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ABSTRACT KEYWORDS

This paper explores various relations that exist between repli- Replication; trustworthiness;
cation and trustworthiness. After defining “trust”, “trustworthi- trust; replicability;

ness”, “replicability”, “replication study”, and “successful ~reproducibility

replication”, we consider, respectively, how trustworthiness
relates to each of the three main kinds of replication: repro-
ductions, direct replications, and conceptual replications.
Subsequently, we explore how trustworthiness relates to the
intentionality of a replication. After that, we discuss whether
the trustworthiness of research findings depends merely on
evidential considerations or also on what is at stake. We con-
clude by adding replication to the other issues that should be
considered in assessing the trustworthiness of research find-
ings: (1) the likelihood of the findings before the primary study
was done (that is, the prior probability of the findings), (2) the
study size and the methodological quality of the primary study,
(3) the number of replications that were performed and the
quality and consistency of their aggregated findings, and (4)
what is at stake.

1. Introduction

Some have dubbed the replication crisis a “trust crisis” (Hendriks, Kienhues,
and Bromme 2020). It seems indeed plausible that successful replication can
increase the trustworthiness of the findings of the study that was replicated
(Bouter and Ter Riet, 2021). However, this claim, though intuitively plausi-
ble, raises many questions. What is object of trust: the findings of the
primary study, the quality of the primary study protocol, the combined
findings of the primary study and its replication, only the main findings or
all findings reported, or yet something else? Is replication required for
trustworthiness? Does a study’s being replicable without the actual attempt
having been made already make it more trustworthy? Does a successful
replication always increase trustworthiness? Does a failure to replicate always
come with a decrease in trustworthiness? Should a replication be intentional
in order to increase trustworthiness? How often should a study be
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successfully replicated to confidently be able to trust its findings? Is the
trustworthiness of research findings also dependent on what is at stake
when they are put into practice? This paper will try to answer these questions
by exploring the relation between trustworthiness and replication.

2. Trustworthiness, replicability, and replication

The notion of trust has recently received much conceptual attention in ethics,
epistemology, and social epistemology (O’Neill 2002; Faulkner and Simpson,
2017; McLeod 2015). A widely adopted view is that one trusts that some
proposition p is true if and only if (i) one takes the truth of p for granted in
one’s practical and theoretical reasoning, and (ii) one has some sort of
positive attitude toward p. Thus, trust in study findings would be something
like: taking it for granted that they are reliably produced, based on solid
methods and sound data, well founded on what we already know, and so on.

Let us now turn to trustworthiness, that is, something’s being worthy of
trust. The notion of trustworthiness has a normative dimension: it implies
that it is proper, justified or rational to trust the study findings in question. If
one trusts the findings of a study, but merely because it was performed by
someone who has such a high status in the field that no one dares to question
her work, the study and its findings are trusted but not necessarily trust-
worthy. Findings of a study are trustworthy if there is good reason to think
that they are true or at least sufficiently close to the truth and that they are
based on sufficient high-quality evidence. For those who, in the wake of Karl
Popper, hesitate to use the concept of truth for research findings, we can say
that findings are trustworthy if they have been subjected to thorough testing
and have not yet been falsified. It is, of course, a matter of debate exactly
when there is good reason to think that a study’s findings are trustworthy and
we will not try to settle that debate here. Our point is merely that we should
not confuse trust in research findings with the trustworthiness of these
findings.

Trustworthiness is always trustworthiness for someone. Obviously, findings
may be trustworthy to some, but not to others. We have in mind trustworthi-
ness for the academic community rather than for the non-expert public or for
policy makers. The non-expert public will often not have the relevant back-
ground knowledge to assess research findings and policy makers have to
consider numerous practical and tactical considerations that go far beyond
epistemic ones. We take it, therefore, that findings are trustworthy if the
relevant academic community can properly trust these findings.

It is also important to be explicit on how we use “replicability”, “replica-
tion”, and “successful replication”, as these words are understood quite
differently in different academic fields and have gone through many changes
in meaning and interpretation over time (Vachon et al. 2020). For our
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exploration of the relation between replication and trustworthiness we
selected a taxonomy of three types of replication that was also used by others
(Bouter and Ter Riet 2021; KNAW: Royal Dutch Academy of Arts and
Sciences 2018), where we take “research protocol” to refer to the combination
of a study protocol and a data-analysis plan:

(1) Replication with existing data and the same research protocol: re-
analysis of the data from the primary study with the primary research
question. This we refer to as a “reproduction”. It can be argued that
a publication should first be checked for numerical inconsistencies in
the data and in the statistical parameters. Then a re-analysis of the
existing data with the same data-analysis plan comes in view, poten-
tially followed by analyses of the existing data with one or more
alternative data-analyses plans. When these tests are passed satisfacto-
rily it can be concluded that the findings of the primary study are
robust (Nuijten 2021)."

(2) Replication with a new data collection and with the same research
protocol as the primary study. This we refer to as a “direct replication”.

(3) Replication with new data and with a somewhat different research
protocol aimed at answering the same research question. This we
refer to as a “conceptual replication”.

Of course, this threefold distinction is somewhat arbitrary — for a slightly
different way to carve things up, see, for instance, NAS 2019. One of us has
defended this three-fold distinction in more detail elsewhere (Bouter and Ter
Riet, 2021), so we will not repeat the argument here.” It suffices to say that
many different distinctions can be made with regard to kinds of replication
and that it is perhaps best just to be as explicit as possible on how one
understands each of these notions.

We should also note that only a successful replication increases the
trustworthiness of the findings of the primary study. In order to keep this
in mind, let us distinguish between replicability and successful replication:

Replicability means a study’s having certain features such that a replication study of
it could be carried out.

A Successful Replication implies that a replication has successfully been carried
out, producing findings that agree sufficiently with the primary study.

What is the object of trust when one says that replication enlarges a study’s
trustworthiness? We suggest that it is the main findings of the primary study
rather than the primary study as a whole or its research protocol.’ By
“findings” we mean the combination of the data or results obtained and
the conclusions that are drawn from them. A direct replication can help to
rule out chance findings (due to random error)* while conceptual
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replications can additionally detect biases (due to systematic error). While we
focus on replication of findings it can be argued that at least in some
disciplines the issue might be more one of a “theory crisis” than
a “replication crisis” (Oberauer and Lewandowsky 2019). If that is indeed
the case priority should be given to the formulation of strong theories and
sharp hypotheses for which perhaps conceptual replication studies could be
instrumental. Additionally, strong theories may point the way to findings
that are unlikely to occur and thus avoid be led by highly improbable
assumptions (Ulrich and Miller 2020).

When are findings successfully replicated? There is no straightforward
answer to this question (as also pointed out by Nosek and Errington 2017,
2020), for at least four reasons. First, it is often not a dichotomous matter
whether a replication is successful or not. Successful replication does not
require that the replication study obtains the exact same findings. Rather, it
is a matter of obtaining a finding that points in the same direction and has
an effect size and precision that are similar enough (Bouter and Ter Riet
2021). Because the rules for what is “similar enough” can vary, they need
to be specified when the conclusion is drawn that the replication was
successful. As Brian Nosek and Timothy Errington rightly point out,
asking such questions as the following will be helpful in determining
whether findings are similar enough: “Does the replication produce
a statistically significant effect in the same direction as the original? Is
the effect size in the replication similar to the effect size in the original?
Does the original effect size fall within the confidence or prediction inter-
val of the replication (and vice versa)? Does a meta-analytic combination
of results from the original experiment and the replication yield
a statistically significant effect? And do the results of the original experi-
ment and the replication appear to be consistent?” (Nosek and Errington
2017, 3) Second, most studies report multiple findings that may differ in
similarity in a replication. Third, one will have to choose what to take into
consideration in comparing various findings. An extensive evaluation of
100 experimental and correlational replication studies in three psychology
journals by the Open Science Foundation, for instance, considered signifi-
cance and P values, effect sizes, subjective assessments of replication teams,
and meta-analyses of effect-sizes (Open Science Foundation 2015). Fourth,
in qualitative studies, things are even more complicated. In interviews on
post-traumatic stress syndrome, for instance, one will have to interpret
subjects’ words and actions, confer meaning to them, and compare them
while there are differences between interviewees in use of words, cultural
background factors, and so on. Of course, replication works differently for
qualitative studies from replication in quantitative studies (Aguinis and
Solarino 2019), yet our notions of replicability, replication study, and
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successful replication, as well as our focus on the replicability of findings,
seem to apply here as well.

All this is not to deny that successful replications that increase trustworthi-
ness are possible. It is to stress that the notion is ambiguous and needs a lot
of qualification.

Let us also be explicit that replication studies that were not successful can
be useful in a wide variety of ways. They often give rise to new ideas, they can
suggest alternations in methods, they can call for new data, and sometimes
even point in the direction of an entirely new theory. That only a successful
replication is valuable from the standpoint of the trustworthiness of the
primary study findings, then, does not mean that if a replication is not
successful it does not have any value.

So far, we have spoken of a “primary study” and a “replication study”, as is
common in the literature. The whole notion of a “primary study” is some-
what problematic though. As we explain below, one can replicate a study
without being aware of the primary study; in what sense is the other study
primary in such a case? If we nonetheless insist on speaking of a “primary
study”, which moment determines whether a study is primary in comparison
with another: when the idea was born, submission of the research proposal or
its being accepted, preregistration of the research protocol, approval by an
ethics committee, the start of the data collection phase, posting of a preprint,
the submission for publication, the acceptance for publication, or the actual
publication? Yet, usually a replication study is clearly an attempt to replicate
a known earlier study. In that case, it makes sense to speak of a primary study
and a replication study.

Finally, we should note that mere replicability does not increase the
trustworthiness of a study’s findings. Although replicability makes it easier
or even plain possible in the first place to replicate a study, it does not tell us
anything about whether such replications will actually be performed or
whether they will be successful. The availability of a detailed study protocol
and data-analysis plan, however, does enable a replication and thereby opens
up the possibility to increase its trustworthiness. That being said, even if
replication studies are not carried out, the requirement of replicability may
actually provide a strong incentive to perform the study well. The demand to
be replicable comes with a risk that flaws and errors will be identified by
others. That awareness in itself may make the results of a study more
trustworthy due to a more careful execution.

3. Trustworthiness and kinds of replication

Above, we noted that there are three kinds of replication: a reproduction,
a direct replication, and a conceptual replication. There is a difference
between these kinds of replications when it comes to trustworthiness.
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A reproduction increases the trustworthiness of the findings and it reduces
the likelihood that errors have been made in the initial data analysis, because
the same data are analyzed again using the same data analysis plan.
Additionally, the primary data can be analyzed with an adapted data-
analysis plan when the primary analysis is suspected of being inadequate or
to check whether alternative approaches will lead to similar findings. If this
turns out to be the case this indicates that the findings are robust and thus
increases trustworthiness. Of course, there are important differences between
robustness (different analyses lead to the same findings), evidence for accu-
racy (successful direct replication), and evidence for validity (successful
conceptual replication), but they all increase the trustworthiness of the
primary findings.

A successful direct replication often renders the primary findings more
trustworthy than a reproduction because it concerns the collection of new
data. The larger the evidential base for a particular finding, the more
trustworthy it is.

In other words, enlarging the evidential base by gathering new data adds
more to the trustworthiness of the primary findings than merely re-analyzing
the primary data. This is because it demonstrates that sampling variability
has no strong influence on the findings and thus lowers the likelihood of
chance findings. Of course, all this is true only on certain constraints. Data
collected in a different time period, e.g., after rather than before an election,
can sometimes not properly be compared with the original data and then do
not bear on the trustworthiness of the primary findings.

Finally, a successful conceptual replication renders the primary findings
even more trustworthy, because it employs a somewhat different research
protocol and demonstrates that the methodological choices that were varied
do not influence the findings.” The point is: conceptual replications usually
add most to the trustworthiness of the primary findings, because they not
only help to rule out chance findings but also can strengthen trust in the
validity of the findings.

That being said, we should note that even here things are complicated:
a successful conceptual replication renders the primary findings more trust-
worthy than a direct replication but only when it is clear that it can truly
count as a replication rather than a new study on a related but different
research question. An example of this is the famous Marshmallow experiment
(Shoda, Mischel, and Peake 1990). Many have taken it to show that strong
bivariate correlations exist between a child’s ability to delay gratification just
before entering school on the one hand and adolescent achievement and
socioemotional behavior on the other hand. An attempt at conceptual repli-
cation by Watts, Duncan, and Quan (2018), though, yielded a bivariate
correlation of only half the size of that reported in the original study. In
fact, it was reduced by two thirds after adjustment for factors like family
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background, early cognitive ability, and home environment. Others, however,
have argued that given the differences in study design and data-analysis, the
original findings do actually hold up rather well (e.g., Collins 2018). Our
point about conceptual replication and trustworthiness, then, only applies in
those cases in which it is sufficiently clear that it actually aims to answer the
same research question.

Of course, conceptual replications require usually more work, time, and
financial resources — we say “usually” because in some cases a new method
may be more efficient and cheaper. When they fail it is difficult to decide
what the reason for it was because both a different data set and a somewhat
different research protocol were used. It is not uncommon, then, to first carry
out a direct replication and only then engage in a conceptual replication. Our
view is that it is usually best to start with a reproduction. Only when the
findings of a primary study have been shown to be robust by checking for
numerical inconsistencies and a re-analysis of the data with the same or an
alternative data-analysis plan leads to the same findings, it makes sense to
devote time and energy to a direct replication (Nuijten 2021). If that is
successful as well, a conceptual replication might be considered.

4. Trustworthiness and unintentional replication

Replications are usually intentional. Replication studies, after all, are purpo-
sely set-up as systematic replications of a primary study. It is important to
note, though, that replications need not be intentional. It is possible, for
instance, that at the literature review stage, a “primary study” is overlooked,
for instance, because of language barriers or publication in a non-indexed
journal. It is also possible that the publication or preprint of the findings of
the primary study has not yet appeared at the time the study that is an
unintended replication is designed. The notion of “multiple independent
discoveries” has received quite a bit of attention in the sociology and philo-
sophy of science, particularly in the work of Robert K. Merton (e.g., Merton
1963). Many of such discoveries will also qualify as unintentional
replications.

Such unintentional replications tend to be conceptual, that is, a replication
that uses a somewhat different research protocol to answer the same study
question with new data. One could argue that when the differences in
research protocols are too large it is not a replication but just another
primary study on the same study question. A better term would then be
triangulation which indicates that the same study question is approached
with different methods. It is, however, also possible to unintentionally use the
same research protocol with new data (a so-called direct replication), for
instance, when it comes to a relatively straightforward research question,
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such as comparing the mortality for a new pharmaceutical drug with that for
a placebo.

What is the relation between (un)intentionality in replication and trust-
worthiness? An unintentional replication is not less valuable than an inten-
tional replication: if successful, it contributes as much to the trustworthiness
of the primary findings as an intentional replication. Ceteris paribus - its
being set up rigorously, its taking potential biases into account (for concep-
tual replications), and so on - an unintentional successful publication is as
worthwhile, as it adduces further evidence for the same research question.®

5. Trustworthiness and stakes

So far, we have gone along with a widely but tacitly accepted understanding
of trustworthiness, namely that findings of a primary study are trustworthy
when they are sufficiently warranted by the evidence. It seems to us, though,
that things are somewhat more complicated than that: whether findings are
trustworthy is not merely a matter of evidential or epistemic considerations,
but also of practical or pragmatic considerations. In other words: whether
findings are trustworthy depends on what is at stake. Let us explain.

An important position in the theory of knowledge nowadays is that
whether or not one knows that a particular proposition p is true depends
not only on the quality of one’s evidence or reasons, but also on what is at
stake. This view is called “pragmatic encroachment” (Stanley 2005).
Sometimes, the costs of making an error are higher than at other times.
We need lower error rates if the costs are higher. Whether or not pragmatic
encroachment is correct for knowledge, it certainly seems true for trust: if
there is only a 1% chance that the gun in my hand is loaded and the purpose
is to shoot in the air (e.g., for celebrating a victory), I can trust that it is
empty. If there is only a 1% chance that the gun is loaded, but I am putting
the gun to my head, I cannot rationally trust that it is empty.

The pragmatic dimension of trust also seems to apply to trustworthiness of
research findings: whether primary findings are trustworthy of course par-
tially depends on the quality and robustness of the evidence but also on what
is at stake. Thus, a study about how rehearsal studies of Shakespeare can
inform and enrich our understanding of historical performance genres needs
little replication in order to be trustworthy, but a study result about the
intended and unintended effects of a new Covid-19 vaccine that is meant to
be distributed to many millions of people needs to be replicated more
thoroughly, given the enormous stakes involved.

Therefore, trustworthiness is not only a matter of the evidence adduced in
the primary study and its replications, but also a matter of what is at stake.
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6. How to assess trustworthiness

Increasingly, replication is perceived and accepted as part and parcel of
academic research (thus also Lakens 2020; Zwaan, Etz, and Donnellan
2018). That is a development we wholeheartedly embrace. Yet, little attention
has been paid to the relation between replication and trustworthiness. We
suggest, in conclusion, that the assessment of trustworthiness of study find-
ings should be extended to include not only widely accepted points like:

(1) What was the likelihood of the findings before the primary study was
done? This is often referred to as the prior probability of the findings.

(2) What was the study size and the methodological quality of the primary
study? In other words: was the primary study valid and precise
enough?

(3) How many reproductions, direct replications and conceptual replica-
tions were performed? And what was their study size and methodo-
logical quality? Which proportion of them was successful?

(4) What are the stakes at issue? In other words: is another replication
indicated before we can act upon the aggregated findings?’

Of course, much more work is needed to operationalize or even more
precisely define some of these concepts. For instance, how should we under-
stand the “methodological quality” of a study and how can that be operatio-
nalized for the different disciplinary fields and study types? The same holds
for “prior probability”, “stakes”, and so on. Systematic reviews, meta-
analyses, Bayesian inferences and decision theory can help to answer these
four questions. A particularly interesting approach concerns calculation of
the level of “acceptable regret”, which is the likelihood of making a wrong
decision on the research hypothesis we deem acceptable (Djulbegovic and
Hozo 2007). This, however, would go far beyond the point of the present
paper. Our point is merely that these things need to be taken into account -
and then, of course, further analyzed and operationalized - in assessing the
trustworthiness of the findings of a study.

Notes

1. This is sometimes called “reproducibility”, that is, computational reproducibility of
analyses following identical scrips, data artifacts, hardware, and so on.

2. Recently, some have critiqued the idea that conceptual replications are truly replica-
tions. See, for instance, Machery (2019). For the sake of argument, we will here assume
the mainstream position which says that there are three kinds of replications: repro-
ductions, direct replications, and conceptual replications. However, we admit that
when the differences between the research protocol of the primary study and its
replication become too large it makes little sense to label it as a replication.
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3. Among other things, when it comes to the trustworthiness of a study protocol or even
an entire study, various elements that these are composed of may come in various
degrees of trustworthiness. For instance, one of two methods used may be more
trustworthy than the other, one set of data used may be more trustworthy than the
other ones, or a laboratory instrument may be more trustworthy than another one.

4. When the objective of a study is estimation (e.g., of the effect size) as opposed to
hypothesis testing, direct and conceptual replication will increase the precision of the
estimates calculated from the aggregated data of the primary study and its replications.
Consequently, all replications will increase trust in the accuracy of the study findings
when estimation is at issue.

5. It follows from how we have defined the three kinds of replication that replication is
not identical to validity. Validity concerns whether a study really measures what it is
supposed to measure in the sense of being acceptably free of bias (lack of systematic
errors). Only conceptual replications provide information on validity but reproduc-
tions and direct replications only provide an insight in the accuracy (lack of random
error) of the findings. If a study design is biased a reproduction or a direct replication
will only lead to a more precise estimate of the wrong answer.

6. Studies can also indirectly replicate earlier findings even though that was not the
purpose of that study. For instance, by looking at the relation between education and
income in a series of studies that happened to collect data of both these variables. In
order to make things not unnecessarily complicated, we have left such indirect replica-
tions aside here.

7. In assessing the trustworthiness of findings, replication, then, plays a role among many
other factors.
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