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Summary

The present conceptual review, a component of work task 3.1 of the TIER2 project, examines
the confusion surrounding terms like reproducibility and replication across the vast research
landscape. This review is the foundation for a proposed conceptual framework outlined in
Ulpts and Schneider (2024). In a time when people widely promote notions of
reproducibility, this inclusive framework accommodates epistemic diversity. It focuses on
two key issues: to what extent reproducibility is relevant and feasible across diverse research
contexts.

Our conceptual review, distinct from numerous others, takes a unique stance. Rather than
striving to establish new authoritative definitions or typologies, we contend that such efforts
often remain entrenched, favouring one term over the other and introducing an expanding set
of idiosyncratic qualifiers. Instead, we offer a practical, more straightforward solution to the
terminological confusion applicable to real-world research while acknowledging the intricate
complexities involved.

The conceptual review aims to provide a comprehensive yet condensed analysis of the
confusion in the literature surrounding definitions, uses, and meanings of reproducibility,
replication, and their variants. This analysis is based on existing reviews and a meticulous
sampling of 422 definitions from primary documents across scientific fields. To supplement
the study, we first outline generic linguistic issues with the seemingly related nouns
reproducibility and replication. The main findings of this review are as follows.

First, our analysis of the sampled reviews and definitions suggests that the terminological and
conceptual confusions surrounding reproducibility and replication are more extensive than
previous literature indicates. There is no consensus at the aggregate conceptual level. The
literature within and across disciplines contains considerable confusion regarding the
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definitions of reproducibility, replicability, related terms such as repeatability, and their
derivatives. There is also confusion at the disaggregate level of qualifiers. Qualifiers like
conceptual, direct, exact, partial, and computational do not clarify matters, as no unified
understanding exists. Different terms can mean the same, and the same terms can mean
completely different things.

Second, although reproducibility and replication are used interchangeably as descriptive
terms and implicitly refer to some broader, scholarly concepts, their definitions remain
ambiguous. Despite this lack of clarity, these concepts are deeply rooted in a specific
philosophy of science, aligning with the general but vague methodological notion of the
‘scientific method’ and its common epistemic principles of empiricism, fallibilism, and
objectivity. This is well-known but also important to note because it underlies some of the
challenges encountered when notions of reproducibility and replication are normatively
promoted to be epistemic criteria and norms for all kinds of research.

Third, in their dictionary noun forms, reproduction and replication refer to an act or process
of producing the same thing or something again. Thus, replication and reproduction both
refer to a “redoing”. Ambiguity sets in when we ask what should be redone: the same,
similar, or varied.

Fourth, types of reproducibility or replication are defined either on the aggregate or
disaggregate level by compound terms (e.g., qualifier plus noun). Unfortunately, this only
gives a vague indication of what parts of a study are to be kept the same and similar, what is
to be varied, and what epistemic function should be fulfilled by the practice. Defining types
of reproducibility or replication in this enumerative way is lacking, and the general usefulness
of proposed, seemingly exhaustive, enumerative typologies is limited. They do not have a
unifying potential as the terminology is contested. They also suffer from a generic limitation.
Their top-down approach, where a fixed universe is postulated a priori, is often too simplistic
in its subject characterisation and inflexible, as new compound terms may arise that can be
hard to accommodate into the existing scheme, if at all. We, therefore, argue that a bottom-up
approach is more precise and flexible and thus more suitable for characterising types of
reproducibility or replication.

Fifth, the noun forms of replication and reproducibility in the research literature represent
vaguely defined or tacitly shared ideal types. These ideals or prototypes are embedded in
specific research communities’ values, conditions, and practices. They constitute
combinations of what practices should ideally be achieved and which purposes should be
fulfilled. However, there are inevitably deviations from these ideal types in research practice.
The literature acknowledges these deviations, with some proponents of replication and
reproducibility, for example, admitting that exact or direct replication is impossible to
achieve.

Sixth, our conceptual review identifies two crucial underlying meanings about the verb forms
reproduce and replicate: 1) they both refer to practices involved in redoing and 2) the
epistemic functions intended to be achieved by these practices. Practices are determined by
what parts of a study are to be redone, what should be kept the same or similar and what
should be varied. Such parts are manifold and most likely impossible to enumerate in a fixed
typology. Our review indicates that dominating discourses often narrowly link epistemic
functions of reproducibility or replication to issues such as reliability or validity. However,
our review also suggests that such discourses fail to acknowledge the vast number of
functions identifiable in the literature. Complexity or diversity is set aside, probably because
such taxonomies have normative aims rather than descriptive ones. Consequently, like



practices, epistemic functions of reproducibility or replication are likewise manifold and most
likely impossible to enumerate in a fixed typology.

Seventh, based on these findings, we propose a practical approach to understanding types of
redoing by juxtaposing epistemic functions and practices (parts) while indicating what
essential parts will be varied and what parts will remain the same or similar. Essentially, this
is a two-by-two matrix with open dimensions. This approach can handle the wide variability
in practices and functions, allowing for a specific description of redoing in the concrete case
without relying on ambiguous terminology at aggregate or disaggregate levels.

Eighth, in their adjective forms, replicable and reproducible relate to the feasibility of these
acts or processes. A more encompassing term is the verb enable, which conveys the idea of
making something possible or facilitating an action. Enable also encompasses the strongly
associated aspects of transparency and sharing. Transparency refers to the quality or state of
the reporting, where actions, intentions, or details should be clear, visible, and readily
understood. Sharing refers to making material available to others in a usable way. The
practices can make a specific kind of redoing feasible for others or enable others to trace and
understand the how and why of research practices and claims. Hence, in the case of enable
redoing, the specific form of enabling depends on the specific type of redoing intended.
While enabling more general mutual accountability among researchers, the required form of
enabling depends on what is necessary and sufficient to understand the how and why of the
research practices involved.

We propose a practical solution by 1) substituting the acts associated with replication and
reproducibility (and related terms) with redoing and 2) replicable and reproducible with
enabling. We further acknowledge the intricate complexities in describing these practices
and their diverse epistemic functions. We suggest that practices and functions are mapped for
individual cases while specifying the intended sameness and variation of the key parts. This
is a situated definition of a specific kind of redoing or enabling (see Figure 1). The distinction
between redoing and enabling clarifies what is to be done (the practice) and for what purpose
(the function), facilitating researchers or stakeholders in navigating this conceptually
confused territory.



Introduction

Since claims of an alleged so-called “reproducibility crisis” in the early 2010s, there has been
an increased (re)focus on the practices and roles of replication and reproducibility in research
(see, e.g., OSC, 2015; Romero, 2019). Similarly, following this supposed “crisis”, there have
been reforms with policy changes in line with a replication drive (Bissell, 2013; Cole et al.,
2024; Drummond, 2019; Guttinger, 2020; Penders et al., 2019; Ulpts et al., 2025) motivated
by a conviction of the general importance and necessity of replication and reproducibility as
criteria and practices to ensure the quality and trustworthiness of research (findings) (see e.g.,
Peels and Bouter, 2023). Therefore, part of recent science reform movements is attempting to
increase the credibility of science by not just increasing the number of replication studies and
the reproducibility of research but spreading replication and reproducibility throughout the
research landscape (see, e.g., Peels & Bouter, 2018; Penders et al., 2020; Peterson &
Panofsky, 2023; Ulpts et al., 2025). Considering the heightened (re)focus on reproducibility,
the sheer scale of these calls to increase reproducibility, and the critical role that seems to be
attributed to it as an indicator for the quality of research and proper science (see e.g., Haig,
2022; Penders et al., 2019; Rubin, 2023), one has to ask what these terms mean. Previous
reviews attempting to capture the meanings of reproducibility indicate that recently there is
an immense terminological proliferation and fundamental conceptual confusion surrounding
reproducibility across the research landscape (see, e.g., Barba 2018; Gomez et al., 2014;
Gundersen, 2021; Liberman, 2015; Matarese, 2022). As Renee Borges put it after comparing,
among others, the definitions for reproducibility in a report from the Netherlands Academy of
Science (KNAW, 2018) with the definitions in the US National Academy of Science,
Engineering and Medicine report (2019): “There is therefore confusion in the definition of
the terms themselves, although everyone believes that they know what is being said.”

(Borges, 2022, p. 1).



Most likely prompted by the sense of urgency, concerning issues around
reproducibility, carried by the crisis narrative behind the Open Science and metascience
reform movement (Bartscherer & Reinhart, 2025; Peterson & Panofsky, 2023), in recent
years terms like reproducibility have become quite widespread in the literature throughout the
research landscape. However, these terms originate from some form of experimental
positivist orientation of scientific investigation (Penders et al., 2019; Ulpts & Schneider,
2023). Currently, the various uses and meanings of the terms seem to be determined by how
much the types of reproducibility carry these notions of experimental positivist research,
which are often linked to the notions of ‘the scientific method’ as well as the ‘self-correction’
mechanism of science, and to what degree they are embedded in the specific conditions,
values, and practices of the research communities these terms are used in. Usually, reviews
on this conceptual confusion or suggestions for capturing reproducibility across all kinds of
research and contexts also provide their own definitions and taxonomies. This often adds to
the confusion rather than resolving it. For example, Matarese (2023) attempts a general
definition for replication, while Leonelli (2018) provides definitions for specific forms of
reproducibility, illustrating how the notion of reproducibility relates differently to six

different types of research.

Therefore, in this paper we present a short review of the literature on the meanings
and usages of the terms reproducibility and replication as well as related terms like
repeatability, and reanalysis. To that end we will first investigate how these terms are defined
in general English dictionaries and use the distinction between nouns, verbs, and adjectives as
guidance throughout the rest of the paper. Next, we will review existing reviews on the

reproducibility and replication terminology, with special focus on two of the most prominent



ones, Barba (2018) and Matarese (2022). Afterwards we present our own framework to
distinguish different types of reproducibility and replication independent of the confused
reproducibility and replication terminology. To that end we differentiate between practices of
redoing and enabling as well as the varying epistemic functions ascribed to those practices.

Lastly, we will end with a short outlook and conclusion.

Methods

In an approach similar to Albertoni and colleagues’ (2023) intriguing review on
reproducibility in machine learning, but more extensive regarding how much literature was
considered, we analysed a corpus of literature, starting with some existing reviews about the
different meanings and usages of replication, replicability, reproduction, and reproducibility
(see, e.g., Barba, 2018; Gomez et al., 2014; Gundersen, 2021; Koéhler & Cortina, 2021;
Lieberman, 2015; Matarese, 2022; Plesser, 2018). This broad set of eminent reviews was
used as a seed for a subsequent snowball sampling of primary documents containing
definitions across various scientific fields until a saturation point was reached. Sampling
resulted in 422 definitions from 120 sources in the context of diverse disciplines as well as
approaches over the last 55 years for kinds of replication, replicability, reproducibility,
reproduction, and repeatability, as well as some related terms such as triangulation and
reanalysis (https://osf.io/6exzt) to further, if not understand then at least reveal the immense
conceptual confusion about reproducibility. Saturation means a sufficient pool of definitions
was reached to reveal and analyse the underlying dimensions of these terms. Furthermore, for
practical reasons, we had to stop at some point because there will inevitably be ever-new
definitions for these terms due to the current climate surrounding reproducibility and

replication and the diversity in types of research and research contexts.



Linguistic analysis of reproducibility and replication

Philosopher of science Nancy Cartwright (1991) provides an epistemological
perspective on the meaning(s) of reproducibility and replication in reaction to Harry Collins’
(1991) sociological perspective. Cartwright (1991) claims that terms like replication,
reproduction and repetition denote distinct epistemological concepts, while many other
authors seemingly use these terms interchangeably without any strict conceptual reference or
define them more as sociological terms of practice within a research community (see, e.g.,
Barba, 2018; Collins, 1991). As is well known, neither terminological nor conceptual unity
exists across or within disciplines. Interestingly, similar ambiguities can also be seen in
definitions of these terms in everyday and specialised language dictionaries such as the
Cambridge English Dictionary and Oxford Learner’s Dictionary of Academic English. See

the definitions in Table 1.

Table 1: Reproduction and Replication definitions in the Cambridge English Dictionary and The Oxford

Learner’s Dictionary of Academic English



Cambridge English Dictionary

The Oxford’s Learner’s

Dictionary of Academic English

Term

Definition

Definition

To reproduce [verb]

To produce a copy of something or

to be copied in a production

process.

To produce a copy of something or

to show or do something again.

To produce something again.

To make a copy of a picture, piece

of text, etc.

Reproducible [adjective]

Able to be shown, done, or made

again.

That can be produced again; that

can be copied.

Reproduction [noun]

A copy of something, especially a

painting, or the process of copying
something such as a book,

document, or photograph.

The act or process of producing
something again or of making
something happen again in the
same way;

the act or process of producing

copies of something

Replicate [verb]

To make or do something again in

exactly the same way.

To produce the same thing again

Replicable [adjective]

that can be done in exactly the same
way as before or produced again to

be exactly the same as before:

That can be copied exactly

Replication [noun]

The act of making or doing
something again in exactly the

same way, or something that is

made or done in this way

The act or process of producing the

same thing again

In the case above, a noun represents entities or ideas, the act or process of producing

something or the same again. Interestingly, all the nouns describe the acts described in their
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verb counterparts. However, the Cambridge English Dictionary also includes the outcomes of
those actions as parts of the definitions of the nouns. For instance, reproduction is also
defined as a copy of something instead of just the act of copying and replication is also
defined as something that is made or done again. Curiously, the noun forms reproducibility

and replicability of the adjectives are not represented in either of the dictionaries.

A verb expresses an action, something that is done. In the case above, to reproduce
means to produce something again or to produce or copy something. In the case of replicate,
it means making, doing, or producing something again in (exactly) the same way. The
adjective form reproducible is captured in both dictionaries as the ability that something can
be done and made again or copied; for replicable, both dictionaries also add that it has to be
exactly the same. Furthermore, the Cambridge Dictionary also includes the aspect of showing

something as part of being reproducible.

As can be seen with the dictionary definitions, the challenge with terms like reproduce

and replicate is that their meanings are barely distinguishable outside the research context.

Reviewing reviews

Numerous scholars have already tried to capture the meanings and confusions around the
replication and reproducibility terminology across disciplines and over time (see, e.g., Barba,
2018; Gomez et al., 2014; Gundersen, 2021; Kohler & Cortina, 2021; Lieberman, 2015;
Matarese, 2022; Plesser, 2018). Hence, there are already some reviews of the reproducibility
terminology, with some trying to find the origin of the confusion and map a typology onto
disciplines like Barba (2018), and others like Gundersen (2021), Kohler and Cortina (2021),
and Matarese (2022, 2023) coming up with their own definitions after reviewing the

literature. For brevity reasons here we mainly focus on the reviews from Barba (2018) and



Matarese (2022). In the reviews, some speak of the Claerbout/Donoho/Peng convention
(Claerbout & Karrenbach, 1992; Donoho et al., 2009; Peng et al., 2006; Peng, 2011)
originating from computational sciences as one of the most widely used terminologies:
“‘replicability’ applies to a study whose conclusions have been confirmed by another study
using different data and different analyses, while ‘reproducibility’ applies to those studies
that once duplicated in their every single aspect, obtain the same result” (Matarese, 2022, p.

653). Matarese (2022) distinguishes between three main taxonomies:

1) methods, result, and inferential reproducibility (MRIR) from Goodman et al. (2016),
2) exact, direct, and conceptual replicability (EDCR: eminent in some social sciences,
especially psychology), and

3) repeatability, replicability, and reproducibility (RRR).

Matarese (2022) states that all of these definitions, besides methods reproducibility, imply
some replication test, while methods reproducibility is about providing conditions that enable
replication tests. Replication test here means the actual conduct of a study (e.g., analysis,
investigation, experiment) again according to some degree of sameness or variation regarding
specific parts relevant to the kind of evaluation or assessment intended compared to an
original study. (Matarese, 2022). Matarese (2022) further classifies these different concepts
according to how they relate to the variation and sameness of the parts of a study. According
to Matarese (2022), exact replicability and repeatability keep everything invariant to obtain
the same result; result reproducibility, direct replicability and replicability change irrelevant
parts but keep relevant one’s invariant to obtain the same result, while inferential
reproducibility, conceptual replicability and reproducibility vary methodological aspects but

obtain the same conclusion or inference.
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Lastly, in her functional approach, she classifies them according to their epistemic
function. Epistemic functions are “the roles they play in checking the scientific qualities of an
experiment or study. Why is each kind of replicability important? What kind of scientific
standard does it certify?” (Matarese, 2022, pp. 5660-5661). Accordingly, replications that
keep everything the same address reliability and random errors without sampling errors;
replications that vary irrelevant aspects address reliability and sampling errors; and finally,

replications that change methodological aspects address validity and systematic errors.

In contrast, based on a sample of publications in different fields, Barba (2018) classifies

the confused uses of the terms reproduce and replicate according to a decision tree:

A) authors make no distinction between the terms and demonstrate an ignorant or
careless use where differences in meaning or understanding are not acknowledged,

B) authors use them distinctly. However, this group is further divided into two
subgroups, B1 and B2. Barba (2018) argues that on a “spectrum that starts at a
minimum standard of same data + same methods = same results” going to “new data
and/or new methods in an independent study = same findings”, group B1 calls the
former “reproduce” and the latter “replicate”, while group B2 calls them in order

“replicate” and “reproduce” (p.6).

Although a common understanding seems to be assumed, the use of the terms is swapped
between the groups, contributing further to the terminological confusion. Barba (2018) then
categorises different disciplines’ uses of the terminology according to the three groups. For
example, the use in political science and economics is categorised as A, microbiology,

immunology (FASEB), and computer science (ACM) as B2. However, according to Barba
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(2018), the reproduce-replicate terminology in B1 is most widely used and seemingly
dominant in signal processing, scientific computing, econometry, epidemiology, clinical
studies, internal medicine, neurophysiology, computational biology, biomedical research, and
statistics. Hence, according to Barba (2018), B1 (the Claerbout/Donoho/Peng convention) is
the most widely used, and the other disciplines should also adopt B1 while the confusion and
deviations from it can, according to her, be traced back to Drummond (2009). Interestingly,
just looking at these two reviews, we find a crucial contradiction in the meanings of the term
reproduce or reproducibility. Matarese (2022) describes reproducibility as similar to result
and inferential reproducibility with irrelevant aspects and relevant procedures and outcomes
not being held constant, which is in apparent contradiction to Barba’s (2018) most widely
identified usage of B1 (Claerbout/Donoho/Peng convention). Interestingly, Matarese openly
acknowledges this contradiction (confusion) and states: “This means that every time we find
the terms ‘replicability” and ‘reproducibility’ in a paper, it is always important to check how

the terms are used.” (Matarese, 2022, p. 653).

Reviewing meanings over disciplines and time

As a preamble, it is essential to remember that these conversations about types of
replication and reproducibility often stem from an experimental positivist context or are
formulated in reference to some form of experimentation. After looking at the existing
reviews, we explored the 422 definitions that resulted from the snowball sampling with the
existing reviews as the starting seed. Box 1 below provides an example of conceptual
confusion, in this case, the one surrounding the compound term computational

reproducibility.
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Box 1. Case of confusion surrounding computational reproducibility

With the example of computational reproducibility, we can find extensive conceptual confusion. AINoamani and Borghi (2018)
define it:
“computational reproducibility generally refers to the description and sharing of software tools and data in such a manner as to

enable their use and evaluation by others (Stodden, Guo & Ma, 2013).”

This could be seen as the computational version of the first half of Goodman et al.’s. (2016) definition of methods
reproducibility:

“Methods reproducibility refers to the provision of enough detail about study procedures and data so the same procedures could,
in theory or in actuality, be exactly repeated. Operationally, this can mean different things in different sciences. Methods
reproducibility is meant to capture the original meaning of reproducibility, that is, the ability to implement, as exactly as possible,

the experimental and computational procedures, with the same data and tools, to obtain the same results.”

Methods reproducibility even includes confusion within its definition. As one can see, even within the short definition of methods
reproducibility in the beginning, no redoing is required. At the same time, in the second part, where the intention behind its
formulation is outlined, it is included. Methods reproducibility (at least according to the first half of the definition) and AINoamani
and Borghi’s (2018) computational reproducibility are also very similar to what Romero (2017) calls hypothetical replicability,
Nosek et al. (2022) process reproducibility and Biithe and Jacobs (2015) call replication-in-thought, while others again
sometimes just call it transparency (Pratt et al., 2020). Shapin (1984) called this virtual witnessing and defined it as

“the technology of virtual witnessing involves the production in a reader’s mind of such an image of an experimental scene as

obviates the necessity for either its direct witness or its replication.” (Shapin, 1984, p. 491).

Interestingly, the definition from AlNoamani & Borghi (2018) and the similar ones listed above do not imply redoing to conduct
what Matarese (2022) calls a replication test but are focused on potentially enabling redoing or understanding and traceability of
research practices in some form. However, Kitzes (2017) definition, which, for instance, Leonelli (2018) uses in her six-part
typology, does include actual redoing to conduct a replication test:

“A research project is computationally reproducible if a second investigator [ ...] can recreate the final reported results of the
project, including key quantitative findings, tables, and figures, given only a set of files and written instructions” (Kitzes, 2017, p.

12).”

This also aligns with what Hardwicke and colleagues (2021) call analytic reproducibility. Hence, even for computational
reproducibility, we have the same term that refers to different things (including or excluding actual redoing/ a replication test) and

different terms that refer to the same thing.

Based on these definitions we identified two crucial components of the meanings of

the reproducibility and replication terminology. On the one hand, there are the practices

involved, and on the other hand, there are the epistemic functions intended to be achieved by

these practices. In line with the linguistic analysis, for the different practices we distinguish
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between nouns, verbs and adjectives of replication and reproducibility and locate the
distinction between practices of enabling and redoing within this linguistic typology of
replication and reproducibility. Lastly, we present the multitude of possible epistemic

functions of these various practices.

The Ideals of Replication and Reproducibility

Looking at the literature, the noun forms of replication and reproducibility describe
ideals or prototypes instead of actual practices in everyday research. This is in accordance
with Collins’ and others’ claims that the rule of replicability does not provide rules for its
application (Chen, 1994; Collins, 1991). These ideals appear to be quite vague or tacitly
shared types of replication and reproducibility that are largely dependent on the
circumstances of the research provided by the values, conditions, and practices of the specific
research communities they are used in (see e.g., Chen, 1994). These usually unattainable
prototypes are combinations of certain practices that should ideally be implemented and the
functions that these practices should fulfil. However, research reality and the literature
indicate that in actual research practice, when replication or reproducibility are implemented
into reality, there are inevitably deviations from these ideal types of reproducibility and
replication in some way or another (see Chen, 1994). These deviations can, for instance, be
related to the nature of the subject of investigation, forms of uncertainty and limited
availability of resources like funding and time (Guttinger, 2020; Penders et al. 2019; Peterson
& Panofsky, 2021; Schickore & Hangel, 2019). Furthermore, admissions concerning these
deviations can be found in the literature, for instance, when even promoters of replication or
reproducibility in the current Open Science reform movement state that exact replication is

impossible in the reality of research (see, e.g., Nosek & Errington, 2017, 2020).
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The practices of redoing and enabling

To distinguish different reproducibility and replication practices, the first question to
ask is whether the practices involve an actual redoing of a previous study or specific parts of
it or whether it is about enabling others to trace and understand what was done and why so
that research is generally intersubjectively accountable by sharing material and providing
enough detail and information (Matarese, 2022; Peels & Bouter, 2018). Here, we distinguish
between verbs like to replicate or reproduce and adjectives like being reproducible or
replicable. To circumvent the conceptual confusion about replication and reproducibility and
not use the terms we are trying to capture themselves, we refer here to redoing and enabling.
Our use of the term redoing was inspired by Schickore’s (2011) “re-doing” in her historical
analysis of experimental redoing. The decoupling of enabling from redoing was inspired,
among others, by Pratt et al. (2020), who proposed decoupling of transparency from
replication in qualitative research, and Matarese’s use of the term enable when describing
Goodman et al.’s (2016) methods reproducibility. The verbs to replicate and to reproduce
refer to actual acts of redoing something. The success or failure of redoing is often evaluated
based on some degree of sameness or variation of outcomes in comparison to a previous
study. The outcome depends on what is being redone, the focus of evaluation, and the
intended epistemic function. Although the definitions of replication or reproducibility are
often formulated as successful replications (Matarese, 2022, 2023), there is considerable
controversy in the literature regarding what actually counts as a successful replication (see,
e.g., Nosek et al., 2022; Plant & Hanisch, 2020). Another distinction often mentioned is
between factors that might vary and are relevant or irrelevant to a specific finding or
understanding (Atmanspacher et al., 2014; Matarese, 2022; Nosek & Errington, 2020).
Hence, here, the role of understanding, background knowledge, and theory determines what

counts as a successful redoing and which features are necessary for such redoing (also see
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Norton, 2015). Actual redoing is or should be done for a specific purpose; for that purpose,
specific parts or the whole of a study are redone with certain degrees of variation or
similarity. Because of the sheer number and diversity of definitions, practices and areas of
application for reproducibility and replication, every list of addressed parts will inevitably be
incomplete. Consequently, one can characterise types of replicating and reproducing that
involve redoing parts or whole studies similarly, the same or with variation by identifying

such parts and indicating what is supposed to be the same, similar or vary (see Table 2).

Table 2 Practices: Examples of redoing parts of original studies in the same, similar, or varied way.

Same | Similar | Varied (not
addressed or
intentionally

changed)

Researchers

Theory

Hypotheses

Methods

Software

Data

Instruments

Operationalisations

Ancillary assumptions

Analysis

Samples

Environments

Results

Inferences

16



Hence, if it is unclear what practices are involved, then redoing must be qualified by
what parts of a study are to be kept the same, similar or vary. Albertoni et al. (2023)
distinguish between two components: the team and parts of the workflow of a study.
Workflow is what we call parts of a study, i.e. the practices, and we see the team as one such

part of a study (also see Gundersen 2021).

The other type of practice often referred to in the reproducibility and replicability
terminology is what we call enabling. Enabling practices are captured by the adjective forms
of something being reproducible or replicable. The adjectives replicable and reproducible
describe an ability, and the practice that allows for that ability is the specific enabling practice
(see Peels and Bouters, 2018, for a definition of replication and replicability as a between
replication studies and the ability to be replicated). Enabling is the provision of conditions

that allow for “Nachpriifbarkeit”.

The general principle underlying enabling practices is what in German is called
“Nachpriifbarkeit”. Similar to the issues with translating the German “Wissenschaft” into the
English “science”, there are problems with direct translations into English. “Nachpriifbarkeit”
is often translated into “verifiability”. However, like with the related German
“Nachvollziehbarkeit” that does not really capture the meaning. It rather refers to an intricate
combination of being able to trace what was done in a study and understand how as well as
why. Hence, while “Nachpriifbarkeit” is a precondition for intersubjective accountability of
research, reproducibility and replicability are just one possible instantiation of the more
general “Nachpriifbarkeit”, but sometimes other practices are more relevant and feasible, or
reproducibility and replication are simply redundant, considering that other practices already

achieve it independent of reproducibility or replication (Ulpts & Schneider, 2023).
17



Enabling also encompasses practices that are often associated with the terms
transparency and sharing. Transparency here is about the reporting and presentation of the
research in a way that makes practices, details, and motives readily visible and
understandable to readers. Sharing is concerned with making available parts of the research,
like the data and material, in a usable way. This distinction between transparency and sharing
is somewhat similar to Haven and colleagues’ (2022) distinction between open science and
transparency. On the one hand, the practice of enabling can make redoing a whole or specific
combination of parts of a study feasible for others. On the other hand, these practices can
enable others to trace and understand the how and why of the research practices. Hence, in
the case of enabling redoing, the specific practices of enabling depend on the specific
combination of study parts that are supposed to be redone the same, similarly, or with a
variation. While enabling more general mutual (intersubjective) accountability
(“Nachpriifbarkeit”), the required form of enabling depends on what is necessary and
sufficient to trace and understand the how and why of the research practices and research

decisions involved.

Epistemic Functions: The Why of Reproducibility and Replication

When claims are being made about replication or reproducibility being a crucial part of
“the scientific method” or fundamental to “the nature of science” or a “cornerstone of
science” (see, e.g., Gundersen, 2021; Haig, 2022; Jasny et al., 2011; Nosek et al., 2012;
Simons, 2014)!, one has to acknowledge that behind these terms, hides a plethora of different
practices and ask what the functions of the various practices actually are (i.e. what we call

epistemic functions, Albertoni et al., 2023 calls reason). The intended functions of replication

! Mark Rubin (2023), in his critical metascience piece on questionable metascience practices, he provides
further references for these kinds of statements about the role of replication in science.
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and reproducibility are linked to and often even depend on the specific underlying
epistemology of the research. The epistemic function is the specific utility that the practice in
question has for the research at hand and the researcher (Gléser, 2024). Matarese (2022),
states that the epistemic function tells us why replication or reproducibility should be
important based on the specific “roles” the practices “play in checking the scientific
qualities” of a study and which specific “standards” they “certify” (pp. 5660-5661).
Furthermore, one might be tempted to categorise or build a reproducibility and replication
typology based on epistemic functions like, for example, Matarese’s (2022) or Schmidt’s
(2009) functional approaches. However, our review indicates that the confusion about the
epistemic functions is as immense as the confusion about the meanings uses concerning the
practices these terms refer to. Just as a glimpse into this confusion, here is a non-extensive list
of functions for the various types of reproducibility and replication we identified in the

literature:

e Enable replication (redoing) identify findings likely to be wrong, determine effect
sizes, detect, rule out and understand bias, increase certainty, assess and establish the
integrity of scientific knowledge or science, empirically justify or qualify results, test
theory, ensure reproducibility, generalizability, robustness, reliability, falsification,
confirmation, verification, corroboration, various kinds of validity, check scientific
merit, demonstrate flexibility in methods and variability, trustworthiness or increase
trust, rigour, credibility, estimate, ruling out or reducing errors of various kinds,
theory development and refinement, improve understanding or knowledge, learning or
training, confidence in findings, understanding or conclusions, likelihood of findings
being true/ facts (getting closer to “the” truth), prevent waste, calibration, traceability
or transparency, knowledge accumulation, fraud detection or elimination, identify and

reduce questionable research practices , establish stability/ consistency, objectivity,
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establish existence, improve sensitivity of analysis or measurement, improve design/
methodology, accuracy, alleviate different kinds of underdetermination, reveal

uncertainties, scientific progress, and precision.

The literature also indicates that epistemic functions are not directly linked to the actual
practices of redoing and enabling but are part of the ideals of replication and reproducibility.
Due to inevitable deviations, these ideals are only approximated in practice. Figure 1 shows
two examples of mapping practices of redoing onto intended epistemic functions. The first
combination of practices is an attempt by independent researchers to redo parts of a study as
close as possible to the original; the purpose of such a redoing is often to illustrate or test
reliability, a typical epistemic function for research with a positivist underpinning. In
psychology, for instance, this is often referred to as direct or exact replication. The execution
by an independent research team also qualifies this redoing as policing replication (Ankel-
Peters et al., 2023). The other case below is an independent researcher’s attempt at
generalising findings by redoing the parts of an original study as close as possible to the
original but changing the sample and environment compared to the original study. Again, the

function is linked to notions of positivism.

Figure 1. Possible mapping of functions onto practices of redoing.
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Then, there are ongoing discussions and disagreements about which epistemic
functions are achievable or even appropriate with which practices. For instance, there is no
agreement about what must be redone to achieve a specific epistemic function, nor is there
consensus about what enabling practices serve which function. Hence, it is important to
stipulate that there is no agreement about what combination of variation and similarity of
which parts are necessary and/ or sufficient for a specific epistemic function, such as types of
reliability, validity, or generalizability. Therefore, the many identified functions further

complicate the conceptual confusion of reproducibility and replication.

Notably, most, if not all, of these suggested functions of replication and reproducibility
are not unique to replication or reproducibility. Hence, in actual research, researchers will
often have to choose whether to use practices of replication and reproducibility or to use
other practices aiming to fulfil similar or the same epistemic functions. As indicated earlier,
there are practices under different names, like triangulation or multiple determination, that

fulfil similar or even the same functions as certain types of reproducibility and replication.
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Given the sheer diversity and number of functions, meanings, disagreements, and
typologies, it might be possible and appropriate to provide a reproducibility or replication
typology for a specific kind of research under pre-specified conditions. However, it seems
unfeasible if the aim is to construct a general typology for all kinds of research and situations.
The literature indicates that the epistemic functions linked to replication and reproducibility
are not directly linked to actual practices of redoing and enabling, but are instead part of the
ideals of replication and reproducibility. Therefore, due to inevitable deviations from these

ideals, in practice the stated epistemic functions are only approximated.

Synthesis: From ideal practices and functions to research reality

After scrutinising the varied components of reproducibility and replication practices
and their intended epistemic functions, we will now briefly summarise and bring it all
together. The nouns replication, replicability, reproduction and reproducibility are ideal forms
of redoing and enabling with idealised epistemic functions rooted in basic epistemologies.
When these abstract ideals are translated into reality, something is either, on the one hand,
replicated or reproduced and, on the other hand, made replicable or reproducible. Hence, in
actual research, these are practices of redoing and enabling. Redoing is about specific
practices that prescribe a specific combination of parts of a study that are supposed to be
redone the same, similarly or with variation. Enabling practices, such as detailed reporting
and sharing specific parts of a study, are about making it possible for someone to redo

something or trace and understand what was done and why.

Our review further indicates that the epistemic functions are attached to the ideal
types of replication and reproducibility. No direct link exists between the practices of

replicating or reproducing something in the form of redoing. Because actual practices of
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redoing and enabling always deviate more or less from the ideals during actual research
conduct, the indented functions captured by the abstract ideals are usually approximated in
practice but not fulfilled in a definite way. See Figure 2 for a synthesis of our categorisation

of essential aspects of reproducibility and replication.
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Nouns: The Ideal
reproducibility, replication,
replicability, & reproduction

Epistemic Functions
reliability, validity, generalizability,
accountability, ...

Figure 2. From the Ideals of Replication and Reproducibility with their epistemic functions to the

research reality of enabling and redoing practices approximating these functions.

Research Reality

Adjective
reproducible & replicable

Enabling

making a specific kind of redoing
feasible or possible for others or
enable others to trace and understand
the how and why of research
practices. Hence, in case of enabling
redoing, enabling depends on the
specific type of redoing. While for
enabling more general intersubjective
accountability, enabling is the
provision of enough information that
others can trace the how and why of
the research practices.

Verb
reproduce & replicate

Redoing
forms of redoing depends on what are
the specific practices involved and
the epistemic purpose for redoing
Practices are determined by what
parts are to be redone and what
should be kept the “same”, “similar”,
and what ca “vary”. Our review
indicates that there is a vast diversity

of different purposes for redoing.
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Approximation to the intended epistemic functions
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Conclusion

Our review is, as is any, inevitably incomplete and purpose-driven. However, it
indicates that the conceptual confusion surrounding reproducibility and replication is more
severe than the previous literature indicates. There is conceptual confusion in multiple ways.
There are diverse and contradicting meanings and uses of these terms. More precisely, we
found the same term with multiple meanings referring to diverse combinations of practices
and epistemic functions and multiple different terms with the same meanings across and
within disciplines and approaches over the last 55 years. There is conceptual confusion in
multiple ways. There are higher-level distinctions, with considerable variations in meanings
and implications, between replicability, reproducibility, replication, reproduction, and
repeatability (see e.g., Barba, 2018; Plesser, 2018), but there are also confusions at lower
levels between different kinds of replication and reproducibility that are supposed to be
distinguished by qualifiers like exact, conceptual, direct, computational, and operational,
leading to compound terms such as computational reproducibility, inferential reproducibility,
direct and conceptual or exact and inexact replication, and so forth. Worsening this confusion
is the circumstance that ever-new terms and definitions are introduced in the literature (e.g.,
Matarese, 2023, for a recent attempt at a general definition of replication). One of the reasons
why new definitions continue to emerge in the context of a prevailing replication drive and
why there is redundancy and overlap in terms (Albtertoni et al., 2023), is that diverse kinds of
research and research situations relate quite differently to different types of reproducibility
and replication (see, e.g., Leonelli, 2018; Penders et al., 2019; Ulpts & Schneider, 2023).
Likewise, recently, numerous scholars have attempted to provide definitions of
reproducibility or replication that are appropriate for the nature of their research in which
replication or reproducibility is traditionally often alien concepts (see, for example, Huijnen

et al., 2022; Schoch, 2023; Talkad Sukumar & Metoyer, 2019).
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Moreover, some philosophers of science continue to suggest clarifications about what the
concepts of replication mean (see, e.g., Fletcher, 2021; Hudson, 2023). More positively, one
might also argue that each community or, in a more extreme case, each researcher has their
own understanding of these terms according to their own local, epistemological, ontological,
disciplinary, methodological, theoretical, and institutional context. Furthermore, one
comprehensive general typology or definition might not just be inappropriate but maybe even
impossible, considering the diversity of functions, contexts, methods, subjects of
investigation, epistemologies, ontologies, disciplinary standards, practices and much more
across the research landscape (Guttinger, 2020; Leonelli, 2018; Penders et al., 2019; Ulpts &
Schneider, 2023). Moreover, any new terminology or typology might be short-lived and
inevitably controversial and contestable (see, e.g., Penders et al., 2019). Therefore, any new
typology based on the replication or reproducibility terminology might, instead of being
helpful, exacerbate the confusion and make the situation even less practical. As Borges
(2022) states, despite the conceptual confusion, everyone seems to assume to know what

reproducibility means.

Due to the multiplicity in practices, functions and meanings and the prevailing conceptual
confusion in some research communities, without stating or knowing what replication or
reproducibility means, it is practically meaningless and potentially misleading to argue for
their widespread relevance, importance or even necessity. As a constructive solution, we
propose to use two generic terms, redoing and enabling, to indicate the fundamental practices
underlying the reproducibility and replication terminology, thereby escaping the confused
terminology. By using our distinction between enabling and redoing in addition to the

associated functions, this boils down to detailing:

e What is to be done - what are the practices?
e And for what purpose - what is the epistemic function?
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Researchers and other stakeholders will thus be able to navigate this conceptually
confused territory. Unfortunately, the literature does not suggest any agreement about what
practices of redoing or enabling precisely fulfil which function. By allowing researchers to
navigate through the conceptual confusion in the literature, our distinctions between practices
and epistemic functions as well as between practices of redoing and enabling might provide
an opportunity to more accurately assess and compare the rates of replication by ensuring that
usages of terms and associated operationalizations of replication and reproducibility are
actually comparable (Bak-Coleman & Devezer, 2023) as well as to more precisely assess the
appropriateness of different types of replication and reproducibility for different kinds of
research in various research contexts (Guttinger, 2020; Leonelli, 2018; Penders et al., 2019,

2020; Ulpts & Schneider, 2023).
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