given use of the replicability concept
contributes to context-specific analytic and/or evaluative goals.

In conclusion, we drew on literature detailing the uses of concepts within investigative
practice to treat the replicability concept as a tool for studying scientific practices. By taking
this view, we were able to explore the productive uses of two goal-directed uses of the
replicability concept: i) evaluating contemporary investigative practices to inform initiatives
for improving the generation and dissemination of scientific knowledge, and ii) analysing a
range of historical and contemporary investigative practices to contribute to understanding
the long-term dynamics of generating and disseminating scientific knowledge. To compare
how uses of the replicability concept function as a tool for pursuing these two goals, we
drew on examples of primarily evaluative-uses of the replicability concept from
Metaresearch contexts, and primarily analytic-uses of the replicability concept from HPS
contexts. As mentioned earlier, this distinction between Metaresearch and HPS contexts is a
device to highlight the complementary insights emerging within studies of scientific
practices from two context-specific uses of the replicability concept for pursuing different
goals. In offering this exploration of the variable uses of the replicability concept we have
sought to illustrate that there is value in examining the uses of concepts as tools for
studying scientific practices. In the case of the replicability concept, this value includes
highlighting how Metaresearch and HPS contexts provide complementary insights about
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when and how replication practices offer a relevant strategy for assessing a given research
claim.
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