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Summary

Many academic disciplines have changed considerably in recent years.
New journals, methods, initiatives, societies, structures, and much more
have emerged. There is talk of a “crisis” (Mede et al., 2020), a revolution
(Nosek et al., 2018), or a renaissance (L. D. Nelson et al., 2018). Together,
all these changes have led to a greater degree of openness and transparency
and have substantially transformed the academic system.

This book provides an accessible explanation of the concept of openness,
the origins of this change, and the Open Science movement. It explains the
background of the academic system, newly developed methods, and prob-
lems with currently established methods, drawing mainly on examples and
developments from psychology.

About this translation

While this entire book was written without any AI assistance, this
English translation was produced with the help of Claude Sonnet 5
and has not yet been fully reviewed by the author. If you notice any
translation errors or awkward phrasing, please refer to the German
original or get in touch.
Two things to know about this translation: First, German Wis-
senschaft has no exact English equivalent — it covers the nat-
ural sciences, social sciences, and humanities alike. Where
the original says Wissenschaft, this translation generally uses
“academia,” “scholarship,” or “research” rather than “science,” and
Wissenschaftler*in is rendered as “researcher” or “scholar” rather
than “scientist.” Second, the figures throughout this English edition
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Summary

still carry their original German labels — the diagrams have not yet
been redrawn in English.
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About the Book

Academic research is funded to a significant extent by the members of a
society, for example through tax revenue. This means that a community
supports individual people so that they can gain a deeper understanding of
themselves and the world, and in return receives help in solving various
problems. As a result, researchers owe a certain degree of accountability
to society. This does not mean that every scholarly finding necessarily has
to bear fruit, but rather that it meets scholarly quality criteria and is, at the
very least, comprehensible and verifiable for other researchers. To what
extent this is the case in various disciplines, and how people are working to
make this accountability possible, is what I aim to lay out in this book.

This book itself is meant to be part of open science. In the context of
the problems and solutions, I explain what the profession of academic
researcher looks like, how the academic system works, and discuss, using
selected examples, scholarly debates. Openness also means that the book
is freely accessible.

Acknowledgments

This book would not have been possible without the support of my
wife, Jessica. My optimism and my strength to advocate for an open,
transparent, and fair science draw on her.
I thank Lena Röseler, Celina Wagner, Helga Röseler, and Anna
Wentzel for proofreading and their countless suggestions for
improvement, Wibke Fellermann for advice on style and layout, and
Victoria Moser for reworking the figures.



About the Book

In the examples, notes, and remarks, I have also drawn on numerous
examples that I discussed with colleagues and friends. I thankDaniel
Wolf, Johannes Leder, Thomas Lösch, Matthias Borgstede, Astrid
Schütz, Ulrike Starker, Georg Felser, Viola Voß, Mitja Back, Jan H.
Höffler, Helene Richter, Janik Goltermann, Gilad Feldman, Flavio
Azevedo, Lukas Wallrich, and many others for the engaging conver-
sations!

Use of AI

Claude Sonnet 5 was used to adjust the layout and identify spelling
errors. An English translation currently in progress was also pro-
duced using Claude Sonnet 5.
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Introduction: Traceable Science

Let us begin with a hypothetical example: in Germany, the default rule for
organ donation could be changed. At present, no one is an organ donor
unless they explicitly consent to organ donation (for example, by ordering
an organ donor card). Under the proposed new system, everyone would
still be free to decide, even after the change, whether or not they want to
donate their organs. As in Austria, the alternative would be an opt-out
solution, meaning that everyone is by default an organ donor1 and must
actively object to that status in order to opt out.

The basis for such a hypothetical political decision would be a scientific
finding: under the opt-out solution, the proportion of organ donors is
higher than when people have to actively pursue the status of “organ
donor.” The original finding was reported by Johnson and Goldstein
(2003). Almost 20 years later, Chandrashekar et al. (2023) were able
to demonstrate the finding again using newly collected data – in other
words, to replicate it. All information about the replication can be read
online, and its results are fully accessible online. Using free software,
anyone can recalculate and check everything that an independent person
has already done on behalf of the journal in which the results were
published. Moreover, the effect holds not only for organ donation but for
all kinds of other human decisions. The general phenomenon is called the
default effect. The scientific basis for the political decision is, in this case,
verifiable and traceable.

1. In the German-language original of this book, the decision to use gender-inclusive
asterisk notation (e.g.,Organspender*in) instead of the generic masculine form is based
on the scientific finding that this better achieves the goal of addressing people of dif-
ferent genders equally (Brohmer et al., 2024). English does not carry the same gram-
matical gender distinctions as German, so this consideration does not apply in the same
way to the English text; throughout this translation, gender-neutral terms such as “organ
donor” are used instead.
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Introduction: Traceable Science

The transparency of the scientific finding is clearly evident in this example.
Unfortunately, though, this is not representative of science as a whole.
Research findings often cannot simply be looked up; instead, research
reports must be purchased from journals (or requested from the authors by
email), data must be requested, and results can only be recalculated using
expensive software. This kind of openness plays a particularly important
role at present: there is widespread skepticism toward science (Sultan et
al., 2024), and political decisions about heating, vaccination, nutrition, or
mobility rely on science while simultaneously being perceived as wrong,
costly, or threatening. Misleading or simply false information is spread,
and people use artificial intelligence (large languagemodels) that are based
on potentially false information and are not able to indicate the origin of
that information.

How the openness of science is changing, what researchers around the
world are doing to open up science, and what proposed solutions are being
discussed and implemented in this regard is the subject of this book. An
overview of the dimensions of openness, based on Silveira et al. (2023),
is given in the table below. Many academic disciplines lie somewhere
between the extremes of “classical scholarship” and “open scholarship.”
The latter represents the ideal – that is, the state that would be most bene-
ficial for scientific progress.

Table 1: Dimensions of openness in science.

Dimension Classical Science Open Science

Open Access Research articles and
books must be purchased
or borrowed.

Research articles and
books are freely available
online.

8
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Dimension Classical Science Open Science

Open materials and data Materials and data
underlying reported
scientific findings are not
shared, shared only on
request, or shared only
after considerable delay.

Materials and data are
published together with the
research report.

Open evaluation of
researchers, universities,
and journals

Research is evaluated on
the basis of opaque and
manipulable metrics.

Research is evaluated on
the basis of objective
criteria closely tied to
scholarly quality
assurance.

Open teaching Acquiring knowledge is
costly and requires being
present at specific places at
specific times.

Teaching materials and
courses are freely available
online, teaching is (also)
conducted online, and care
is taken to make materials
low-barrier and accessible.

Open innovation, “Big
Team Science”

Groups of researchers work
in strong competition,
isolated from one another,
on similar problems.

Researchers cooperate
internationally and across
disciplines and pool
resources.

Open infrastructure In everyday research,
researchers depend on
funding for software or
publication fees.

The processes of research
and quality assurance are
independent of commercial
publishers and are
organized independently
and sustainably by
researchers and
universities themselves.

Citizen science /
participatory science

Public participation in
science is of secondary
importance.

Members of the public are
actively involved in the
research process and enrich
science.

9
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Dimension Classical Science Open Science

Open scientific discourse Scientific criticism is taken
as personal criticism,
harms one’s academic
career, and results in
personal retaliation. Peer
reviews of scientific
articles are anonymous, are
not credited as scientific
output, and are visible only
to a few people. Comments
on research articles are rare
and published only after a
long delay.

A culture of appreciative
and constructive
engagement with error
prevails; reviews are public
and anonymous only on
request. Scientific articles
can be commented on
within minutes.

Replication research New studies must
investigate new questions.
Studies that re-examine
things already
demonstrated are not
published: failed
replication attempts are
assumed to reflect
methodological problems,
while successful
replications are considered
uninformative.

Past findings are
questioned, and
independent researchers
attempt to demonstrate
them again using new data
– that is, to replicate them.
Journals publish these
replication attempts
regardless of their
outcome.

10



What Is Open Science?

Research is often about details: What exactly happened in the study? What
images did participants see, and on what kind of screen? What was the
screen’s refresh rate, and were the colors calibrated using a machine (e.g.,
a spectrophotometer)? Research studies and their findings are nowadays
described in journal articles. It is not uncommon for one of the details
listed above to be missing, unavailable in the supplementary materials,
or for the authors to be unreachable because their e-mail address is no
longer current. But if a finding depends on exactly such a detail, future
researchers will have difficulty bringing it to light. At this concrete level,
Open Science means the possibility, for anyone, within ethical and legal
limits (e.g., anonymity), to gain detailed insight into the entire scientific
process of knowledge generation. It should therefore be described pre-
cisely how the study was conducted, what materials were used, what data
resulted from it, how that data was processed and analyzed, and finally,
what can be learned from it.

At a more abstract level, Open Science refers to a greater degree of
openness and transparency in all facets of academia. As described, this
includes study materials (e.g., questionnaires, images, or videos), the
research report, and the discourse involved in the peer review of research
reports by colleagues. But the degree of transparency can also increase
at the level of the academic system itself (that is, institutions, journals,
and the laws governing research): for example, there are lists of journals
whose articles can be read online free of charge (https://doaj.org). Finally,
openness can also mean holding a conference in a “hybrid format” – that
is, at a specific location, but with the option of online participation – so
as not to exclude people who cannot travel there, thereby being open

https://doaj.org
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toward them. The aim of greater transparency is to increase scientific
quality: only what can be checked, can actually be checked. Ultimately,
there is also the hope of transfer, that is, that scientific findings will be
better translated into practice (Cole et al., 2024). Open Science is thus an
umbrella term for a wide range of efforts to make science and research
comprehensible and traceable. The logic behind this is that one need not
simply take a researcher’s word for it, but can instead verify the facts
oneself without much effort.

Overall, Open Science is understood as a solution to numerous current,
often interrelated problems – first and foremost among them the problem
that roughly 50% of all psychological studies cannot be replicated (Open
Science Collaboration, 2015), meaning that repeating a study produces dif-
ferent results. Fecher and Friesike (2014, p. 19) speak of five “schools of
thought,” that is, communities with different understandings that pursue
different goals: infrastructure (e.g., platforms for storing or publishing
research materials), public engagement and the involvement of society in
the scientific process (e.g., by having citizens participate in conducting a
study; citizen science), measurability of scientific success (e.g., alterna-
tives to commonly used metrics such as the impact factor), democracy
(e.g., access to knowledge), and pragmatism (e.g., greater efficiency of
science through publicly available research data). An overview of the
facets of Open Science is shown below. Precise estimates are difficult,
but roughly speaking: if one picks a random social science study from an
academic journal, reruns it according to the scientific gold standard, and
tests the hypothesis examined in it once more, the probability of arriving
at the same result is about as high as getting “tails” (vs. heads) on a coin
flip. Problems partly associated with this include fraud in scientific publi-
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cations (Gopalakrishna, Wicherts, et al., 2021) andmental health problems
among early-career researchers (Satinsky et al., 2021).

Figure 1: Facets of Open Science.
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How Should We Deal with Open Science?

The topic of Open Science and the replication crisis1—or crisis of
confidence—is difficult to communicate for several reasons. First, it
amounts to harsh criticism of science and the scientific system, which
can be misused to downplay scientific findings and which endangers trust
in science as a whole. The arguments and findings presented here can,
for example, be used to criticize political or individual decisions that are
based on science. Against this, it should be said: by no means are all
scientific findings “wrong” or unreplicable. On many points there is still
broad consensus—that is, scientists agree on the truth of the findings.

On the other hand, the problems discussed here go beyond what naturally
occurs in almost every scientific field. The more closely one looks, the
more likely it becomes that any given scientific finding can be relativized.
Contradictions or conflicts can be found everywhere, arise naturally, and
are the target of scientific scrutiny. Every researcher can attest: on closer
inspection, nothing remains black or white but dissolves into many shades
of gray. The replication failures discussed below amount to more than
the uncertainty inherent to science: they endanger entire lines of scientific
inquiry.

Before we proceed to the details, it is also important to note that, at present
(autumn 2023), most of the problems discussed in this book have not yet
been solved, or have only been partially solved, and are hotly debated on a
weekly basis. After a decade of the Open Science movement, a point has

1. This refers to the fact that a large proportion of published replication studies (that is,
studies that re-test what is already known) arrive at different results, meaning that orig-
inal studies often cannot be replicated (see also the following chapters on history and
stocktaking).
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been reached at which most scientists have developed an awareness of the
problem. Some are familiar with proposed solutions, but these have neither
become fully established, nor is it clear which problems have already been
solved.

I understand Open Science as a large trigger warning that should precede
the social sciences and that reads: Attention, we currently have very
serious problems here. It is entirely possible that half of everything
we believe we know is simply wrong. Opinions on the Open Science
movement are by no means uniform, however: one can span a spectrum
here between “Should we really spend the next 20 years finding out which
findings of the last 100 years are correct? Let’s just start over from zero,”
and “Actually, this is all quite normal; I see no reason to speak of a ‘crisis’
here.”

Figure 2: Spectrum of reactions to the replication crisis.

The problem is especially large for textbooks. Imagine you have written a
book about a branch of psychology (social psychology is often the show-
case example here) that rests on decades of research, hundreds of publi-
cations, and thousands of studies. Here it hardly helps to ignore the book
entirely. But replicating all the studies yourself is not practicable either.
What is clear to most scientists is this: things cannot continue the way
they have so far. A fifty percent guarantee for scientific findings should
not be the standard for something that calls itself science. But we do not
need to start from scratch either.

16
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Open Science vs. Open Scholarship

Unlike GermanWissenschaft, which covers all scholarly disciplines,
English “science” is usually taken to mean only the natural sciences,
so that, strictly speaking, “Open Science” excludes the humanities.
Because English therefore has to address all fields jointly as “Science
and Humanities,” the term “Open Scholarship” is often used instead
(Parsons et al., 2022).

Further information: reactions from various members of the German Psy-
chological Society (DGPs) to the board’s official statement, taken from
a discussion forum, can be read online: https://replicationindex.com/wp-
content/uploads/2022/12/DGPs_Diskussionsforum.pdf.

17
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The History of the Open Science Movement

In this book, the open science movement is understood as a reaction to
identified problems, and thus as a self-correcting process within science.
At its center is a lack of trust in findings published in scientific journals.
Some of these problems have been known in similar form for decades.
However, it took decisive events before they were publicly discussed and
proposed solutions were developed. Because of difficulties in replicating
past results that had been considered reliable (that is, arriving at the same
result in repeated investigations), this is often referred to as a replication
crisis. Due to the uncertainty about the exact causes of low replication
rates, the term “crisis of confidence” is sometimes preferred instead (Feest,
2019).

Further reading:

• The history of the replication crisis is described by L. D. Nelson et
al. (2018) and Schimmack (2020). A more positive perspective is
taken by Korbmacher et al. (2023).

• The high value of replication studies was already being discussed in
political science in 1995 (King, 1995).

• A case of data manipulation at a highly regarded physics research
institution, which came to light in 2002, is described in an online doc-
umentary (https://www.youtube.com/watch?v=nfDoml-Db64) and
a book (Sarachik, 2009).

• The history of the open-access movement has been documented
by the Open Access Network: https://open-access.network/
informieren/open-access-grundlagen/geschichte-des-open-access
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Beginnings of a Revolution

Around the year 2010, a series of events accumulated in psychology that,
taken individually, could have been dismissed as isolated incidents, but
that together painted a negative picture of the science. These cases fall
into two categories: the Stapel affair was a clear case of fraud through the
“invention” of data or the reporting of studies that were never conducted.
The other cases were not clear-cut fraud; instead, they involved methods
that were, at the time, accepted within the field, used to produce results.

The Stapel Affair

By chance, in 2011 early-career researchers discovered that the data for
a study by their colleague, Diederik Stapel, had never been collected
by anyone. It had been invented, or fabricated. As of July 2024, 58
of Stapel’s journal articles have been identified and retracted for con-
taining fabricated or manipulated data.1 Scientific institutions such as
peer review, whose purpose is quality assurance, had failed. Since the
incident, several further cases have come to light, in part through renewed
analysis of the data from the studies in question (O’Grady, 2021), and
often through whistleblowers—that is, people with knowledge of the
wrongdoing who wish to remain anonymous for their own protection.
Surveys of researchers in the Netherlands have found that up to 10%
of all researchers have engaged in the fabrication or manipulation of
data (Gopalakrishna, Riet, et al., 2021). It should be noted here that
fabricated data tend to make studies especially innovative, surprising,

1. Retracted articles can be searched by topic, author, journal, etc. using the Retraction
Database: http://retractiondatabase.org/.

http://retractiondatabase.org/
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or clear-cut—properties that increase the likelihood of publication in a
journal.

Bem: Feeling the Future

A short time later, Daryl Bem—known for foundational psycholog-
ical and philosophical theories such as self-perception theory (Bem,
1967)—published the finding that people can predict the future (Bem,
2011). More precisely, some people, under certain conditions, can predict
the future. Across nine studies, the research group found that people could
make predictions about erotic images. The results were published in the
highly regarded Journal of Personality and Social Psychology. For many
psychologists, it was immediately clear: either fundamental assumptions
of their worldview were wrong (“people cannot predict the future”), or
something was wrong with the results. Several researchers attempted to
explain how these results had come about. Analyses of the published
data using alternative statistical methods arrived at the same conclusion
(Wagenmakers et al., 2011), yet replications by independent researchers
failed (Muhmenthaler et al., 2022; Robinson, 2011; Roe et al., 2012).

Bargh: Influence through Priming

His studies were celebrated in marketing and sold as neuroscientific
insights: people who drink a hot beverage (compared to a cold one) rate
other people as “warmer” (more generous, more considerate) (Williams
& Bargh, 2008). People who solve anagrams related to old age (e.g.,
“TREEMTIRNE” instead of “RETIREMENT,” or “YARG” instead of
“GRAY,” or, to try it yourself, “NOISER”) subsequently walk more
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slowly (Bargh et al., 1996). Many of these studies were not replicated:
researchers noticed, in the anagram study, that Bargh and colleagues
had measured walking time with stopwatches while knowing which
participants had solved the “old age” words and which had solved the
neutral anagrams—even though every first-year psychology student
learns that this should not be the case, and that experimenters should
be “blind” to the purpose of the study and to which condition each
participant was assigned. In their replication (Doyen et al., 2012), Doyen
and colleagues first measured time themselves, just as Bargh et al. had in
the original study: this problematic measurement approach produced the
same result. When they instead had time measured using light barriers,
without the experimenters knowing which hypothesis was being tested or
which participant was solving which anagrams, the effect could not be
replicated.

Important Events beyond Psychology

In behavioral biology, Crabbe et al. (1999) showed much ear-
lier that findings on the influence of genes on behavior depended
strongly on which laboratory the mice were tested in. Although calls
for improvements to the research process have recurred ever since
(Kafkafi et al., 2018), a revolution comparable to that in psychology
never materialized.
A somewhat different problem arose in the course of sequencing
human DNA: there, companies filed for intellectual property rights
while the research process was still underway. The negative social
and scientific consequences were discussed early on (Moore, 2000)
and remain part of scientific and political debate to this day.
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Problems with reproducibility—that is, confirming published results
based on the same data—are also known from preclinical animal
studies of various drugs (biology), cancer research (medicine),
genetics (biology), treatments for ALS (neurology), and widely cited
medical interventions (medicine) (Royal Netherlands Academy of
Arts and Sciences, 2018, p. 22, Table 1).
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A similar crisis of confidence occurred in social psychology in the 1960s
(Lakens, 2023). A crucial difference between the old crisis and the cur-
rent one is the stocktaking that has taken place: parallel to the peculiar
findings on Bem’s precognition studies, psychologists around Brian Nosek
formed an international network and investigated the replicability of 100
studies from prominent psychology journals (Open Science Collaboration,
2015). They found that only 39 of the 100 original findings could be repli-
cated. For all other studies, the replication results differed from the orig-
inal results. Many further large-scale projects followed, all with similar
results: replication rates fell far below what had been hoped for.

A critical look at the Open Science Collaboration, 2015

Although this “Reproducibility Project: Psychology” shook the
entire field to its core and paved the way for a paradigm shift, some
researchers also point to negative effects on subsequent replication
research. By publishing 100 studies simultaneously through a group
of more than 100 researchers, the project set unrealistic standards
for replication research. At the same time, quality control was less
rigorous, since the individual studies could not all be reviewed to the
extent that would have been the case for a traditional publication, e.g.
(Röseler et al., 2022). Some equally ambitious projects have since
been published, such as the Many Labs studies, e.g. (Klein et al.,
2014; Klein et al., 2018), or attempts in which independent groups
tested and replicated the same hypotheses (Landy et al., 2020). Such
projects are often limited to studies that can be replicated within an
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online survey. Formats such as longitudinal studies or behavioral
observations are underrepresented due to the greater practical diffi-
culty involved.

Numerous consortia followed. Some projects focused on individual
phenomena. For example, 17 research groups joined forces to replicate
the facial feedback finding (Strack et al., 1988) in (Wagenmakers et al.,
2016). In this experiment, participants hold a pen in their teeth, and
depending on the pen’s orientation, they either tense the muscles used for
smiling or do not. In the “smiling” condition, participants subsequently
rated comics as funnier. The replication failed. In 2022, a further study
with more than 3,000 participants from 19 countries was published – this
time with direct involvement from Fritz Strack, who had conducted the
original study (Coles et al., 2022). Again, it was shown that the position
of a pen in the mouth has no effect on the evaluation of stimuli. Beyond
social-psychological findings, researchers also focused on areas such as
research with infants (Byers-Heinlein et al., 2020) or studies from specific
journals (Camerer et al., 2018).

Defining replicability

Determining what could and could not be replicated is only possible
once replication success has been defined. In common usage among
researchers, “was replicated” means that a study investigating the same
research question arrived at results similar to those of an original study.
Replication failures are described as “could not be replicated.” Subtly
different from this, “was not replicated” can mean that no replication
attempts exist, or that they could not even be conducted because the
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original study failed to adequately describe key details (Errington et al.,
2021). For a science that is over 100 years old, it seems surprising that
there is still no clear definition of key concepts surrounding replication, let
alone that replicating studies has become routine. While different fields
have settled on divergent taxonomies – that is, models for classifying
different types of replication – terms related to replication are used in this
book as described in the table below. Depending on whether the same or
different data and the same or different analyses are used, we speak of
reproducibility, replicability, robustness, or generalizability.

Table 2: Replication taxonomy following the Turing Way (The Turing Way Community
& Scriberia, 2024).

Data

same different
Analysis same reproducible replicable

different robust generalizable

Statistical comparison of original and replication findings

Every measurement carries some degree of imprecision. In
the social sciences, measuring properties or phenomena such as
decision-making heuristics is extremely difficult. When original
results are compared with replication results, both results carry this
imprecision. This makes it difficult to say whether differences arose
from random fluctuation or from problems with the original study.
There are numerous statistical methods for comparing the two results.
They typically differ in how much they account for the imprecision
of the original study. Because of older methodological standards,
original results tend to be extremely imprecise, and the more heavily
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they are weighted, the more favorable the comparison turns out –
that is, the higher the estimated replication rate. Depending on the
method used, replication rates can then range between 40% and 80%.
A comparison of criteria against the FORRT replication database is
available online.

Further reading

For a more systematic taxonomy of replication types, grounded in infor-
mation science, see Plesser (2018). LeBel et al. (LeBel et al., 2019) have
proposed a taxonomy for replication study outcomes based on statistical
methods. The closeness of replications is discussed philosophically, for
example, by Choi (2023) and Leonelli (2023).

Table 3: Replication taxonomy.

Distinguishing criterion Categories

Outcome of a replication study Successful
Failed
Unclear or mixed
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Distinguishing criterion Categories

Closeness of a replication study to the original
study (following LeBel et al. [2019] and
Hüffmeier et al. [2016])

Direct replication
(same experimenters,
same experimental materials,
new participants)
Close replication
(different experimenters,
experimental materials as similar as
possible,
new participants)
Conceptual or constructive
replication
(different experimenters,
different experimental materials,
new participants)

Goal of the replication Reproduction
Arriving at the same results using the
same data and the same code
Replication
Arriving at the same results using
different data

“One swallow does not make a summer”

Whether a scientific finding “holds water” – that is, whether it has a valid
claim to truth – depends, in replication research, on many factors beyond
the way it was originally established. What were the results of the repli-
cation study? How many studies were conducted, and how varied were
they? What exactly did the methods look like? What were the differences
between the replications and the original study? While individual studies
always yield some gain in knowledge, at the very least whether a particular
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method is feasible (Sikorski & Andreoletti, 2023), they can vary consid-
erably depending on the field of research (Landy et al., 2020; McShane
et al., 2022). To see the bigger picture, more is needed – for example, a
statistical summary of many individual studies combined into one overall
study (a meta-analysis). An example using fictitious data is shown in the
following figure.

If one looks at many studies that have examined the relationship between
two things – for instance, income and educational attainment – the studies
will differ in their details: what exactly was counted as income (net, gross,
social benefits, family members’ income, values over a period of time or
from a specific point in the past, etc.), or which people were surveyed (stu-
dents, working professionals, whether respondents were paid, etc.). All
these differences may affect the relationship in question, and even when
they do not, relationships are often subject to fluctuations arising from the
measurementmethods themselves. In this example, the strength of the rela-
tionship can be reduced to a single number along with an associated pre-
cision. Here, the number is called the “correlation” and the precision the
“error bar.” The forest plot (also called a blobbogram) displays possible
correlations from various studies. Within a meta-analysis, study results
can then be combined and differences examined.

Phenomenon-centered replication projects

In contrast to the broadly scoped Reproducibility Project: Psychology
(Open Science Collaboration, 2015) and other attempts to estimate
replication rates for entire fields (Brodeur, Mikola, et al., 2024; Camerer
et al., 2016; Feldman, 2021), other efforts have focused on fundamental
phenomena. In such cases, dozens of groups around the world have
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Figure 3: Forest plot with simulated correlations from 15 fictitious studies.

joined forces, agreed on a study design, and carried out the studies with
an enormous number of participants. Most of these projects originate
from psychology. While the effect sizes found in them – that is, roughly
speaking, the magnitude of a relationship or finding – were in almost all
cases far below those of previous studies (Kvarven et al., 2020), for the
majority of the studies they were also null, meaning the phenomena were
“not detectable” at all (Alogna et al., 2014; Bouwmeester et al., 2017;
Cheung et al., 2016; Eerland et al., 2016; O’Donnell et al., 2018; Rife et
al., 2024; Vaidis et al., 2024; Wagenmakers et al., 2016). For instance, it
was shown with enormous precision that a story about a professor does
not make participants perform better on a subsequent test of intelligence
(O’Donnell et al., 2018).
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Efficient use of resources?

How should resources be handled in replications? This question
inevitably arises whenever many researchers join forces. Does each
group create the study independently? Does everyone adhere to a
jointly agreed protocol? Do they run the study sequentially, so as to
learn from one another? In Registered Replication Reports, a study
design is typically agreed upon in advance with other researchers
(e.g. the authors of the original study). In other cases, a study
design is developed collaboratively that should be ideal for testing
the theory (the creative destruction approach, Tierney et al., 2020).
Teams in different countries then translate the protocol and adhere to
it closely during implementation. These protocols are sometimes not
pre-tested (Buttliere, 2024), but they are often based on successful,
well-known studies. This has the advantage that differences between
groups cannot be attributed to differences in implementation, and
that cultures can be compared (Kakinohana et al., 2022). A disadvan-
tage, however, is that if the experiment already fails to work at one,
two, or five sites, it becomes questionable whether the remaining
30 groups should even attempt it. In the words of Buttliere (2024):
“Who gets better results? Thirty-nine people doing something for the
first time, or one person doing something 39 times?”

Discipline-centered replication projects

Fewer than half of all psychological findings are replicable, then. Does
this mean that all social-science textbooks across all disciplines are half
wrong? The clear answer is no. The accurate answer is it depends.
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Beyond psychology

The extent to which this depends on the discipline within the social
sciences has so far been examined primarily in psychology. Current
trends suggest that replication rates in personality psychology and
cognitive psychology (Soto, 2019) are higher than in social psychology
(Open Science Collaboration, 2015) or in marketing (Charlton, 2022).
While hundreds of replication attempts for social-psychological studies
have already been published, there are currently far fewer in other fields
such as marketing – as of October 2022, only nine. Fields outside
psychology are likewise affected by replication problems. Almost all
disciplines are affected by problems of replicability, reproducibility,
and traceability. New approaches to addressing these issues are being
discussed in medicine, biology, chemistry, physics, history, political
science, education, computer science, and many other fields.
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Since the low replicability of psychological studies became widely
known, the scientific system has changed in many respects with regard
to its openness and transparency. Some journals now require, as a
condition for publishing research articles, that the data be made publicly
available or that an explanation be given for why this is not the case
(e.g., for data that are difficult to anonymize). In rare cases, such as at
the journal Meta-Psychology, researchers recompute all the results. As
a counter-proposal to the “impact factor” – a metric that indicates how
often a journal is cited and that has been shown to have nothing to do with
the quality of the research it contains (Brembs, 2018) – the TOP Factor
was introduced (TOP: Transparency and Openness Promotion). For a
list of criteria, it indicates the degree to which they are met by different
journals. In other fields, such as business administration or marketing,
journals are even rated by a small number of selected researchers using
rating scales that are published annually as rankings. TOP Factors, by
contrast, are objective, are continually updated, and can be viewed and
verified publicly at topfactor.org. For each factor there are four levels: no
mention, level 1, level 2, and level 3. Level 3 represents the ideal; with
regard to data transparency, for instance, this would mean that an article is
published only once the data are publicly available and the analyses have
been successfully recomputed (reproduced) by an independent person.
To score a journal, corresponding points are assigned for levels 1-3 and
summed.1

1. Social scientists know that summing these values in this way is nonsensical, since level
2 is not “twice as good” as level 1, and the different factors should not always be
weighted equally – yet that is exactly what the arithmetic assumes. Still, as a heuristic
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Table 4: Overview of the TOP guidelines.

Factor Explanation

Data citation Most research articles are based on data.
Specifically, this concerns the possibility
of citing data independently of the articles
(e.g., via its own identifier, such as a
Digital Object Identifier [DOI]).

Data transparency Whenever possible, data should be made
publicly available. This can be done
directly through journals or through
so-called research data repositories.

Analysis code transparency The analysis code is used to evaluate the
research data. Other researchers should
have the opportunity to run the code and
reproduce or check the results.

Research materials transparency Research materials can include
questionnaires, images or films shown to
participants, but also odors presented,
fruits tasted, or software used. Whenever
possible, these too should be deposited (in
digital form) in a repository. This is
naturally not possible for physical objects.
For genes, for instance, there are
alphanumeric codes that researchers use to
communicate with one another.

Guidelines for describing the study design
and analyses

To understand, but also to replicate, a
study, it is important to describe the study
design in detail. In recent years, for
example, some journals have lifted the
word limit for the corresponding sections
of research articles.

estimate of a journal’s openness, this approach is more sensible than measures such as
the impact factor and the Hirsch index (i.e., bibliometric measures).
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Factor Explanation

Preregistration of studies See also the section on preregistration in
this book: if a study tests hypotheses (i.e.,
expectations or predictions for the
outcome), these should be specified in
advance and not adjusted after seeing the
results. Ideally, journals require
preregistrations for such studies and
require researchers to provide a link to
them.

Preregistration of the analysis plan The path from data to results is a long one.
The results depend on many decisions. To
strip themselves of this flexibility,
researchers should describe the analysis
plan in the preregistration.

Replication Despite their value, there are still many
journals that do not publish replication
studies. Ideally, journals encourage
researchers to submit replication studies to
them.

This change has been driven above all by early-career researchers (ECRs).
At many universities in recent years, Open Science initiatives or regular
meetings (“Reproducibili-Tea”) have emerged, consisting almost exclu-
sively of postdocs (researchers who have completed their PhD and hold a
fixed-term research position; in Germany this covers essentially everyone
below professor level), doctoral students, and students. In Germany, these
have networked together to form NOSI (the German Network of Open
Science Initiatives) (Schönbrodt, Baumert, et al., 2022).
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Has the replicability rate increased?

The replication crisis has now been ongoing for more than a decade, and
quite a bit has changed. Has this also solved the problem of replicability?
For one thing, in many areas it is still not even clear what can be repli-
cated. In marketing, the journal Journal of Business Research briefly
introduced a replication section (Easley & Madden, 2013), which was
later moved to a different journal. Projects are currently underway to esti-
mate replicability for various disciplines. Their results are, for the most
part, still preliminary and unclear. Another project is collecting replica-
tion results in order to track, over the long term, how replication rates
have changed by discipline and over time. Up-to-date figures are avail-
able online (https://forrt-replications.shinyapps.io/fred_explorer/, Röseler,
Kaiser, et al., 2024). An evaluation spanning multiple disciplines and
years will still require hundreds of additional replication studies.

The Open Science Revolution as a Paradigm Shift

Historians and theorists of science describe the development of sci-
ence as discontinuous. Textbooks do not simply keep getting thicker;
instead, some chapters get shorter because the knowledge they describe
is discarded, while others get thicker because new findings are added.
At times, chapters even disappear entirely. One of the best-known
models of science comes from Thomas Kuhn (1970/1996), who was
originally a physicist and adopted and further developed ideas from the
physician and sociologist Ludwik Fleck (1935/2015). According to this
model, knowledge grows for a time, but findings accumulate that are
incompatible with the rest of established knowledge. At some point,
these so-called anomalies can no longer be ignored. From that point
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on, the scientific worldview tips over: new theories are devised that
can explain the anomalies, and old knowledge is either discarded or
integrated into the new theories. This tipping is referred to as a paradigm
shift or scientific revolution. Classic examples of such a paradigm shift
include the transition from the geocentric to the heliocentric worldview in
astronomy, prospect theory for decisions under uncertainty (Kahneman
& Tversky, 1979), which linked psychological and economic models, or
– as is argued here in this book and elsewhere (Sönning & Werner, 2021)
– the replication crisis in psychology. In this case, the anomalies are the
findings of Bem (2011) or Bargh et al. (1996), or isolated replication
failures. These were incompatible with existing knowledge, and once
many such findings had accumulated, they could no longer be ignored
or dismissed. The claim that replication researchers had done something
wrong, were unqualified, or had bad luck was no longer a convincing
explanation. Unlike classic revolutions in the sense of Kuhn (1970/1996),
which involve a transition from one theoretical perspective to another,
the Open Science Revolution does not center on any particular theory or
research discipline being discarded, but rather on the scientific method
and the scientific system of the social sciences itself. Moreover, social
science disciplines such as economics or psychology do not each have
only a single paradigm; they can have multiple independent paradigms
(Hoyningen-Huene & Kincaid, 2023) – that is, several strands with little
in common that are researched independently of one another. Following
Kuhn’s philosophy-of-science terminology, alongside “replication crisis”
the term credibility revolution (Korbmacher et al., 2023) is also used. For
philosophical perspectives, see also Rubin (2023).

A paradigm shift is comparable to an ambiguous image such as the
duck-rabbit figure (Figure 5), as drawn, for example, by Wittgenstein
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Figure 4: Scientific revolution according to Kuhn (1970/1996), figure adapted from
Fiorentino & Montana Hoyos (2014).

(1968). Up to a certain point, everyone agrees that it is a rabbit. But
gradually, new insights and perspectives are added. The tipping point is
crossed, the duck becomes the accepted interpretation, and no one would
take it for a rabbit any longer. With the duck-rabbit image, of course,
one can jump back and forth between interpretations at will. In scientific
progress, however, new knowledge is added and a return to the earlier
view becomes very difficult.

From the very beginning of their studies or doctoral training, researchers
are trained to deal with findings in accordance with the prevailing
paradigm.
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Figure 5: Duck-rabbit ambiguous image, freely adapted from Wittgenstein: the
protrusions on the left side can be interpreted either as the beak of a duck
facing left or as the ears of a rabbit facing right.
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It never works on the first try: a paradigm shift in psychology

Already during my studies, I was trained to deal with failed repli-
cations in a manner consistent with the prevailing paradigm. This
was before the replication crisis had crystallized. In the first study I
took part in, in 2012, we tried, for example, to replicate the finding
that colorful sets of objects appear less numerous than single-colored
sets of the same size. In terms of consumer psychology, this is
somewhat counterintuitive — a long-running German TV jingle
for Smarties (in Germany, colourful chocolate lentils similar to US
M&M’s, rather than the tart pressed-sugar discs sold as “Smarties”
in the US) promised “lots and lots of colourful Smarties” (“viele
viele bunte Smarties”) — but it can be plausibly explained from a
Gestalt-psychological perspective (Redden & Hoch, 2009). After
a group of fellow students found the opposite – namely, that col-
orful Smarties actually appearedmore numerous than single-colored
Smarties – we were unable to demonstrate either effect in two
follow-up studies of our own. Regardless of whether the Smarties
were presented on plates, in cups, or in bowls, regardless of whether
the candies were blue, red, yellow, or mixed colors, and regardless
of whether quantities were estimated or Smarties were poured from
large bottles into containers, our participants were simply not influ-
enced by “colorfulness.” Over the following years, I was able, as
a teaching assistant, to run further replication attempts. The super-
vising professor, who was also my mentor, explained: I have hon-
estly never seen a hypothesis confirmed on the very first attempt.
After every experiment you get a bit smarter and learn what to do
better next time. It’s completely natural that it takes a few attempts
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before you figure out how to confirm the hypothesis. After we had
run six studies with a total of 1383 participants, asked the authors of
the original study for advice, eaten piles of candy, and still failed to
confirm the hypothesis across all the studies, I had lost confidence
in the finding.
About six years later, during my doctoral studies, I thought back on
those studies and discussed them with the professor. In light of the
replication crisis, it had become clear: if you run multiple experi-
ments and the hypothesis is actually false, chance alone will occa-
sionally still produce a confirmation of the hypothesis. This is com-
parable to the fact that even a fair coin can land on the same side
six times in a row. But if you flip 10 coins six times each, it is not
at all unusual for one of the 10 coins to land on the same side all
six times. Seen from this perspective, the remark that results never
seem to come out the way you want them to on the first attempt
has a bitter aftertaste: if the hypothesis is false, it is indeed unlikely
that it will nevertheless be confirmed – in a single study. But not if
many studies are conducted. In that case, it is actually to be expected
that, sooner or later, some study will confirm the hypothesis – even
though it is actually false (!). We eventually published these studies
together with several of the people involved (Röseler, Felser, et al.,
2020).
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In a conversation about preregistration – a method for increasing the repli-
cability of a finding – a colleague once replied: “That’s all well and good,
but as long as the system doesn’t change, replication rates won’t change
either.” How can we make sense of this objection? Let us approach this
from the other end: at the latest since the Reproducibility Project Psy-
chology (Open Science Collaboration, 2015), most psychologists have
understood that there are serious problems with the replicability of find-
ings. Where exactly do these come from? An important problem here is
publication bias, which refers to the fact that when scientific reports are
published, a selection has to be made, so that only certain results end up
being published (e.g., results that support a particular theory). This cre-
ates a distorted picture of reality. Researchers often even compile reports
using only certain findings. “Failed experiments” – that is, ones in which
a hypothesis was not confirmed or a theory was not supported – end up
in the drawer (the file-drawer problem, Rosenthal, 1979; Sterling, 1959).
In more extreme cases, scientists make use of various, largely accepted
methods to present the data in a way that supports the hypothesis, or act
as if what can be read from the data was the hypothesis from the very
beginning (HARKing, Parsons et al., 2022). But what drives people who
chose an academic career mainly out of interest in how the world works
to unconsciously embellish the truth, or even to deliberately manipulate
it? At the beginning of the complex process that has led to the repli-
cation crisis stands the current academic system: a large proportion of
people employed in academia operate under extreme pressure and precar-
ious working conditions. In order to have their contract renewed after
one or two years, they must demonstrate publications in journals that are
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as prestigious as possible. These are obtained through especially striking
and exciting results. The incentive system of academia therefore rewards
not truth, accuracy, modesty, or transparency, but above all the things that
are not within a researcher’s control: exciting and unambiguous results
(Bakker et al., 2012).

The process leading from precarious working conditions to low replica-
tion rates is illustrated here. In the following chapters, the problems and
possible solutions are discussed in detail.
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Figure 6: The incentive system of academia as a cause of replication failures.
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In the following, numerous problems of the scientific system are explained
and listed, ones that researchers have identified while grappling with sci-
ence itself. Some of these problems have been known for many decades,
others only for a few years. It should be noted while reading that for all of
these problems, solutions have already been developed and, in some cases,
already implemented. What these solutions look like, and which solutions
are tailored to which problems, is explained in detail in the chapter Solu-
tions.

Problems and solutions are each divided according to different levels,
which are shown in the following table.

Table 5: Levels of problems and solutions.

Level Explanation

System For people in a society to be able to pursue
research as a profession, a framework is
needed through which this activity is
organized. This includes, for example, the
constitutional protection of academic
freedom that exists in some countries (in
Germany, Art. 5(3) of the Basic Law,
Grundgesetz, guarantees academic
freedom,Wissenschaftsfreiheit), the
funding of research through tax revenue,
universities, degree programs, the link
between research and teaching, but also
scholarly journals and books.
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Level Explanation

Method How researchers arrive at knowledge is
described by the method they use.
Methods are tools that are adapted to the
problems at hand, change over time, and
are, in themselves, neither good nor bad.
Examples of methods include telescopes,
X-ray machines, questionnaires, but also
computer models, algorithms, and
statistical or mathematical models.

Theory A scientific theory is understood as a
well-founded assumption about how a
particular relationship or phenomenon
works. “Well-founded” means that
theories are only used for as long as they
agree with observations (or as long as
there is no better explanation for them).
They are therefore never final. Examples
of theories include the theory of evolution
regarding the adaptation of organisms to
their environment, or dissonance theory
from psychology.

World / Epistemology Epistemology, or the theory of knowledge,
discusses what people can know. It is
relevant to science insofar as things that
cannot be known also cannot be
researched.
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Alongside the ideal of what academia should be or how it should work,
there is academia as it is actually integrated into our social system. One
particularity here is that researchers pursue this activity as a profession
— that is, they earn money doing it. Committees decide how this money,
which comes largely from taxpayers, is distributed, and these committees
themselves consist of researchers (academic self-governance). Because
of the heavy workload of simultaneously conducting and administering
research, decision-makers simplify their work by using shortcuts to select
highly qualified individuals. As a result, the currency of academia has
largely become the number of research articles (papers) published in aca-
demic journals. Another commonly used indicator is the number of other
scholarly articles that cite a person’s research — in other words, citation
counts. Role models such as Charles Darwin or William James, and even
some current Nobel laureates, would stand no chance of obtaining a per-
manent position in academia by today’s standards — they simply did not
write enough papers. Many of the problems discussed here have been
known in psychology, for example, for several decades, making a repli-
cation crisis all but inevitable (M. Baker, 2016; Cronbach et al., 1991;
Greenwald, 1976).

Scholarship versus the Academic Business

While some natural and social sciences relied heavily on book publications
in their early days, with a substantial body of work built up mostly by indi-
vidual scholars (e.g., Galileo Galilei for physics or William James for psy-
chology), today it is academic journals that take center stage. These jour-
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nals are comparable to the magazines found at a newsstand or supermarket,
except that they consist of articles (mostly written in English) authored by
researchers, and in many cases are only available online or through uni-
versity libraries. Researchers then download individual articles from these
journals over the internet via their university network, and libraries hold
contracts with publishers, paying money so that members of the university
have access to the catalogs. Every submitted article addresses a research
question defined by the researchers themselves (e.g., how many psycho-
logical studies replicate on average?). The articles usually report studies
along with their results. Before publication, articles are reviewed (review)
— not by journal staff, but by colleagues (peers). This peer review is meant
to ensure the quality of research. Typically, reviewers check that the con-
clusions are justified by the data collected, that the research question is
clearly answered, that the article is comprehensible, and that the findings
are exciting or surprising. Journals differ in which topics they cover (e.g.,
social psychology, consumer behavior, applied sports science), how rig-
orous their peer review is, and how many researchers read and cite them.
The academic disciplines are thus deeply embedded in a system that allows
researchers and publishers to earn a steady income.

Precarious Working Conditions

So much for the general framework: researchers conduct studies and share
their results mostly in the form of publications, such as journal articles or
books. As for jobs in academia (that is, primarily at universities), they
are hierarchically structured. In Germany in particular, permanent posi-
tions are few and are almost exclusively professorships, with everyone
below that level — doctoral candidates and postdoctoral researchers (post-
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docs) — on fixed-term positions. (Systems with permanent lectureships
or tenure-track assistant professorships, as in the UK and US, distribute
security somewhat differently, but the underlying competition for scarce
permanent posts is comparable.) Anyone working in academia usually
finds themselves in fierce competition for one of the few permanent posi-
tions (Rahal et al., 2023). The underlying assumption is that competition
among researchers boosts productivity. From the start of a doctorate1 to
an appointment to a professorship — one of the rare permanent positions
— contracts typically last only one to three years, and positions are usually
less than full-time. At the same time, in many disciplines it is uncommon
to complete a doctorate within the typical three years while working fewer
than 40 hours a week. While the majority of scientific publications are
based on studies conducted as part of doctoral projects, doctoral candidates
are simultaneously the people in the system considered to have the least
value — that is, whose labor is cheapest. Researchers in fixed-term posi-
tions are thus exposed to enormous performance pressure. Mental health
problems such as burnout or depression are widespread among doctoral
candidates (Jaremka et al., 2020; Liu et al., 2019). The path to a professor-
ship is achieved above all by thosewho publishmany articles in prestigious
journals. Given the immense workload and the sheer number of articles
submitted to journals, there is no longer time to carefully check and recom-
pute results (Nuijten et al., 2017); instead, what matters most is how clearly
the results answer the research question — or, more precisely, how clearly
they confirm it (Giner-Sorolla, 2012; Mynatt et al., 1977). In other words,
the very part of scientific work that gets rewarded is the one that is not actu-
ally in the researchers’ hands: the outcome of an investigation. From that

1. The process of obtaining a doctoral degree/title, which — depending on the discipline
and institution — involves writing either a single book (monograph) or several journal
articles (cumulative dissertation).
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point on, published articles and prestige — rather than quality (Brembs,
2018) — become the currency of academia: they determine who receives
research funding, and research funding and publications in turn determine
who is appointed to professorships. In the hiring committees that make
these decisions, members usually do not read the applicants’ articles; they
merely count how many are listed and in which journals. Applicants are
sometimes asked to report their citation counts. Some of these figures (e.g.,
the impact factor) are owned by corporations, and access to them must be
purchased through the institution.

In addition to these devastating problems, there are systemic issues
of sexual harassment (Hoebel et al., 2022) and abuse of power,
which are difficult to resolve given the currently strictly hierar-
chical structure of the system (Forster & Lund (2018); see also
https://www.netzwerk-mawi.de/ and various recent reports, [1; 2; 3]).
According to reports from the German network against abuse of power
in academia, cases are kept quiet and the perpetrators quietly move to
another university, so the problem never actually gets resolved. M. M.
Elsherif et al. (2022) illustrate vividly who has it particularly easy in
this system with their Academic Wheel of Privilege (p. 85; see also
https://www.psychologicalscience.org/observer/gs-navigating-academia-
as-neurodivergent-researchers). For example, female doctoral candidates
in the Netherlands received worse grades than their male counterparts
specifically when the dissertation committee — the group of profes-
sors evaluating the doctorate — consisted entirely of men (Bol, 2023).
On top of this, universities fall well short of the statutory quota for
employing people with recognised severe disabilities that applies to
German employers, and further below the rates achieved in other sectors
(German-language source).
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Too Much Research

During a doctorate, researchers must typically publish three scientific arti-
cles within a total of 3-6 years, plus parental leave (or, in fairer cases,
produce three articles worthy of publication). For postdocs, the number
required is even higher. Under Germany’s Academic Fixed-Term Con-
tract Act (Wissenschaftszeitvertragsgesetz, WissZeitVG), individuals may
be employed at German universities for a maximum of six years before and
six years after completing a doctorate. For the Habilitation — a second,
post-doctoral qualification thesis that in Germany and several other con-
tinental European countries is the traditional prerequisite for a full pro-
fessorship, with no direct equivalent in the UK or US system — a sim-
ilar time frame is allotted; the rule of thumb in psychology, for instance,
is around six articles. How extensive the articles are plays only a sec-
ondary role. For example, conducting ameta-analysis— in which existing
findings on a particular topic are systematically collected and statistically
summarized or compared — often takes several years. A longitudinal
study can, depending on the research question, even take decades. By con-
trast, a cross-sectional survey using an online questionnaire can be com-
pleted within a few weeks. A doctoral candidate who conducts a single
meta-analysis could not obtain a doctorate with it. Had she instead con-
ducted three simple online studies and published them separately, it would
have been easier.2 These arbitrary requirements have led researchers to
place an enormous burden on themselves merely by reviewing their col-
leagues’ articles — a burden that hampers scientific progress (Hanson et
al., 2023).

2. One could object here that some journals only publish articles that report multiple
studies. In doing so, however, these journals clearly miss their actual goal, namely the
internal replication of one’s own findings. Instead, it tempts researchers to run several
studies with few participants each, rather than one study with many respondents.
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To illustrate the workload involved, consider a thought experiment:
suppose there were 10 researchers who together published 10 articles
a year — sometimes alone, sometimes as a group — and each article
was reviewed by two people; then each person would need to review
two articles. For the system to work, each person would need to review
the average number of articles published per person, multiplied by the
number of reviewers required. With 10 publications per person and
three reviewers, that would be 10x3=30 reviews. But not all articles are
published by the journal they are first submitted to, nor are they published
immediately. Researchers often submit their articles to the “top-ranked”
journals. After several reviewers there have assessed the article, it gets
rejected (Jaremka et al., 2020). At best, revisions are requested, which
often trigger another round of peer review, and even then the article is not
always published afterward. So our calculation does not add up: let us
assume, conservatively, that an article is reviewed nine times in total (e.g.,
three reviewers once, then rejection, then three reviewers again, revision,
a second review, acceptance). 10x3 becomes 10x9 — accounting for
some vacation time, that amounts to a bit more than two reviews per week,
ideally taking up to two working days. Under this arithmetic, there is less
time left for teaching, knowledge transfer, supervising students or doctoral
candidates, acquiring research funding, university self-governance, and
so on. Because of the sheer number of articles that must be published and
the strict review system, academia piles up a mountain of work on itself
— one that is not realistically manageable, and under which the quality
of research ultimately suffers. For example, neither reviewers nor journal
editors noticed that more than 30 articles contained the phrase “Regenerate
response” right in the middle of the text — a phrase that, in OpenAI’s
ChatGPT, lets a user reword AI-generated text at the click of a button
(https://retractionwatch.com/2023/10/06/signs-of-undeclared-chatgpt-
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use-in-papers-mounting/). Some articles even stated, “As an AI language
model, I …” (PubPeer search for this phrase“). In one case, the publisher
Elsevier altered a published article — not through the recommended
route3 of a transparent erratum or corrigendum, i.e., a public notice
explaining the change and its reasons, but without any explanation or the
authors’ consent (https://predatory-publishing.com/elsevier-changed-a-
published-paper-without-any-explanation/).

Publish or Perish

Anyone working in academia should know the most important rule of the
game: whoever wants to survive must publish articles. In short: publish
or perish. For a doctorate, a Habilitation (see above), acquiring research
funding, and being called to a professorship (in Germany, the formal Beru-
fung procedure), publications are the top criterion. The defining feature of
a currency is that it allows a value to be assigned to things. So what does
value look like in research? To describe and select journal subscriptions
(that is, explicitly not to evaluate) across different research fields, biblio-
metricians devised variousmetrics, such as the impact factor or the h-index.
Both figures are calculated from how often articles are cited, broken down
by journal or by person. For instance, the journal impact factor is cal-
culated by dividing the total number of citations in a given year by the
number of citable publications in the reference years (e.g., the three pre-
ceding years). Journals advertise high impact factors and sometimes do
not allow citation of comments (or publish comments under the same ref-
erence as the original studies) in order to keep their impact factors as high
as possible. They can, of course, also choose whether to report the 3-year

3. Ethical guidelines for the publication process are available, for example, from the Com-
mittee on Publication Ethics (https://publicationethics.org/guidance/Guidelines).
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or 2-year impact factor. Calculation methods also differ in terms of which
underlying data they draw on. The journal impact factor database currently
belongs to the company Clarivate Analytics and is not publicly accessible.
This means the exact figures cannot easily be recalculated and checked.
Given the important yet opaque role of citation metrics, it is hardly sur-
prising that they get manipulated, and that 3 of the top 10 journals in one
field turned out not to be scientific journals at all. It is also clear that
citation metrics are either unrelated to, or negatively related to, scientific
quality (Brembs, 2018; Etzel et al., 2024, Table 3). For example, there was
the problem thatMicrosoft Excel recognized gene names as dates, changed
their format, and rendered the actual names unrecognizable. As a result,
parts of the corresponding results became useless (Ziemann et al., 2016).
This problem occurred especially in prestigious journals. They did nothing
about it; instead, Excel itself was adjusted a few years later.

Besides journal rankings, rankings of individuals can also be cre-
ated. Researchers from Stanford published one such list of the top
2% most-cited researchers worldwide. Aside from inviting misuse,
it contains numerous errors (Abduh, 2023), such as researchers who
supposedly published articles for hundreds of years — both before and
after their death. Companies that own publishing houses and other tools
used in research (e.g., reference-management software) also collect data
about researchers (e.g., which articles are accessed for how long, which
passages of text are highlighted). Libraries are sometimes asked to install
publishers’ tracking software. The publishers then sell the collected data
back to the researchers. This practice endangers academic freedom, since
states can require publishers to disclose the names of researchers working
on politically sensitive topics. The initiative Stop Tracking Science
campaigns against this practice.
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Researchers often choose the journal in which to publish their results based
on citation metrics, and in hiring committees, applicants are frequently
selected on the same basis. In personal accounts, for instance, professors
report that across countless hiring committees over several decades, they
never once read a single one of the applicants’ research articles. To get
their articles into “high-impact journals,” researchers are even willing to
embellish their results — in order to increase their chances of publication
(Bohorquez et al., 2024). Calls for the responsible use of these metrics
have been made for some time now (Hicks et al., 2015), and numerous
universities and researchers have joined forces to make the evaluation
of research more meaningful (e.g., through the San Francisco Declara-
tion on Research Assessment). How incentive structures and career status
affect researchmisconduct has been studied with mixed results. The under-
lying problem: as soon as a system has a clear evaluation criterion, every-
thing gets oriented toward it (gaming the system). According to Fanelli,
Schleicher, et al. (2022), incentive structures that lead to poor research —
in the form of image manipulation in biology — are especially prevalent
in China, and considerably less so in the USA, the United Kingdom, and
Canada.

Another product of the publish-or-perish structure is that most instruments
developed in psychology to measure personality traits are used only a
handful of times — and mainly by their own developers, at that (Elson et
al., 2023). Elson et al. (2023) make the point: psychological measurement
instruments are not toothbrushes! An even more extreme version of this
problem can be seen with so-called paper mills (van Noorden, 2023): orga-
nizations that automatically generate large quantities of scientific articles
without actually conducting the studies described in them. Researchers
can then buy co-authorships to increase their number of published articles
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and gain more citations. Depending on the journal, these articles are not
caught during peer review, that is, evaluation by other researchers. There
are concerns that the buyers of such articles can themselves become very
successful, even becoming journal editors, thereby protecting themselves
from being caught. The true extent of the paper-mill problem is unclear
and remains largely unexplored (Byrne & Christopher, 2020). One telltale
sign for detecting articles produced with the help of artificial intelligence is
so-called tortured phrases (Cabanac et al., 2021) — phrases that are gram-
matically correct but rarely occur in ordinary usage or make little sense.

The Bottleneck Hypothesis and the Drive for Innovation

Renowned scientific journals receive countless submissions every day
but publish only a limited number of articles. They must therefore select
very strictly what gets reviewed and, ultimately, published. Because a
journal’s goal is to be widely read, journal editors choose the articles
with the greatest potential to become well known and heavily cited
(Giner-Sorolla, 2012). This applies, for example, to contributions with
particular practical implications, surprising findings, or especially consis-
tent findings. Studies whose results do not permit clear conclusions — or
whose authors draw their conclusions too cautiously — are therefore out
of the running. In the neurosciences, for instance, some journals openly
state that they do not publish replication studies and that they select for
novelty, while most other journals take no position on the matter at all (A.
W. K. Yeung, 2017). In psychology, in 2017 only 33 out of 1,151 journals
stated that they accept replications (Martin & Clarke, 2017). Innovative
findings, or findings presented as innovative (Stavrova et al., 2024), are
cited more often, so the journal gains more readers, more submissions,
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and thus more money through subscriptions and publication fees —
yet heavily cited articles tend to replicate worse than less-cited ones
(Serra-Garcia & Gneezy, 2021), and prestigious journals are magnets for
questionable research practices (Kepes et al., 2022) and for research that
is demonstrably no better, or even of lower quality (Brembs, 2018).

How does this come about? People speak of a bottleneck—many submis-
sions but few publications. Combined with the incentive to publish in pre-
cisely these journals, this leads researchers to use every means available to
gain a chance at publication. At some institutes, publishing in a particular
journal automatically earns a doctoral candidate the highest possible grade.
Other institutes already specify, in the job posting for a doctoral position,
which journal the results of the research project must be published in. The
fact that prestigious journals such as Nature or Science mainly publish
articles with clear-cut messages — articles that also get read more often
(Stavrova et al., 2024) — spurs researchers on to manufacture clear-cut
results. If a finding happens not to fit the hypothesis being tested, it is
either distorted through data-analysis practices that are currently tolerated
in many places (questionable research practices) until it does fit, or it is not
published at all and ends up in the file drawer (Gopalakrishna, Wicherts, et
al., 2021; Schneider et al., 2024). Likewise, this discourages researchers
from repeating an experiment that has already been conducted — that is,
from running a replication study (Marefat et al., 2024).

The File-Drawer Problem

It has been known for several decades that researchers primarily publish
those studies that support their theories (Rosenthal, 1979; Sterling, 1959).
In an extreme case, someone might run five studies to test a theory, con-
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firm the theory in only one of them, and publish only that one. Other
researchers who then search the (published) literature see only the “suc-
cessful” study. This creates the impression that the theory is correct, even
though the majority of the studies do not actually support that conclu-
sion. Because study results are subject to natural statistical fluctuation,
it is likely that, among many studies, at least one will show the desired
result purely by chance. The file-drawer problem allowed entire lines of
research to develop that have since gone completely extinct once aware-
ness of replication studies took hold (Brockman, 2022; Mac Giolla et al.,
2022).

For meta-analyses— studies that summarize existing findings — a range
of methods have already been developed to assess the severity of the
file-drawer problem. Numerous methods for correcting this bias also
already exist (Fisher et al., 2017; Hedges & Vevea, 1996; Schimmack,
2020; Simonsohn et al., 2014b; van Aert & van Assen, 2018). However,
none of these methods works in every possible scenario (Carter et al.,
2019). So researchers cannot avoid actually publishing their failed
studies.

Medicine represents a special case: all studies conducted there must be
publicly registered. Any subsequent publication must then cite a registra-
tion number. Public information on registered studies therefore makes it
possible to track which individuals, institutions, or countries actually pub-
lish how many of the studies they conduct. Researchers in Berlin have
developed a website with an interactive dashboard for exactly this pur-
pose, allowing the collected data to be searched and displayed (Franzen
et al., 2023; Riedel et al., 2022). As of the current state (July 2024),
https://quest-cttd.bihealth.org/ shows that, of all registered studies, only
46% were published within the following two years and 74% within the
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following five years. People who volunteer as participants in these studies,
or third-party funders, thus gain insight into the size of the drawer in which
failed studies and “not-so-exciting results” end up.

Access to Knowledge

Because research is embedded in the commercial publishing system, much
of academia finds itself trapped in a social dilemma that results in severely
restricted access to knowledge. The dominantmodel for academic journals
— most of which belong to publishers such as Springer, Elsevier, Sage, or
Taylor and Francis — is a subscription model. University libraries regu-
larly pay money to publishers so that members of the university (students
and staff) have access to the works published there. Anyone without a
subscription can buy individual articles. If you try to download an article
online without being on a university network, it is not free: the article
sits behind a paywall. If an article is to be published so that everyone
can access it freely (open access), this costs the authors extra — typi-
cally between €2,000 and €9,000 per article, and up to €20,000 for books
(article/book/chapter processing charges). This also affects the article’s
own authors: upon publication, they sign away all their rights to the pub-
lisher, and can only access their own article through a university with a sub-
scription, or by paying a fee (around 30 US dollars), unless they paid the
enormous open-access fees in the first place. So in order to read research at
all, universities must buy subscriptions or individual articles. As a result,
individuals, institutions, countries, or even entire regions with fewer finan-
cial resources — such as the Global South — are systematically disadvan-
taged in their ability to take part in international scholarly discourse.
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This social dilemma lies precisely in how difficult it is to change this
system. Brembs et al. (2023) describe it as follows: libraries sign sub-
scription contracts with publishers in order to make research available at
their universities. If they canceled these contracts, that could slow down
research and weaken a university’s standing. Researchers cannot boy-
cott the well-known journals of commercial publishers, because doing so
would jeopardize their careers. They depend on publishing in prestigious
journals. It is also extremely difficult to suddenly change the behavior of
millions of researchers, most of whom have lived with the current system
for many years. The journals, as the third party in this dilemma, profit
from this dependency and can raise prices at will and worsen publica-
tion terms as they please (e.g., requiring authors to sign away all rights
to their research). Aside from their brand value — that is, the prestige and
trust mistakenly (Brembs, 2018) placed in them— they contribute almost
nothing to this system. Universities and countries already have the option
of managing research articles online in journals of their own; peer review
and quality assurance are carried out by volunteer researchers rather than
journal staff; and, as is evident from existing journals4 (Carlsson et al.,
2017), researchers can handle the formatting of articles themselves with
little effort. Corresponding solutions are discussed in the chapter Open
Access Publications.

Wasting Taxpayer Money on Commercial Publishers?

The German-language science show MAITHINK X explains why
taxpayer money is wasted under the current system. For instance,
the total amount of APCs — that is, publication costs for articles in

4. This refers to journals that publish articles without requiring a subscription and without
a paywall, and at no cost to the authors.
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open-access journals, not including library subscription costs, book
publications, and much more — is estimated to have exceeded 2.5
billion US dollars worldwide, and more than tripled between 2019
and 2023 (Haustein et al., 2024). What the program falls short on
is discussing possible solutions (see the chapter Solutions > The
System).

Scientific Quality Control

The problem of quality control runs through all the problems of the scien-
tific system described so far. During the review process before publication,
many errors go undetected, and after publication, reports are so opaque that
it is often not even possible to expose fabricated data. Reviews of scien-
tific articles usually remain confidential, and when one journal rejects an
article, it simply gets submitted to another. The criticisms already raised
are then lost along the way (Aczel et al., 2021).

Scientific articles end with a paragraph on potential conflicts of interest.
There, researchers must disclose whether they received benefits from
companies for their research, or whether they profit in any way from the
research (e.g., by owning stock in the company whose drug they tested
favorably). In gambling research, such disclosures are frequently missing
(Heirene et al., 2021). Some large companies systematically undermine
scientific consensus by spreading false information: a well-known
example is the tobacco industry and the well-established negative effect
of smoking on health (Reed et al., 2021).

Some journals exploit this situation by publishing research in exchange
for high publication fees (e.g., €4,500 per article) despite weak or entirely
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absent quality control. This practice is called predatory publishing and
refers to researchers effectively buying publications, with publishers prof-
iting from it. Because the peer-review process is anonymous and kept con-
fidential, it is sometimes unclear whether a given journal has any quality
control in place at all. Paper mills go a step further still. There, people can
buy co-authorships on articles. These articles are frequently produced by
individuals or generated using algorithms. Cases in which such nonsen-
sical articles are exposed are common, but the articles are rarely retracted
or given a public notice explaining the error (Cabanac & Labbé, 2021).
Further detection methods are being developed, checking, for example,
whether the authors of journal articles have an institutional email address
(that is, an address from a university or research institution) (Sabel et al.,
2023).

Besides publications, researchers can also buy citations or artificially
inflate their own (Singh Chawla, 2024) — for instance, according to
Google Scholar, Larry the cat was briefly credited with 132 citations.
Because reviews remain confidential, “review mills” have also emerged:
there, authors are pressured into citing specific research articles in order
to boost the reviewers’ own citation counts. These reviews consist of
vague, formulaic boilerplate text (Oviedo-Garcı́a, 2024).

Further Information

• The free film “Paywall: The Business of Scholarship” covers the
topic of paywalls and public access to scientific knowledge: https:
//paywallthemovie.com/paywall.
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• M. M. Elsherif et al. (2022) discuss the topic of neurodiversity in
research. Via FORRT.org, the group also maintains a database of
neurodivergent researchers and other projects.

• Thériault and colleagues recently released the Missing Majority
Dashboard (Thériault, 2023), which automatically uses the Ope-
nAlex literature database to show which continents authors come
from. North America and Europe are clearly overrepresented.

• TED Talk on inclusive science: https://www.youtube.com/watch?
v=tB_HeqnonNM.

• Retractions from the Retraction Watch Database can be viewed
visually by country and type in the Retraction Dashboard:
https://retraction-dashboard.netlify.app.

• In an interview (in German), Jasmin Schmitz explains various
types of research misconduct: www.youtube.com/watch?v=
EqW7vP6dizU.
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Career in Academia

A career in academia usually requires a relevant degree (bachelor’s and
master’s) and begins with a doctorate. During the doctoral phase, one
learns the craft of research and earns the doctoral degree: studies are
conducted, data are analyzed, and research articles are published. In
Germany, doctoral candidates are typically employed as wissenschaftliche
Mitarbeiter (“research associates”) on a 50–66% contract — a salaried
university post, unlike the fully funded studentships common in the UK
or US — and in that role they review articles and grant applications on
behalf of their supervisors, write their own grant applications, spend
several months abroad, create, supervise, and grade exams, supervise
theses, and take part in university self-governance by attending meetings
and serving on committees. Positions or scholarships are usually set
for a term of three years. At the start of my own doctorate, I was told
that with a 40-hour week you won’t manage to finish your doctorate in
the intended time – in other words, 50% pay for more than 100% of a
full-time workload, on a fixed-term contract. Yet contracts are not always
limited to the duration of the doctorate. Many people find out only a few
months before their contract ends what percentage of a salary they will
receive next, how extensive their teaching load will be, and how long the
next contract will run. In short: working conditions are not optimal, and
choosing a path into academia requires a high degree of flexibility.

Working conditions in academia are also often described as precarious,
meaning delicate or problematic. The idea behind the strong competition
is that pressure fosters productivity. Yet built into the rules of the system is
also the recognition that pressure does not lead to good science. In the (pre-
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sumably rare) extreme case, researchers commit fraud (e.g., by fabricating
data, as in the Stapel affair or the Himalayan fossil hoax).

Double dependency

There are various ways to fund the doctoral phase: some pursue a doc-
torate alongside employment at a company, or scholarships that cover
basic living costs for a limited period (in Germany, for example, €1,100
per month for 36 months under the state of Saxony-Anhalt’s graduate
funding scheme, with social security contributions on top — German doc-
toral stipends are typically in this range). The most common path, how-
ever, is a position as a research associate. In that case, the supervising
person is also the person who evaluates the doctoral thesis. Being handed
120 first-year exam scripts to mark — cohort sizes at German universi-
ties are large — can, in extreme cases, come into conflict with the time
needed to work on one’s own research. Doctoral candidates therefore usu-
ally depend on their supervising professors both through their employment
and through the evaluation of their work – a situation referred to as double
dependency.

Family-unfriendly scholarships

Fixed-term positions, double dependency, meager scholarships, and
performance pressure all have clear negative effects on the health
of researchers, and thus on the quality of science. What about doc-
toral scholarships? Scholarships often run for one year with an
option for extension, or for up to three years. Researchers who
pursue a doctorate directly after school and their degree are about
24 years old, may already have a partner, and may wish to start a
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family. Under such uncertain contractual conditions, that is diffi-
cult. Scholarships often provide no option for parental leave and
must then simply be paused – or they keep running with no extra
time added at the end. They forbid additional income, which means
Germany’s earnings-related parental benefit (Elterngeld, normally
about two-thirds of prior net income) collapses to its statutory floor
of €300 per month. On top of that, they stipulate that the funded
person – including their spouse – must not exceed a certain max-
imum level of assets, so that funding through personal savings is not
an option either.

Depression, burnout, and #IchbinHanna

Across disciplines, a movement developed under the hashtag #Ich-
binHanna (“I am Hanna”) in response to a since-deleted explainer
video from the German Federal Ministry of Education and Research,
in which a fictional doctoral candidate named “Hanna” explains
the Academic Fixed-Term Contract Act (WissZeitVG). The move-
ment sharply criticized both the video’s matter-of-fact explanation
(https://www.youtube.com/watch?v=PIq5GlY4h4E) and working
conditions in academia more broadly. The German-language video
stated (my translation): “so that up-and-coming researchers also
have a chance to acquire this qualification, and so that one gen-
eration doesn’t block all the positions, universities and research
institutions are permitted to conclude fixed-term contracts under the
special rules of the WissZeitVG. This creates turnover, which fosters
innovative capacity.” In Germany, roughly 90% of academic staff
below professor level are employed on fixed-term contracts — far
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higher than in most other national systems (German-language source:
https://www.youtube.com/watch?v=H1wJmqpGhJc).

Does planning insecurity combined with massive competitive pressure
really foster innovative capacity? That seems unlikely: mental illnesses
such as burnout (Jaremka et al., 2020) and signs of anxiety disorders
and depression are widespread among researchers. According to a
review study by Satinsky et al. (2021), between 18 and 31% of doctoral
candidates suffer from depression.

Who can help?

Quick help for psychological difficulties is available, for example,
through the crisis hotline of TelefonSeelsorge (a German telephone
counseling service). Some universities have their own dedicated sup-
port offices, and cities often have local psychotherapy outpatient
clinics and counseling centers. Readers elsewhere can find local
crisis lines via findahelpline.com; in the US and Canada, dial 988,
and in the UK, Samaritans can be reached at 116 123.

Top-down change

Those who could change the system – that is, everyone with a permanent
contract – no longer suffer under it. For those who do suffer under the
system, it is unwise to try to change it by turning to professors, since
these are precisely the people who, as members of appointment commit-
tees, decide whether someone stays in academia by awarding professor-
ships. In extreme cases, this can lead someone to hold back criticism of
the work of more senior researchers out of fear of diminishing their own
chances at a professorship. On the other hand, professors have proven that
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they are very good at playing by the rules of the game. Admitting that
they obtained one of the rare and highly sought-after positions through the
quantity rather than the quality of their research would mean devaluing
themselves.

Further information

• The German registered association Respect Science advocates for
improving the working conditions of researchers.

• TED Talk on publication culture and Open Science: https:
//www.youtube.com/watch?v=c-bemNZ-IqA.
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In everyday thinking, the myth still often prevails that science is dis-
tinguished from non-science by the scientific method. That is false
(Feyerabend, 1975/2002). It is true that scientific knowledge differs from
everyday knowledge (and also from religion) through a higher degree
of systematicity (Hoyningen-Huene, 2013), but there is neither a single
nor a constant scientific method. Instead, methods have changed over
time, and that is a good thing. New technologies enable, for example,
highly precise measurements using electron lasers in physics, 3D scans of
artifacts that otherwise only a few people would ever see in the historical
sciences, or databases of voluntarily provided and anonymized chat logs
in the social sciences (https://db.mocoda2.de/c/home).

Just as a hammer or other tool is neither good nor bad, methods too are
neither good nor bad, neither right nor wrong – rather, they are used appro-
priately and correctly, or they are misused. Instead of “misuse,” the social
sciences speak of questionable research practices, or QRPs for short. They
allow researchers to generate the findings they want. In what follows,
widespread and frequently applied (John et al., 2012) techniques are pre-
sented (for an overview of the research on this topic over the last 50 years,
see also Neoh et al., 2023).

Exploratory versus confirmatory research

Understanding questionable research practices (QRPs) requires an impor-
tant methodological distinction: like a walk, a scientific investigation can
be exploratory or goal-directed. Sometimes one strolls freely through the
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area and makes new discoveries along the way; sometimes the destination
and the route are clear and determined in advance. In a scientific context,
this is referred to as exploratory and confirmatory research. In exploration,
at most the research question and rough features of the method are fixed; in
a confirmatory test, everything is worked out in advance: the procedure,
the possible results, and explanatory approaches for every possible out-
come. A specified hypothesis, together with its associated theory, is then
either confirmed or not. Neither approach is superior to the other. Investi-
gations in a largely unexplored area typically begin with exploration, while
more prior research goes hand in hand with clearer expectations. It should
be noted that these are extreme types of research that form a spectrum, and
that only both approaches together allow for genuine gains in knowledge.
Within the hermeneutic circle (simply put, “the circle of understanding”), a
general regularity is formulated from individual observations (induction),
and this regularity is subsequently tested against further individual obser-
vations (deduction). Depending on the regularity in question, deduction
can be logically necessary, since a further statement is inferred from pre-
viously established statements. The prior assumptions are called premises,
and the conclusion follows from them. If both premises are correct, the
conclusion must also be correct. Induction, by contrast, is not a necessity
(see the problem of induction, Hume, 1748/2011).

Figure 7: The hermeneutic circle.
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Problems arise when exploratory research is communicated as if it were
confirmatory – that is, when it is presented as though a single observation
had confirmed an already-formulated regularity, rather than merely having
inspired it. This kind of faulty logic is called circular reasoning: the reg-
ularity holds because of the observation, and the observation matches the
regularity.

Figure 8: Sketched and simplified procedure for confirmatory (left) versus exploratory
(right) research. Confirmatory approaches often depict a narrow and
controlled slice of a phenomenon. Exploratory approaches are not
goal-directed, the direction can change, and they are sometimes associated
with unforeseen results.

Methods of data generation

Scientific disciplines typically draw on many different methods. Ideally,
findings are independent of the method that led to their discovery, and
different methods lead to the same finding. Typical methods in the social
sciences include surveys using standardized questionnaires, behavioral
observation via video recordings followed by coding of behaviors by
multiple people who are unaware of the study’s purpose, indirect methods
(Schimmack, 2019) in which something other than the actual target
construct is asked about, behavioral measures such as eye tracking, or
simulation studies, which are used, for example, to compute traffic
flows on the basis of predetermined principles or to predict panic attacks
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(Robinaugh et al., 2021). These methods almost always generate data –
for instance, a table in which data are recorded across several columns
for each observational unit (e.g., each participant) and which are then
almost always analyzed statistically. The need for such analysis arises
because the observed regularities are not absolute laws in the sense of
“all male babies weigh more than all female babies,” but rather statistical
regularities in the sense of “on average, male babies weigh a few hundred
grams more than female babies shortly after birth, but not every male
baby weighs more than every female baby.” A comparison of height
by sex (figures for Germany) can be seen on Statista (German-language
page).

The following figure shows the frequencies of different values (a his-
togram). The further to the right a value is, the higher that value is (e.g.,
birth weight), and the higher the bar, the more often that value occurs.
The yellow and purple distributions overlap, meaning that not all yellow
values are lower than all purple values. On average, however, the yellow
values are lower.
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Figure 9: Histogram of two overlapping distributions (e.g., birth weight by sex).

Statistical significance

One of the most widely used methods in the social sciences (and
beyond) is statistics, more precisely inferential statistics. Here, a
limited set of observations (e.g., completed questionnaires from 100
people) is generalized to all possible observations (e.g., all people).
The relationships under investigation are rarely clear-cut, but statis-
tical regularities are common. Characteristic of this is a certain ele-
ment of chance. If you weigh a recently born male and female baby,
the probability is very high that the male baby weighs more. But
it also frequently happens that this is not the case. The situation is
similar with a fair coin – one that on average lands on heads and tails
equally often: it is unlikely that it will land on heads on all four out
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of four tosses, but landing on heads once or twice does happen fairly
often (specifically, in 6.25% of all cases in which a fair coin is tossed
four times in a row).
Inferential statistical tests now assume that, when looking at a sta-
tistical relationship (e.g., sex and birth weight, body weight and
height, parents’ education level and children’s education level),
“only chance is at work” (Röseler & Schütz, 2022). Under this
assumption, it is calculated how often an observed relationship of
the observed strength would occur if there actually were no rela-
tionship at all. For example: “that a fair coin lands on heads four
times happens in 6.25% of all cases.” For six tosses, it would be
1.5625%. The art of statistical inference lies in finding the point at
which researchers conclude that chance was not at work, because the
calculated probability is so low. Conventionally, this threshold lies
at 5%, for new findings sometimes at 0.5% (Benjamin et al., 2018),
and in especially precarious cases even lower. In technical terms,
this is called an alpha level or a significance level, and the calculated
probability is called the p-value. p-values below a certain percentage
(e.g., 5% in most social sciences1) are called statistically significant,
or significant at the 5% level. Researchers would thus say that a coin
is not fair if it lands on heads six times in a row (even at five times,
which occurs in 3.125% of cases). In doing so, they accept that, if
the coin actually is fair, they will draw a wrong conclusion in 5% of
all cases.
On the other hand, it is entirely possible for a coin to be unfair,
landing on heads 60% of the time and on tails 40% of the time, for
example.
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Figure 10: A single study does not yet lead to certain knowledge. Even if an investigated
relationship does not actually exist, it can appear by chance in the data.
And even if a relationship does actually exist, random fluctuations may
prevent it from showing up in the data. Open science practices are meant
to restore the state shown in the boxes on the left. From Röseler, L. (2021).
Wissenschaftliches Fehlverhalten [Figure]. https://osf.io/uf7gz/. Licensed
under CC BY-Attribution International 4.0.

1. In particle physics, statistical models are also used. There, instead of the 5% signif-
icance level (1.96 sigma), the 5-sigma criterion is applied, which corresponds to an
alpha level of 0.0000573%.
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Researchers’ degrees of freedom

Running complete studies multiple times is very costly. Although it is a rel-
atively reliable path to significant p-values, there are far more economical
solutions. Most analyses are many times more complex than the coin-toss
study described above. Let us consider the still very simple significance
test for a correlation coefficient. The coefficient is a number between -1
and 1 and describes the type of relationship between two variables (e.g.,
income and life satisfaction). 0 means that there is no relationship; pos-
itive values mean that when one variable has high values, the other also
has high values; and negative correlations mean that when one variable has
high values, the other tends to have low values. Figure 11 shows various
correlations.

Correlation

In statistical reports, r denotes a correlation coefficient, usually the
product-moment correlation (also known as the Bravais-Pearson cor-
relation). Correlation coefficients are standardized values for the
relationship between two variables. These could be the intelligence
and salary of several people, or the top speed and weight of several
cars. Correlation coefficients always lie between -1 and 1. Values
below 0 mean that the higher one variable is, the lower the other is
(negative relationship). Values above 0 mean that the higher one
variable is, the higher the other is too (positive relationship). 0
means that the two variables involved are independent of one another.
The 98 in parentheses is the number of observations minus 2 and is
referred to as degrees of freedom2. The correlation value of .420
(or 0.42) means that a positive relationship was observed. It is also
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important to note that this only captures an overall positive or nega-
tive relationship (linearity). So if, for example, a U-shaped relation-
ship is present (bottom right in the figure), this will not be reflected
in the correlation.

Figure 11: Various relationships between two variables and their correlation coefficients
(simulated data).

Although this is a very simple test, it involves many decisions. Even
after data collection, decisions must be made: Which of the surveyed
people will be used for the test? Should any people be excluded, and if
so, why (e.g., extreme values or implausible values)? How are the values
of the variables computed? Which type of correlation should be used (e.g.,

2. The logic behind the term is comparable to a formula with several variables and the
question: “How many variables’ values do I need to know in order to calculate the
rest?”
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Bravais-Pearson, Kendall, or Spearman)? Is there an expectation about
the direction of the correlation (directionality of the hypothesis)?

These questions correspond to degrees of freedom – that is, researchers
have flexibility regarding which options they choose. None of the options
is inherently superior to all the others, and each decision can be justified
to some extent. The problem with this flexibility is that the results depend
on it, and depending on the decisions made, the result can turn out to be
a positive correlation, a negative correlation, or no correlation at all. The
more complex the investigation and the statistical procedure, the greater
the flexibility in data analysis. In itself, these degrees of freedom are not a
bad thing; the problem only arises when just those results that are easy to
publish or that fit researchers’ beliefs are presented. This practice is called
HARKing (hypothesizing after the results are known) and constitutes a
form of circular reasoning. The hypothesis that was tested comes from the
data, which of course confirm it. Various solutions allow for the reduction
or complete elimination of degrees of freedom (e.g., preregistration). It is
also possible to communicate the approach as exploratory, i.e., not planned
or determined in advance.

In the data analysis process, the analogy of the “garden of forking paths”
is used. In a simplified (!) example in Figure 12, we have 3x4x4x4 =
192 different results, which together cover the entire spectrum of possible
conclusions – regardless of whether our hypothesis is correct or not.
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Figure 12: 192 different paths from a dataset to the (desired) result.
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Demonstrations of the garden of forking paths exist for a wide variety
of fields. The dependence of results on analytical choices has already
been shown for evolutionary biology (Gould et al., 2023), social policy
(Breznau et al., 2022), structural equation modeling (Sarstedt et al., 2024),
and linguistic analysis (Coretta et al., 2023).

Typos

Data are often analyzed using advanced software, and the results then have
to be laboriously transferred into the report. This is where typos quickly
creep in. Nuijten et al. (2016) developed an algorithm that automatically
detects reported significance tests, recalculates them, and flags inconsis-
tencies. They found that, in major psychology journals between 1985
and 2013, roughly half of all articles contained at least one error. These
“typos” were not entirely random; rather, erroneous values tended to favor
positive findings. Such transcription errors also occur in meta-analyses
(Lopez-Nicolas et al., 2022). And even citations are frequently erroneous:
across various scientific disciplines, (Smith & Cumberledge, 2020) found
that in 25% of all examined citations, the claims attributed to the cited
work were not actually supported by the original articles.

P-hacking

The p-value in statistical tests indicates how probable the observed pat-
tern is, given a previously assumed pattern. For a correlation, this usually
means: how probable is it to observe a correlation of the magnitude found,
if there is actually no relationship (i.e., r = 0) between the variables under
investigation? Concretely, this could mean: how probable is it that, in
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my dataset of 100 people, the correlation between intelligence and age is
exactly r(98) = .420, if I actually assume that the two variables are unre-
lated?

The assumption of no relationship built into the significance test is called
the null hypothesis. If the observed pattern is extremely improbable under
the null hypothesis (often below 5%), this is referred to as a statistically
significant relationship. It is important to note that significance here is to
be understood purely in the statistical sense. The question of how mean-
ingful a finding is for the world and for life cannot be answered with statis-
tics within this framework. Because p-values are probabilities, they lie
between 0 and 100%.

Among the QRPs (questionable research practices), p-hacking is another
category that in turn encompasses several distinct techniques. P-hacking
refers to researchers using their degrees of freedom to make the p-value
“significant,” i.e., to bring it below 5%. A frequently mistaken assump-
tion about p-values is that high p-values indicate the absence of a rela-
tionship, or that p-values are only low when a relationship actually exists.
In fact, p-values tend to be small when a relationship exists that can also
be detected given the amount of data collected. If no relationship exists,
p-values are uniformly distributed, meaning that all p-values occur equally
often. Given the definition above, it follows directly that out of 100 studies
conducted, roughly five will tend to show a significant relationship even
if none actually exists. This fact enables a variety of p-hacking methods.
Simmons et al. (2011) showed that the probability of obtaining a signifi-
cant result, when there is actually no relationship in the data, can rise from
5% to roughly 60%. Figure 13 shows the distribution of p-values at various
levels of statistical power (i.e., the probability of detecting a relationship
of a given size when it actually exists).
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Figure 13: p-values are uniformly distributed when there is no actual difference or
relationship, i.e., when the null hypothesis holds. The higher the statistical
power, the more the distribution shifts into the range of statistical
significance.
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The chance of obtaining significant p-values even when the tested hypoth-
esis is not actually true can be increased by “slicing” the sample (e.g.,
analyzing only women, only employed people, or only people older than
30), by collecting additional data (“optional stopping”), or by using several
central variables (for example, measuring intelligence with three different
tests and correlating each test individually with age). Even changing small
parameters in the statistical tests (e.g., using a non-parametric Spearman
correlation instead of the Bravais-Pearson correlation) increases the
chances of a significant result (see Table 6). Some forms of p-hacking
can be tried out here, for example: https://shinyapps.org/apps/p-Hacker/
(Schönbrodt, 2016). Wicherts, Veldkamp, Augusteijn, Bakker, Aert, et al.
(2016) propose a checklist for avoiding p-hacking.

Table 6: Probability of obtaining a significant result through the application of various
p-hacking techniques, following Simmons et al. (2011), Table 1. The
proportion of significant results should correspond here to the fixed 5%
alpha error rate.

Technique Proportion of significant results

Multiple dependent variables with a
correlation of r = .5 among them

9.5%

Collecting 10 additional observations per
group

7.7%

Including an additional variable (e.g., sex)
in the model

11.7%

Excluding (or retaining) one of three
groups

12.6%

All techniques combined 60.7%
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Faking data for dummies

Hussey and Hughes (2018), and building on this, Sarstedt and Adler
(2023), self-mockingly proposed methods to make p-hacking even
easier. On this website, users can generate random numbers within
a desired range: https://mktg.shinyapps.io/extra-p_ointless/.

Selective reporting

When planning a study in the social sciences, the question of how a partic-
ular construct should be measured often arises. For intelligence, political
opinion, life satisfaction, and many other variables, there is no single test
but rather many measurement instruments, some of which are only weakly
related to one another. At the same time, the theories being tested are usu-
ally vague and do not dictate which measure should be used to assess a
construct. Theories are thus often agnostic with respect to measurement
methods – or put differently, according to the theory it does not matter how
the variable is measured. If a study then chooses different measurement
methods for a construct, the theory would need to be confirmed equally
across all tests. If that is not the case, the theory should be revised. Con-
trary to this recommendation, and in order to maximize the chances of
publishing their results, researchers often report results selectively. Instead
of all results, only the “best-fitting” or “most exciting” ones are reported.
As has become clear above in the discussion of p-hacking and researchers’
degrees of freedom, this leads to relationships being found that do not actu-
ally exist. If, for example, three different and independent measures are
used to test a hypothesis, the probability of at least one significant result
rises from 5% to 14%.
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Selective reporting: out of a hundred correlations involving unrelated
random numbers, on average five significant ones are to be expected
– and this occurs purely by chance. None of them, taken together, are
significant. In order to improve their chances of publication, and thereby
their chances of a permanent position, researchers frequently report
only the most exciting part of their results, thereby distorting the overall
picture.

Figure 14: One hundred correlations, five of which are significant by chance.
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Optional stopping

If a study’s test is rerun after each new observation and the p-value is exam-
ined each time, there are two possible trajectories for the p-value: if a rela-
tionship actually exists between the variables being studied, the p-value
will converge – that is, it will approach a particular value, namely 0. The
probability of the observed result becomes ever lower as the sample grows
larger. A coin landing only on heads is more unusual if it has done so 100
times than if it has done so three times. If no relationship exists, the p-value
will not, as is often expected, tend toward 1, but rather fail to converge.
It will instead behave chaotically, sometimes high and sometimes low –
and will also turn out significant more often than expected. Researchers
exploit this fact through optional stopping: they keep collecting data until
their hypothesis is confirmed. Incidentally, this problem does not arise for
correlations and other effect size measures. These converge, depending
on their magnitude, from around 250 observations onward (Schönbrodt &
Perugini, 2013).

Presenting calibrated models as planned models
(overfitting)

Complex statistical models have many adjustable parameters. It is pos-
sible to make all the countless decisions before applying a model to data,
but typically other calibrations are tried out, and one that was not origi-
nally planned turns out to fit better. This means, for example, that cer-
tain variables are included in a model in order to maximize its predictive
power. Many models even involve various algorithms that decide, based
on fixed rules, what the model should look like. A model is thus fitted

96



Methods

Figure 15: Convergence of p-values and effect sizes depending on effect size: effect
sizes (here: correlation coefficients) converge with large samples; p-values
only converge if the correlation is not 0.
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to a data pattern. If this procedure is disclosed transparently, that is per-
fectly fine. Problems arise when the best model found is presented as
though it had been the planned model. In social science research, the
pattern present in the data almost always also contains noise – that is,
fluctuations attributable to measurement imprecision or other unknown
influences. These influences fluctuate by definition (in psychological test
theory, for instance, this is referred to as error, an unsystematic fluctuation
that averages out with repeated measurement). In future investigations, a
model fitted to past data and the noise it contains will necessarily perform
worse, because the noise in the new data is different. This is referred to as
an “overfitted” model, or overfitting.

People’s tendency to confirm themselves (confirmation
bias)

A particular problem in scientific methods is confirmation bias. The
phenomenon is not clearly defined in the scientific literature (Nickerson,
1998); here, I mean by it the tendency of people (or, in this context,
researchers) to find the patterns they expect to find. Confirmation bias is
itself based on scientific findings (Oswald &Grosjean, 2004) and has been
applied by researchers to themselves (Mynatt et al., 1977; Yu et al., 2014).
These considerations lead close to logical absurdities and paradoxes –
self-mockingly, Nickerson (1998) himself notes the possibility that all
findings on confirmation bias could themselves merely be products of the
same bias, which would in turn confirm the existence of confirmation bias
(p. 211). In practice, there is a risk that researchers do not uncover truths
but instead twist everything so that their preconceptions are confirmed.
Ludwik Fleck (1935/2015), in his sociology of science – which forms
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the foundation for Thomas Kuhn’s work on scientific revolutions (Kuhn,
1970/1996) – goes a few steps further still: he argues for a model of
scientific progress in which the goal is not to get closer to the truth, but to
understand problems, to the best of one’s knowledge, against their social
background. This does not mean that there is no truth, only that truth is
not simply the correspondence of statements with facts. In place of this
correspondence theory of truth, often held by researchers, Fleck offers a
consensus theory of truth: the agreement of many people is what matters.
Scientific facts are not “discovered” by individuals but created by a
collective. Confirmation bias then manifests itself in the way findings
that contradict the consensus are screened out, and current views are
clung to for as long as possible. Although philosophical theories of truth
go beyond the scope of this book, it should be noted that none of the three
theories of truth (correspondence, consensus, and coherence) is tenable
(Albert, 2010,Münchhausen trilemma).

Data fabrication

The practices discussed so far are often described as questionable. Some
researchers consider this a euphemism, since as a researcher one ought
to know enough to recognize that the techniques described above are not
scientific and clearly do not serve the generation of knowledge. They
clearly hinder scientific progress, endanger trust in science, and lead to
enormously high costs. Unfortunately, many researchers today are still
unaware of these problems. “That’s just how we were taught, and how
it’s always been done,” people say. That certain studies could not be repli-
cated was, in some cases, already known to many people – they simply did
not think it possible to record this in the scientific record. In any case, the
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term “questionable research practices” suggests that researchers engaging
in them are operating in a gray area. In my view, this is only the case
because, if researchers lost their jobs for having engaged in p-hacking, not
many researchers would be left.

The situation is different when it comes to fabricating and manipulating
data. How often data manipulation or fabrication occurs is uncertain,
and estimates are difficult to make. A meta-analysis of surveys on
this topic estimated that between 0.86 and 4.45% of all researchers
admitted to having manipulated data. 72% reported having engaged in
questionable research practices (Fanelli, 2009). Stroebe et al. (2012) later
compiled examples of data fabrication and recommended peer review and
replication as fraud detectors. A more recent and extremely extensive
study by Gopalakrishna, Wicherts, et al. (2021) reported that 8.3% of all
respondents had manipulated or fabricated data and 51.3% had engaged
in questionable research practices (Table 2), confirming the scale of the
problem. Depending on the discipline, further problems arise, such as
the reuse of previously published biomedical images, which was found
in approximately 3.8% of all published articles (Bik et al., 2016). While
it was long assumed that fraud occurs only in very rare cases, the real
problem is above all that it is rarely uncovered. How often research
is “fake” has hardly been studied, and estimates vary widely (Heathers,
2024). Cases of fraud that have come to light have resulted in the
retraction of the respective scientific articles and often in consequences
for the careers of those responsible. Retractionwatch.org maintains
the world’s largest database of retracted articles (as of December 2023:
49,628 articles): http://retractiondatabase.org/.

It is a rather bleak fact that methods for fabricating data are, on the one
hand, becoming ever easier (Naddaf, 2023), while researchers who expose
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errors are occasionally sued. For example, the authors of Datacolada.org,
who have already exposed problems on multiple occasions, were sued
by Francesca Gino over one of their publications (https://datacolada.org/
109), in response to which thousands of researchers raised funds to support
the financial cost of the legal proceedings (https://www.gofundme.com/f/
uhbka-support-data-coladas-legal-defense).

Further information

• This podcast discusses how, and whether, fraud in science can be
stopped: https://freakonomics.com/podcast/can-academic-fraud-
be-stopped/.

• Daniel Lakens describes what the replication crisis felt like from the
perspective of a young researcher: http://daniellakens.blogspot.com/
2020/11/why-i-care-about-replication-studies.html.

• Nagy et al. (2024) systematically catalog questionable research
practices (QRPs) in their Bestiary.
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Theories

Scholarship works with theories. What these look like exactly differs
considerably between disciplines. While the natural sciences often work
with mathematical models, that is, formulas that describe the relationship
between variables explicitly and unambiguously and allow predictions, the
social sciences often work with verbal theories in the style of “X and Y
are positively related” or “the higher X, the higher Y,” and the traditional
humanities work, for example, with verbal explanations. Verbal theories
have the advantage of tending to be easy to understand and broadly appli-
cable, but the terms they use are often subject to individual, cultural, or
temporal influences, and discussants risk talking past one another in schol-
arly discourse.

For formal theories, all variables involved are precisely defined, and such
theories often have a strongly restricted scope of validity (e.g., many
physical laws hold only under tightly controlled conditions, such as in a
vacuum, at a specific temperature, and so on). A concern raised in the
context of the replication crisis is that theories are not clear enough to
predict when replications will succeed, and that this is one of the causes
of low replication rates (Buzbas & Devezer, 2023a; P. Smaldino, 2019).
A theory about the consequences of identifying with gender roles, for
example, must account for changes in gender roles and their particularities
across different countries. It is hardly surprising that one and the same
experiment on this topic yields different results in the USA in 1980 than
in Germany in 2020. What is problematic, however, is that – even though
such qualifications seem sensible and necessary for many social-science
theories – statements to this effect are rarely made.



Theories

Verbal theories are not inherently less scientific: within their respective
fields, scientific theories always stand out from everyday explanations
through their particularly high degree of systematicity (Hoyningen-Huene
& Kincaid, 2023). However, fields that place value on predicting events
cannot do without formal theories (Muthukrishna & Henrich, 2019). It
should be emphasized that certain disciplines place no value on prediction
(e.g., history, or fields that proceed primarily hermeneutically). Fields
such as psychology, quantitative sociology, and parts of the humanities
(“digital humanities”) are currently moving closer to formal models – in
social psychology, there was already a call to formalize theories once
before, during a crisis in the 1960s (Lakens, 2023). Because theories
lacking objectivity are rarely used by different researchers and, due to
their flexible interpretation, are difficult to refute, an enormous quantity
of useless theories has emerged there (C. J. Ferguson & Heene, 2012).
Among these are also mutually contradictory theories: for instance,
Banker et al. (2017) argued that “ego depletion,” that is, the depletion
of self-control resources, causes people to rely more on cues from other
people (p. 2), whereas Francis et al. (2018) conjectured the opposite –
that depletion prevents cues from being processed at all. Both provided
data supporting their respective theories, yet a follow-up investigation
found that both were probably wrong (Röseler, Schütz, et al., 2020).

Robinaugh et al. (2021) discuss examples of the conversion of verbal the-
ories into formal ones. This process results in new, more specific pre-
dictions that can be derived. When a theory makes more precise predic-
tions and the set of possible events that would contradict the theory grows,
this represents an increase in empirical content (Glöckner & Betsch, 2011;
Popper, 1959/2008).
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Empirical Content and Strong Inference

Theories can differ in their empirical content. Concretely, this refers
to how specific their predictions are. Themore possible observations
would refute a theory, the higher its empirical content.
Let us take the case where our theory allows us to make predictions
about what kind of car will drive along a particular street at a par-
ticular time. The figure shows all possible cars. For simplicity,
our example world contains only nine different cars, which differ
in terms of the features color (green, black, blue), rear spoiler (with,
without), and wheel color (gray, yellow).

• The purple theory states: The observed car has gray wheels.
Without a theory, all cars would be equally likely to us; the
purple theory “forbids” the car from having yellow wheels. It
rules out 3/9 of the cars.

• The red theory states: The observed car is blue. The prob-
ability of refuting it would be higher in our sample world,
namely 6/9. Because the red theory is, so to speak, a riskier
bet a priori – that is, without further prior knowledge – it has
higher empirical content.

• The orange theory has the highest possible empirical content:
The observed car is green, has no rear spoiler, and has gray
wheels. It rules out all but one case (8/9).

The example with the nine possible car types is, of course, highly
simplified. In certain fields, however, researchers occasionally
manage to reduce the results of experiments to a few possible out-
comes and thereby weigh theories against one another. Platt (1964)
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calls this the method of strong inference and argues that fields pro-
ceeding this way experience rapid progress. Building on this, P. E.
Smaldino (2017) calls for more theories or models and argues that
researchers should always offer several explanations simultaneously.
This can have the advantage that researchers do not commit to a
single possibility and that theories are not treated as someone’s prop-
erty. As long as a theory can be clearly attributed to one person, there
is a risk that criticism of the theory will be confused with criticism
of the person.

Figure 16: Visualization of theories with different empirical content.

Deduction and Induction

Methods are being reformed, and scientists discuss how science works,
how it should proceed, and which methods are sensible or nonsensical. As
becomes clear from the hermeneutic circle, one path to knowledge consists
of combining a set of observations into a regularity or law (induction),
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while another consists of deriving predictions about observations not yet
made from a law or theory (deduction). This distinction is repeatedly
neglected or obscured in scientific discourse. For example, a debate in
consumer psychology revolved for years around which path was better,
even though both paths are equally legitimate and complement one another
(Calder et al., 1981). Something similar applies to conflicts between
qualitative and quantitative approaches, which, formally considered, tend
to proceed inductively or deductively, respectively (Borgstede & Scholz,
2021). In replication research, the inductive side has traditionally received
more attention (Hüffmeier et al., 2016; Yamashita & Neiriz, 2024): every
difference between a replication study and the original study is cited as
a possible cause for the failure of the replication attempt, in order to
preserve the trustworthiness of the original findings (R. F. Baumeister &
Vohs, 2016). This overlooks the fact that minor differences between the
original and replication study (e.g., the measures used, the average age of
participants, the language of the instructions) are not captured by theories
– and should therefore, according to the theories themselves, be irrelevant
– and that a failed replication clearly reveals the limits of the theory, from
which recommendations for modifying the theory can be derived (Cesario,
2014; Dijksterhuis, 2014). An overview of the approaches can be found
in the following table.

Table 7: Characteristics of inductive and deductive approaches; taken and adapted from
an unpublished manuscript by Röseler & Leder.

Facet Deductive Approach
(Theory-driven)

Inductive Approach
(Phenomenon-driven)
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Generalizability lies in… the theory: it is maximally
general a priori (e.g., it
holds for all people until
demonstrated otherwise).

the data: only diverse
observations across
different contexts allow the
assumption that the
phenomenon is universally
valid.

Change in generalizability Generality decreases with
more observations.

Generality increases with
more observations
(provided they are
confirmatory in nature).

Type of test Predictions of the theory
are primarily subjected to
attempts at refutation.

Repeated observations
confirm the original
individual case.

Choice of study setting Student samples from a
single country or
laboratory studies are
unproblematic.

The context of the study
should reflect the target
conditions (e.g., when
applying the findings in
practice) as closely as
possible.

Auxiliary Hypotheses

Replication failures can be explained via the following paths:

1. Type I error in the original study: The original finding was merely
a chance finding or arose through scientific misconduct (see the
chapter “Researchers’ Degrees of Freedom”).

2. Type II error in the replication study: The original study was correct;
the replication study made an error (e.g., too small a sample, poor
calibration of instruments, or scientific misconduct).
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3. Boundary condition of the phenomenon: Both studies are trust-
worthy. The replication study differs in a way that matters for the
theory (e.g., the replication study was conducted with people from
a different country, and the theory only holds for people from the
“original country”).

Option 3 is constructive and accepts both individual findings as robust.
This requires a theoretically relevant difference between the original and
replication study, which, given the infinite number of possible important
factors, applies in most cases (Smedslund, 2015). This path can then
be used to modify the theory or to formulate an additional theory that
must likewise be taken into account for the context of the study. Things
become difficult when researchers conduct a replication to the best of their
knowledge, it “fails” (that is, it does not demonstrate what it was meant
to demonstrate), and other researchers criticize the replication for having
done something “wrong.” After Hagger et al. (2016), in consultation
with Roy Baumeister, tested his ego depletion theory with a large-scale
study, R. F. Baumeister & Vohs (2016) criticized that it should have been
expected from the outset that the study would not work, and described the
study as misguided. Vohs, who was a co-author of the critique, conducted
another large-scale replication study a few years later. Although this time
the researchers were able to follow their own advice, they again failed to
find the expected effect (Vohs et al., 2021).

Further Information

• Ramminger (2023) discusses a philosophical perspective on the rela-
tionship between theory, measurement, and replication.
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• Yarkoni (2019) argues that replication problems originate in the gen-
eralization of results to theories.

• In a talk, Fanelli discusses the complexity of research as a reason for
replication failures and proposes a theory for measuring complexity
(Fanelli, Tan, et al., 2022). A video of a talk is available online:
https://www.youtube.com/watch?v=CEAV7420jBk.
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Epistemic Problems

Epistemology is the theory of knowledge and a subfield of philosophy. It
examines how science works, how knowledge can be produced, and what
the difference is between knowledge and belief. Epistemological expla-
nations for replication failures go beyond the problems arising from the
scientific system or scientific methods, but they are also subject to dif-
ferent standards of testability. Whereas approaches from the philosophy
of science sometimes allow for predictions that can be tested empirically
(that is, through observation), the philosophical problems themselves can
only be thought through and discussed.

Robustness and Historicity of Phenomena

Under what conditions is it unsurprising that replication attempts fail?
One possibility is to assume that the phenomena under investigation
are extremely sensitive or unstable. Discovering regularities in human
behavior analogous to planetary motion may simply not be possible
(Smedslund, 2015). The current assumption held by many social sci-
entists is that regularities exist that do not apply to every single person
without exception but hold “on average.” In this regard, Lewin (1930)
distinguishes between Aristotelian and Galilean lawfulness, with Aris-
totelian regularities being the ones predominantly studied in the social
sciences. A regularity or natural law in the Aristotelian sense might be,
for example, that men are taller than women.

An evenmore extreme theory holds that people are aware of the knowledge
that exists about them and dynamically adjust their behavior accordingly,
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meaning that the behavioral sciences are always historical, or time-bound:
if it is discovered that people tend not to change their decisions even when
doing so would improve their situation, this fact is brought to their atten-
tion through science, and they can then adjust their behavior. This, inci-
dentally, is the status quo bias, whereby people prefer the current situ-
ation over an alternative one (Samuelson & Zeckhauser, 1988; Xiao et
al., 2021). Another example is the gender pay gap, that is, salary differ-
ences betweenmen and women independent of qualification. Ideally, once
people become aware of the problem, they change the system so that the
pay gap no longer exists. This perspective cannot be applied to all areas
of the social sciences, however. For instance, knowing about one’s own
pain sensitivity, intelligence, or personality has no influence on that very
trait.

How strongly phenomena can differ due to seemingly minor differences in
study design has already been examined at themeta-scientific level. Landy
et al. (2020) had several hypotheses tested by several different researchers,
and factors that, according to the underlying theories, should havemade no
difference at all led to opposite results. Applied to replication research, this
means that in certain research areas it may be entirely unclear under which
conditions particular relationships can be observed. An evenmore extreme
example is a study by Breznau et al. (2022). The researchers had 73 teams
use the same data to test the hypothesis that “immigration reduces public
support for social policy measures.” The findings ranged from large neg-
ative to large positive associations and could not be explained by method-
ological choices. They recommend exercising modesty when researching
complex human behavior.
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Further Reading

• Fleck (1935/2015) proposes a theory of scientific progress in which
knowledge is always subject to a so-called thought style that is
optimal for the given social situation. In doing so, he draws on
elements of evolutionary theory, sociology, and psychology.

• Shiffrin et al. (2018) discusses the apparent paradox between falli-
bility – that is, the fact that science is not always right – and scientific
progress.
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Solutions

Let us take a look at what has changed across the academic disciplines
since 2012. Many of the developments discussed originate from psy-
chology. The changes are categorized according to which part of the
problem they primarily address: is the purpose of a new requirement to
improve the system, the methodology, or the theories of research? Some
solutions are linked to many problems simultaneously, while others are
tailored to specific issues. The figure provides a rough breakdown.
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Figure 17: Proposed solutions and the problems in research they address.
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Approaches that aim to change the system hold the greatest potential,
because in order to earn a living within the system, researchers have to
play by its rules. And as long as publications are the currency, and papers
with catchy titles and clear-cut results are judged to be of higher quality,
researchers are motivated to search for catchy titles and clear-cut results
rather than for the truth.

Overall, a positive development is visible (Korbmacher et al., 2023), and
a shift in the incentive structure is being pursued. This shift can be under-
stood as an alignment of the scientific system with the Mertonian norms
(named after Robert Merton) (Merton, 1973): (1) Communalism: scien-
tific knowledge should belong equally to all researchers, in order to foster
collaboration. (2) Universalism: scientific merit is independent of the
socio-political status and personal attributes of those involved. (3) Dis-
interestedness: scientific institutions act in the interest of science and not
for personal gain. (4) Organized skepticism: scientific claims should be
subjected to critical scrutiny before they are accepted.

In a blog post, Nosek recommends a framework of measures by which the
desired changes should be made, one after another …

1. possible (e.g., through infrastructure such as online repositories
where research materials can be uploaded publicly and free of
charge),

2. easy (e.g., through low-barrier offerings, multilingual instructions),
3. normative (e.g., through scientific communities that jointly stand

behind calls for improvement),
4. rewarded (e.g., through designated awards), and

https://www.cos.io/blog/strategy-for-culture-change
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5. required (e.g., through minimum standards demanded by journals or
funders)

… in that order. How the various approaches look in practice for the dif-
ferent actors — politics, universities, or journals — is discussed below.

Figure 18: Culture change in science, according to Nosek
(https://www.cos.io/blog/strategy-for-culture-change).

Politics

Internationally, political parties and associations clearly stand behind
open science and open access. For example, UNESCO recommends
universal access to scientific knowledge regardless of country of origin,
gender role, political borders, ethnicity, or economic or technological
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barriers (UNESCO, 2020, p. 3). Working groups for policy instruments,
funding, and infrastructure have been established accordingly. The G7
advocates for scientific integrity, academic freedom, and open science.
Open access as well as transparency of scientific procedures are likewise
called for by the European Union. Infrastructure (e.g., the European Open
Science Cloud) and various open science research projects are being
funded specifically. In addition, the free publication and peer-review
platform Open Research Europe is available for all research projects
funded by the EU.

In Germany, the government of the 2021–2025 term had set out, in its
coalition agreement, to “establish open access … as a common standard”
(my translation from the German). Individual federal states such as North
Rhine-Westphalia have, through alliances of their respective universities,
developed open access strategies (DH.NRW | AG Openness, 2023) and
are currently working on open science strategies. Other countries, such
as Sweden, have already developed national guidelines on open science.
Regarding the problem of abuse of power, the issue is acknowledged, for
example, in a position paper by the state of North Rhine-Westphalia, but
it is understood as an isolated case rather than a systemic problem (com-
mentary on this).
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Universities

Which universities are doing something? (Examples)

The topic of open science has already found resonance at many uni-
versities. While most German universities have (time-limited) funds
for open access publications, some have gone further and established
open science policies (e.g., FAU Erlangen), open science centers
(e.g., LMU Open Science Center; Cologne Open Science Center;
Münster Center for Open Science; Mannheim Open Science Office).
In addition, the Leibniz Information Centre for Economics in Kiel
and the Leibniz Institute for Psychology support replication research,
for example with a replication journal (https://www.jcr-econ.org) or
through a Juniorprofessur (a fixed-term professorship, roughly com-
parable to a tenure-track assistant professorship) in psychological
metascience. At TU Dortmund, a needs assessment on research
data management was conducted (Kletke et al., 2024). One of the
largest centers for metascience in Europe has formed in Tilburg, the
Netherlands. Germany’s 15 largest universities (U15) have come
out in favor of transparent and fair evaluation of research perfor-
mance and have signed CoARA, and an alliance of many large sci-
entific societies and communities (e.g., the DFG and the Fraunhofer
Society, Germany’s largest applied-research organisation) has like-
wise spoken out in favor of traceable research assessment. The
Berlin universities have developed a joint open access declaration,
the Berlin Declaration, and in France the University of Sorbonne
is a pioneer: together with the University of Amsterdam and Uni-
versity College London, it signed a declaration on the publication of
research data. Since 2024, the University of Sorbonne has also termi-
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nated its contract with Clarivate for the use of the “Web of Science”
research database and has since been working with the open source
software “OpenAlex” (Priem et al., 2022a).
Using the Road2Openness tool (https://road2openness.de/tool/),
institutions can conduct a self-assessment across various open sci-
ence topic areas and receive a report.

Universities bear a particular responsibility for the long-term development
of scholarship, since they employ researchers and make the selection
decisions for the few permanent positions in academia. If, for decades,
professorships are awarded on the basis of subjective, non-reproducible
criteria that are secondary to good scholarship (e.g., number of publi-
cations in journals), this can have a negative effect on the development
of scholarship. Addressing this problem, a research award from the
Berlin Institute of Health (BIH), given annually for projects that promote
scientific integrity, was awarded to a project developing objective and
meaningful selection criteria for professorships (Gärtner et al., 2022;
Schönbrodt, Gärtner, Frank, Gollwitzer, Ihle, Mischkowski, Phan,
Schmitt, Scheel, & Schubert, 2022). To reduce the role of quantitative
indicators, some universities and DFG grant applications already apply
the “N-best” or, commonly, “5-best” rule (Frank, 2019): only the five
best research articles may be listed in an application, and evaluation may
be based only on these.

Within universities, libraries also play an educational role regarding
research data management and publication culture (Schmidt et al., 2024).
Through them, the research process can be supported with appropriate
infrastructure (e.g., for storing and publishing research materials and
results) (Quan, 2021), preventing a “dependency on a few commercial
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providers” that “limits what is achievable in research in terms of working
methods and questions” (Siems, 2024). Because of the high value
placed on “freedom of research,” universities have hardly any means
of obligating their members to comply with open science strategies.
This could put them at risk of becoming less attractive to researchers:
if, for example, prominent journals can no longer be accessed through
the university because contracts with closed-access journals have been
terminated, this makes researchers’ work harder. For instance, the
law faculty of the University of Konstanz successfully challenged the
university’s attempt to make use of a statutory secondary publication
right (Zweitveröffentlichungsrecht, § 38(4) of the German Copyright Act)
compulsory — unlike in most countries, where self-archiving depends
on the publisher contract, researchers in Germany hold a statutory right
allowing them to also publish their own work themselves once it has
appeared in a journal (e.g., via their own websites), but in Konstanz they
could not be obligated to make use of it.

Another lever available to universities is the subsidizing of publication
costs at journals. If, for example, the scientific quality of a journal is called
into question, a university can stop this subsidy.

An often neglected role also falls to university teaching. Because of the
freedom of research and teaching, and because degree programs are typ-
ically planned well in advance, integrating new topics such as open sci-
ence is difficult. Researchers for whom the topic plays a role in their
teaching proactively share their materials, jointly develop curricula, and
network in large international initiatives such as the Framework for Open
and Reproducible Research Training (FORRT.org) (C. R. Pennington &
Pownall (2024), for example, have published concrete proposals for inte-
grating open science into teaching).
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Institutes and associations

Scientific fields live above all through communities — that is, through
everyone doing research in that area. They organize themselves into
societies (e.g., the German Psychological Society), interest groups, or
similar communities. In Germany, the German Research Foundation
(DFG) holds a special position, distributing several billion euros in
research funding, provided jointly by the federal government and the
sixteen federal states (Bund und Länder). As one of the most important
national institutions, its stance on open science carries considerable weight
(Deutsche Forschungsgemeinschaft, 2022a). Experience shows, however,
that change tends not to originate from the DFG itself; rather, the DFG
waits for impulses from the individual disciplines. In psychology, ZPID
(the Leibniz Institute for Psychology, Germany’s national psychology
infrastructure centre) also promotes infrastructure through journals,
preprint servers, and other means, and in economics, the ZBW (Leibniz
Information Centre for Economics) manages important information and
journals. Interdisciplinary organizations such as CERN and international
actors such as the American Psychological Association also commit to
openness and transparency.

Many new associations have also emerged as part of the open sci-
ence reform. FORRT (Azevedo et al., 2019), an interdisciplinary
initiative led largely by early-career researchers, advocates for embed-
ding open science in teaching. The Society for the Improvement of
Psychological Science (SIPS) is devoted to improving psychological
research. So-called “grassroots” initiatives (that is, movements driven
by young researchers) have emerged at numerous universities and
joined together into networks such as the Network of Open Science
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Initiatives (NOSI) and “Reproducibility Networks” such as the German
network GRN (https://reproducibilitynetwork.de), the UK’s UKRN
(https://www.ukrn.org), and others. There are also alliances of professors
aiming to change short-term contracts (e.g., the Network for Sustainable
Science, https://netzwerk-nachhaltige-wissenschaft.de).

Journals

Scientific journals are seen as the stage of scholarly discourse and largely
determine which elements of the research process become part of the “sci-
entific record” and are thus deemed relevant. They are also responsible, as
organizers of the peer-review process, for quality assurance in science. In
response to the lack of quality, there are already detailed recommendations
for how journals should be designed; new journals are being founded; tools
for automated checking, such as the Problematic Paper Screener, are being
developed; and entirely new review and publication models are being pro-
posed and widely implemented. The Journal of Open Source Software, for
example, is built on publicly viewable program code, and its infrastructure
can easily be copied and adapted for other journals.

Recommendations

Editors who want to engage with open science practices for the journal
they manage can now draw on a comprehensive guide (Silverstein et al.,
2023). Proposals were collected via a discussion platform (Journal Edi-
tors Discussion Interface, JEDI), which explains what things like Regis-
tered Reports, open peer review, diversification, and open access actu-
ally are and how they can be implemented at a journal. Potential wor-
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ries and fears are addressed and answered. The Committee on Publica-
tion Ethics (COPE) likewise engages in education and training to help edi-
tors, universities, and research institutions deal with problems in the pub-
lication system. It offers, for example, guidelines on the circumstances
under which publications should be retracted or corrected, and on what
ethical standards a review process should meet. Editors who manage jour-
nals for commercial publishers and want to switch to systems entirely
in the hands of researchers can get help migrating from commercial to
open, free systems through university libraries, and can manage journals,
for instance, with the Open Journal System (see, e.g., the OJS network).
The Directory of Open Access Journals (DOAJ) maintains a database of
more than 20,000 open-access journals. Reviewers of research articles can
access training materials and guides through the Reviewer Zero Initiative
(https://www.reviewerzero.net, https://osf.io/e7z5k/wiki/Resources/).

Scholar-led publishing

An alternative to publishing research in traditional, commercial jour-
nals is offered by Diamond Open Access journals, which are run by
researchers themselves. Diamond open access specifically means
that peer-reviewed articles can be published and read free of charge
(Armengou et al., 2024). Six practical guidelines for how to go
about this are summarized in Wrzesinski (2023). This development
goes hand in hand with the cancellation of contracts between uni-
versity libraries and publishers, such as MIT’s boycott of Elsevier
journals, which saves roughly 2 million US dollars annually. A dis-
cussion paper by the Leopoldina, Germany’s National Academy of
Sciences, further proposes that the rights to journals should remain
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with researchers or scientific societies, and that journals should be
financed in the long term through public funds.

Highlighting open science practices

It is known from psychology that motivation works just as well through
reward as through punishment (Balliet et al., 2011). In road traffic, where
until fairly recently there were only penalties for breaking the rules, this
insight is reflected, for example, in speed displays that give drivers a
cheerful smiley face for keeping to the speed limit. Scientific journals
highlight compliance with recommendations (e.g., publicly available
datasets) with badges. Since 2024, the journal Psychological Science has
gone so far as to abolish badges again, because open science is now the
standard for all articles there. The website topfactor.org lists journals
and their compliance with various standards in a ranking. Finally, every
reward system carries the problem that actors orient their behavior toward
the rewards and, in doing so, try to take shortcuts (Klonsky, 2024).

Review systems

Science is characterized by systematicity (Hoyningen-Huene, 2013).
Arguably the most systematic way to guarantee scientific quality assur-
ance would be a study that compares different systems. While current
research is attempting something similar (Soderberg et al., 2021), alter-
native review systems are currently being tried out. As a reminder:
researchers write articles, which they submit to journals. There, a person
(the editor) is responsible for ensuring that the article, provided it fits the
journal, is sent out to reviewers.
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To check whether judgments in the review process agree between
reviewers, Etzel et al. (2024) surveyed various reviewers on classic
criteria. They found that this was not the case and propose criteria that
have a clear value and can be assessed reliably (e.g., whether data are
publicly available).

Open peer review

Ever since researchers began engaging critically with the review system,
there has also been discussion of what happens to the reviews themselves:
traditionally, they remain confidential. The journal publishes the final
article, and all previous versions are known only to the authors, editors,
and reviewers. These reviewers, moreover, usually remain anonymous,
meaning that if they did not put in much effort, it will probably never be
noticed. Furthermore, researchers have no incentive to write reviews —
at most they receive proof that they reviewed a manuscript for a journal.
Some journals have since introduced open peer review. The name only
half fits, because reviews are published only if the article is accepted
by the journal. This carries the risk that serious problems — the kind
normally required for a rejection — never come to light. Researchers
can then submit the unrevised article to another journal, where the
problems may go undetected. This practice leads to duplicated work and
enormous costs (Aczel et al., 2021). Zoltan Kekecs remarked, during
a discussion at a conference, that even casinos that compete with one
another exchange lists of cheaters. Journal editors do not yet do this. A
model in which all evaluations are published is offered by Unjournal
(https://unjournal.pubpub.org).
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Table 8: Degrees of openness of peer review reports and their consequences.

Reviews remain
confidential

Reviews are published
upon publication

Reviews are published
upon both publication
and rejection

No proof of quality control
is possible.

Rejected articles can be
submitted to other journals
without revision, causing
extra work.

Quality control is traceable
and transparent.

More contentious than the publication of reviews is the anonymity of
reviewers: the standard is that reviews are anonymous but can be signed if
desired. This protects doctoral students who give a poor assessment of an
article by a potential future boss. Even professors can risk, when giving a
negative assessment, that the colleague in question will later review one
of their grant applications and retaliate for the criticism. On the other
hand, anonymity can result in criticism being directed at the person rather
than being constructive.

Another way peer review can be open is that anyone can take part in it. This
is possible, for example, at Meta-Psychology. The problem here, however,
is the relatively low participation. At the journals Synlett and ASAPbio,
groups are coordinated in a way that resembles the journal clubs already
used to discuss exciting articles — just under the name “Pre-Print Review
Club.”
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Review of preprints

What is a preprint?

A preprint is a manuscript at or before the stage of submission to
a journal. It may not yet have been reviewed, or it may have been
rejected by a journal after review. The article has been published on a
website, is citable (e.g., assigned aDOI), and can be downloaded free
of charge. In some cases it may make sense — out of concern about
censorship or because of the long duration of the review process —
not to subject a scholarly contribution to review before publication
(e.g., for commentaries, position pieces, or public exchange). Typ-
ically, peer-reviewed contributions count for more in an academic
career.
The purpose of preprints is manifold: they increase the availability
of knowledge, allow faster publication (e.g., mathematical proofs
must be laboriously checked over the course of up to several years),
and prevent other researchers from beating someone to an innovative
idea. In medicine and the social sciences, they were used extensively
during the COVID-19 pandemic because of the faster exchange they
enabled (Fraser et al., 2020). In epidemiology, it could not be shown
that preprints are of better or worse quality (L. Nelson et al., 2022).
When choosing a preprint server, researchers should make sure to
use providers that are in scientific hands and run open source code
(e.g., arxiv.org or osf.io/preprints), since servers run by commer-
cial publishers (e.g., preprints.org, run by the controversial publisher
MDPI) can be misused to track researchers’ activity or to promote
their own journals. Long-term availability is also relevant. Preprints
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published, for example, via the Open Science Framework (osf.io) are
guaranteed to remain available for at least the next 50 years.
The term preprint (“before printing”) comes from the era when sci-
entific journals appeared exclusively in print and through university
libraries. “Printing” referred to the reproduction and printing carried
out by the publisher. At that time, it also made sense for researchers
to hand over reproduction rights to publishers, since they themselves
would not have been able to print and distribute articles in that way.
In the internet age, the reproduction role of journals has disappeared.

Preprints are reviewed through platforms and communities such as
PCI, f1000research, or MetaROR (https://researchonresearch.org/project/
metaror/). They are then submitted not to a journal but to the relevant orga-
nization, and reviewed there. This model is called publish-review-curate
(PRC): preprints are uploaded first, then reviewed, and finally grouped
into thematic collections. Quality assurance is organized by researchers
themselves and is independent of commercial publishers. It is recom-
mended that students be actively involved in this process (Holford et al.,
2024). The model at Peer Community In (PCI) is similar: researchers
whose preprints receive a positive review through the process organized
by PCI can publish their articles published, without further review, at one
of the participating (“PCI-friendly”) journals. The publish-review-curate
model is thus split across preprint servers (publish), PCI (review), and
traditional journals (curate). F1000research.com functions like a journal
in which articles are directly accessible and change over time through
peer review. Because non-reviewed articles are also published there,
there are conflicts over whether such articles are indexed in databases
used for research assessment. Similarly, the Zeitschrift für digitale

132

https://researchonresearch.org/project/metaror/
https://researchonresearch.org/project/metaror/


The System

Geisteswissenschaften uses a peer-review traffic light: after submission,
articles are immediately available there, and a traffic light indicates
whether they are under review and, if reviewed, whether there are (still)
serious problems or not.

Memory of reviews

Another way to permanently attach reviews to research articles is through
platforms that allow quick commenting. On Pubpeer.com or hypothes.is,
for example, any scientific contribution (including, e.g., data) can be com-
mented on publicly and, if desired, anonymously. This is possible for
preprints too, so that these comments remain permanently linked to them.
Browser plugins then flag articles for which there are discussions on Pub-
peer. Other platforms include alphaxiv.org, Disqus, and scirev.org.

Attention to the topic in existing journals

Requirements placed on scientific articles by journals underwent major
changes starting in 2010. In the social sciences, numerous journals now
follow the “Transparency and Openness Promotion” (TOP) guidelines
and receive corresponding TOP factors (https://topfactor.org/summary,
Grant et al., n.d.). These record the degree of openness and transparency
required for research data and materials, and whether the journal in ques-
tion publishes replications. New editors at existing journals have made
major changes. For example, Hardwicke & Vazire (2023) announced,
for the journal Psychological Science, a standard recalculation of all
reported results starting in 2024, by working together with the Institute
for Replication (https://i4replication.org). Some journals have published
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special issues focused on replication studies or the reproducibility of
results (Carriquiry et al., 2023).

Journals for “non-innovative” work

Because of the selection of exciting results, there is no platform for
research that is not groundbreaking yet still highly relevant. Estimates
suggest that up to 40% of all studies conducted remain unpublished within
four years of completion (Ensinck & Lakens, 2023). Other researchers
cannot learn from this work, and the resources that went into collecting
and analyzing the data, the time of participants, and the lengthy prepara-
tion of the research all end up wasted. New journals and formats have
emerged to address this problem. In economics, following calls to action
(Zimmermann, 2015), a journal for replications and comments has been
established. The journal Meta-Psychology offers a format for replications
and one for “file-drawer reports.” The latter is intended for studies that
would otherwise end up in the file drawer because of unsurprising results
or errors in execution, but that nonetheless contain important information.
To capture the failure that is typical of the research process, the Journal
of Trial and Error was also founded, and reports on reproducibility and
replications can be published at ReScience C and ReScience X.

Publication models

An even more radical proposal than adapting existing journals is to replace
the current system with an entirely new one. This constitutes a social
dilemma, in which millions of researchers must suddenly behave differ-
ently and, in doing so, act against the rules of the scientific system as it
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currently stands (Brembs et al., 2023). The dilemma was designed by
commercial publishers, who profit from it. Brembs et al. (2023) have
developed a precise proposal for building a decentralized system, mod-
eled on social networks such as Mastodon, organized by researchers them-
selves, that values research products such as data or software just as much
as traditional research reports. Platforms that already implement such a
micro-publishing system include Research Equals and Octopus.ac (Hsing
et al., n.d.). Opposing a system in which all products are reviewed but
the review process does not itself guarantee quality, these platforms use
traffic-light systems and public commenting to signal what was reviewed,
whether it was reviewed at all, what criticisms arose, and how they were
addressed.

Researchers

Regardless of nationality, field, or university, many researchers have
rethought and adjusted their working practices in the course of open
science. Hundreds have signed public declarations on research trans-
parency and calls for open science practices in their role as reviewers.
Individual researchers conduct replication studies as part of teaching
(Boyce et al., 2023; Jekel et al., 2020; Korell et al., 2023), join forces
worldwide to carry out projects that no individual could manage alone
(e.g., the Psychological Science Accelerator, https://psysciacc.org), and
develop collections of information (Open Scholarship Knowledge Base,
https://oercommons.org/hubs/OSKB), guides, and glossaries (Parsons et
al., 2022) to make open science easier to access. Communication among
researchers now takes place independently of journals and faster than
before, via social media such as Mastodon, Bluesky, and personal blogs.
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Blogs, in turn, are searchable and networked through platforms such as
Rogue Scholar (https://rogue-scholar.org). One demand that remains
unmet is for researchers to reform the system through unionization (Rahal
et al., 2023).

A particular form of resistance is journal boycotts. Here, researchers
commit themselves, publicly, to no longer publishing their research in
commercial journals and to no longer providing reviews for them. Taylor
discusses potential collateral damage in a blog post: researchers who
depend on publishing in high-ranking journals are disadvantaged by
this.

Evaluation criteria

With the San Francisco Declaration on Research Assessment (DORA),
many institutions and researchers began, in 2012, to publicly and clearly
oppose evaluating research solely on the basis of citation metrics (e.g.,
the impact factor). By 2024, there were already more than 25,000 signa-
tures from 165 countries. The declaration consists of a general recommen-
dation followed by specific ones (for funding organizations, institutions,
publishers, and so on). The general recommendation reads: “Do not use
journal-based metrics, such as Journal Impact Factors, as a surrogate mea-
sure of the quality of individual research articles, to assess an individual
scientist’s contributions, or in hiring, promotion, or funding decisions.”
(https://sfdora.org/read/).

In psychology, evaluation criteria for researchers are being devel-
oped systematically, using methods from personality psychology and
psychological assessment (Gärtner et al., 2022; Schönbrodt, Gärtner,
Frank, Gollwitzer, Ihle, Mischkowski, Phan, Schmitt, Scheel, Schubert,
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Steinberg, et al., 2022). One problem here is that researchers divide up
the work within groups, and some people benefit from this more than
others (e.g., because they specialize in methods and therefore appear less
often as first author). An analogous problem occurs in football: if players
were evaluated only on goals scored, defenders, midfielders, and even
those responsible for the assist would be disadvantaged. Against this
background, Tiokhin et al. (2023) propose a stepwise evaluation: first,
the groups in which researchers work should be evaluated, and only then
the individual members.

Evaluation criteria are also being further developed for individual research
articles — above all in peer review. M. Elsherif et al. (2023) have devel-
oped a template for reviewing quantitative psychological studies and
replications. As part of the “Peer Reviewer Openness Initiative” (PRO,
https://www.opennessinitiative.org), researchers have publicly committed
to giving a positive assessment of a research article only if they have
access to all necessary materials and data (unless there are good ethical
reasons why this is not possible).

A fundamental problem in developing evaluation criteria is that they often
disadvantage anything outside the standard case (Hostler, 2024). Criteria
impose a uniform yardstick across many different researchers and research
disciplines. Economists who are evaluated by impact factor like to pub-
lish articles in journals that overlap with other disciplines, because citation
counts are higher there. If methodological criteria are used for evaluation
(e.g., whether a central study is preregistered), those who do qualitative
research — for whom classical preregistration is not helpful at all — are
disadvantaged.
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Alternatives to the impact factor

While the San Francisco Declaration (“DORA”) clearly condemns the
journal impact factor, it leaves open which alternatives should be chosen.
Building on this, the Coalition for Advancing Research Assessment
(coara.eu) recommends the use of qualitative characteristics. Nosek et al.
(2015) developed the Transparency and Openness Promotion Guidelines
(TOP Guidelines), which evaluate journals on the basis of ten criteria and
allow journals to be ranked (topfactor.org).

TOP factor versus Hirsch index

To calculate the TOP factor for a journal, one must first record, for
every facet, how open and transparent the journal is. For example,
regarding the transparency of materials, one checks whether the
journal’s guidelines say anything about this at all (0 points), whether
the journalmerely requires a statement of whethermaterials are avail-
able (1 point), whether materials must be uploaded to a database
(2 points), or whether, beyond that, someone will reproduce (i.e.,
recheck) the analyses (3 points). The points across all facets are
then summed— so, strictly speaking, it is a TOP “sum” rather than a
“factor” (just as the impact factor is actually a ratio). From a psycho-
metric standpoint, it is questionable to sum across the different facets
in this way, as though 3 points on one facet could straightforwardly
compensate for a missing point on another.
The Hirsch index (or h-index) indicates that, of all publications, at
least this many have been cited at least this many times. An index of
4 would mean that at least 4 articles have been cited at least 4 times
each.
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H-indices and TOP factors are publicly available for many journals.
The data can easily be downloaded and related to one another (mate-
rials for this are available online: https://osf.io/utzfs). To be able to
infer quality from citation counts, Peroni & Shotton (2012) devel-
oped a system for specifying what kind of citation is involved (Cita-
tion Typing Ontology, CiTO), which has already been implemented
by journals (Willighagen, 2023). Whether this actually improves the
assessment of research remains to be seen. Not entirely seriously, a
Free Lunch Index has also been proposed for medicine, reflecting
the sum of gifts received from industry (Scanff et al., 2023).

Infrastructure (open infrastructure)

In the pyramid of culture change, infrastructure forms the foundation. It
enables various open science practices to be put into effect. For example,
research data cannot simply be published if there is no place or website
for it. Considerable progress has been made here, and sharing research
materials, data, or publications has never been easier. Guidelines for
research infrastructure (Bilder et al., 2020) specify how infrastructure
should ideally be built: for example, it should be designed sustainably
and financed for the long term, and used across disciplines, institutions,
and locations. In Germany, the association “National Research Data
Infrastructure (NFDI)” advocates for organizing data as a shared resource.
Within discipline-specific consortia, structures are being created that
make it possible to share research data. An interactive map of open infras-
tructure is available online (https://kumu.io/access2perspectives/open-
science#disciplines/by-os-principle/open-infrastructure).
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The cost of an “open book”

This book was written entirely using free software (GNUR, RStudio,
Quarto) and is hosted free of charge on GitHub. A further step
would be to use exclusively open source software — that is, pro-
grams whose code has been made public and can be used for one’s
own purposes. Currently, the availability of this book depends on
GitHub remaining free. An additional publication through a library
(digital and print, e.g., the University and State Library of Münster)
would cost 100 euros.

Table 9: Examples of open science infrastructures.

Service Purpose Provider

Literature database Managing and searching
the literature

OpenAlex

Data repository Publication of research
data

re3data.org, osf.io,
researchbox.org,
zenodo.org

Preprint server Publication of research
articles

arXiv.org, Zenodo.org

Journal system (editorial
manager)

Management of scientific
journals (submission,
review, publication,
indexing)

Open Journal System

Post-publication peer
review

Review and commenting
on research after
publication

Pubpeer.com
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Service Purpose Provider

Identification of
researchers, institutions,
and research

Open Researcher and
Contributor ID
(ORCID.org), Research
Organization Registry
(ROR.org), Digital Object
Identifier (DOI.org)

Open access publications

To increase access to scientific knowledge, more and more research is
being published as “open access.” Specifically, this can happen in many
different ways: people can publish articles in non-commercial journals (for
a collection of more than 20,000 such journals, see, e.g., https://doaj.org);
some commercial journals make articles freely available after a certain
period has elapsed; or authors can pay money so that the article appears
openly accessible in a traditional journal. The costs for this can range
from a few hundred euros up to 9,000 euros at “prestigious journals.” The
funds for this usually come from university budgets (e.g., open access
funds, which are subsidized or covered by the German Research Foun-
dation [DFG] using tax revenue) or from project funds — meaning that
funds were requested, when applying for project money, specifically to
cover the costs of open access publication. While open access originally
explicitly did not refer to this pay-to-publish model, journals have since
“re-commercialized” it (Morgan & Smaldino, 2024) — that is, they have
made use of it for their own benefit. The various types are neatly listed
in the open access strategy of the universities of North Rhine-Westphalia
(DH.NRW | AGOpenness, 2023). Besides open access at first publication,
researchers usually retain the right, under “green open access,” to upload
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the articles they have written to their own website, their institution’s web-
site, or subject-specific repositories. Zumstein (2024) recommends, for
example, that at subscription-based (“subscription model”) journals, one
should not pay extra for the open access option, since this is not sustainable,
and should instead make the secondary publication openly available.

Table 10: Types of open access at first publication, following DH.NRW | AG Openness
(2023).

Type Rule

Diamond All publications are immediately and freely available, and no
publication fees are charged

Gold All publications are immediately and freely available; authors
pay a fee per publication (Article Processing Charges / Book
Processing Charges)

Hybrid The journal has a subscription model. Individual articles are
made publicly available for a fee.

Moving wall The journal has a subscription model. After a set period elapses
(6–48 months), articles become freely accessible.

Promotional Individual articles are made freely available to promote the
journal.

How prestige can blind us to openness

In some places there are unwritten rules such as “if you publish in
a high-ranking journal during your PhD, you’ll get the top grade.”
This shifts ever more power to prestigious journals. People are con-
gratulated extraordinarily for having published something in Psy-
chological Bulletin or even Nature Human Behaviour. It plays no
role that nobody without a university affiliation (that is, working or
studying there) can read the article in Psychological Bulletin, or that
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publishing in Nature can cost up to 9,000 euros (usually paid from
tax revenue).

Besides commercial and open access journals, there is another actor in
the accessibility of scientific knowledge: through shadow libraries such
as Sci-Hub or Anna’s Archive, people can access articles that would oth-
erwise sit behind a paywall (“guerrilla open access”). Sci-Hub (https://
en.wikipedia.org/wiki/Sci-Hub), the best-known shadow library, contains
nearly 70% of all 81.6 million scientific articles published up to 2018
(Himmelstein et al., 2018). Strecker (2019) has analyzed usage statis-
tics from Germany. The distribution and downloading of such content
is legally contested. Other ways to obtain research articles for free include
12ft.io, the hashtag #canihazpaper on social media, or personally writing to
authors by email or through academic social networks (Researchgate.net,
Academia.edu). Brembs offers an overview of methods for reading scien-
tific articles for free in a blog post.

Choosing a journal

Aside from prestige or journal impact factors, researchers choosing where
to publish their research can look for Diamond Open Access— that is, free
public access (e.g., via https://doaj.org or https://freejournals.org/current-
member-journals/) — and take the TOP factor into account (top-
factor.org). Various relevant characteristics are compiled by oa.finder
(https://finder.open-access.network). Researchers should also check
with their libraries: at subscription-model (hybrid open access) jour-
nals, a market for paid open access publication has emerged. Journals
and publishers publish extremely large numbers of articles without
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rigorous review and earn money through open access fees. In such
cases the journals are marketed as “open access journals,” and the
costs are called “Article Processing Charges (APCs).” A dashboard
run by Bielefeld University breaks down which journals and pub-
lishers have received how much money from German universities
(https://treemaps.openapc.net/apcdata/openapc/#publisher/). In 2022, for
example, German universities spent 68 million euros on commercial
open access publications. The economic cost of publishing research
is estimated at roughly $400, or 380 euros, per article (Grossmann &
Brembs, 2021). For the 31,517 articles they published open access that
year, this would put the estimated maximum cost at just under 12 million
euros — whereas, through Diamond Open Access journals, costs far
below this would be possible. The publisher MDPI — the publisher
receiving the most German APC payments, ranked first by article count,
with nearly 9,000 German-authored articles, and revenues of more
than 16 million euros from German institutions alone — is particularly
controversial: researchers (https://predatoryjournals.org/news/f/is-mdpi-
a-predatory-publisher) have shown that processing times (duration
of review, revision, and publication) are unrealistically uniform, and
that there are multiple special issues per day (a journal typically has
1–2 special issues per year). Beall published a controversial list on
his website (https://beallslist.net) identifying journals as unscientific,
and describes his experiences in an article (Beall, 2017). Tools for
identifying disreputable journals and conferences are also available
(https://thinkchecksubmit.org, https://thinkcheckattend.org).
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Monitoring

How much research is published as open access, and how much this costs,
can be tracked using various tools. OpenAPC lists open access costs by
publisher, journal, and university (https://treemaps.openapc.net/apcdata/
openapc/), and the Open Access Monitor breaks down how many publi-
cations in Germany are published under which open access models (https:
//open-access-monitor.de).

Currently (as of summer 2024), 54.4% of all indexed journals have no
open model, and the bulk of all research is published through them. A
further 19.2% of journals operate under a transformative agreement.
These are intended to achieve a transition from a subscription model to
an open access model, with all previously published articles also being
made openly accessible. Probably the largest player here is the DEAL
consortium (https://deal-konsortium.de/publizierende): German scientific
organizations have joined forces to negotiate a nationwide contract with
publishers that allows all German researchers to publish open access
without additional cost.

Open textbooks

While journal articles are primarily used for exchange among
researchers, textbooks play the special role of forming the bridge
between experts and interested parties (e.g., students). The rela-
tionship between textbook authors and publishers is less strained
than that between researchers and journals — even though these are
largely the same publishers. Two particular differences may account
for this: 1. textbook authors earn money from sales, and 2. they can
declare their ownworks relevant for exams. As a result, it is students,
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and not the authors themselves, who bear the costs. In the United
Kingdom, pilot projects already exist that aim to shift teaching as
fully as possible onto open textbooks (Farrow et al., 2020).

Mass resignations of editors

It is becoming increasingly common for a journal’s entire editorial board
to resign. The reason is usually that the publisher wants to raise publica-
tion costs or the number of published articles. A list of such resignations
is maintained by Retractionwatch.org (“Editorial Mass Resignations,”
https://retractionwatch.com/the-retraction-watch-mass-resignations-list/).
In these cases, a community of researchers has spent years working hard
to build and promote a journal’s reputation, only to be punished by having
to pay even more money to exchange their research with one another.

In many such cases, the researchers go on to found a new journal, usually
open access, following their resignation. While university libraries sup-
port the founding of new journals, and the process is technically unprob-
lematic, there are legal and social hurdles: publishers such as Taylor &
Francis often agree “non-compete clauses” with researchers, forbidding
them from working for another journal for one or several years after their
editorial position ends. A scientific community that forms the core of a
journal must also stand unanimously behind such a change. In one case,
the editorial board made clear that it would be completely socially unac-
ceptable to continue supporting the old journal. Newly founded journals
also do not yet have an impact factor, because no citable articles have yet
appeared and none could yet be cited. The abandoned journals are referred
to as “zombie journals.” Publishers counteract mass resignations by fre-
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quently rotating members of the editorial board, so that they find it harder
to coordinate. In-person meetings are also made more difficult by the inter-
national nature of research.

Openness through building blocks

Openness in science can take many forms: one particular type of
public access is currently spreading in biotechnology research. So
that scientists, engineers, and the general public can gain access to
designs, this field increasingly turns to interlocking building blocks
such as those from the company LEGO® (Boulter et al., 2022). The
patent on “the Lego brick” has already expired, so various companies
or individuals with 3D printers can now produce their own building
blocks. The files for 3D printers are freely available on the internet.
Using this approach, researcher David Aguilar was able to design a
prosthetic arm out of interlocking building blocks.

Preprints

As already explained in the chapter on reviewing preprints, preprints
are always publicly and freely available. Researchers can assign var-
ious licenses — for example, prohibiting commercial use — though
these are nearly always very permissive. Beyond the advantages of
preprints already discussed, revisions to them are also many times faster:
researchers can respond to criticism and correct errors at any time. In an
article on the coronavirus, an error was noticed shortly after publication
and corrected within two days. With a journal article, this process can
drag on for years. Especially for serious problems that would normally
lead to a retraction, publishers are comparatively slow. Authors can take
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a preprint offline at any time — though it will likely still be findable via
search engines.

Preprints can also help ensure that resources are used more efficiently:
through faster communication between researchers, it becomes apparent
more quickly when different groups are working on the same question.
This can lead to collaborations forming, or to groups shifting their focus.

Unwarranted fear of idea theft

In some scientific disciplines, researchers are hesitant about
preprints. They fear that someone will steal their idea and publish
an article on it in a journal faster than they can. While this fear
also exists under the traditional system— for example, through mali-
cious reviewers or conference attendees—and can happen evenwith
published journal articles, the advantage of preprints is that they are
dated, making it clearly traceable, for everyone, what was published
when.

Approaches against the selection of exciting results

The results of a study are the thing least under the control of the researcher
conducting it (or at least, they should be — after all, what interests us is
the truth, not a researcher’s skill at making the data look as favorable as
possible). It is all the more frustrating, then, that journals use the result as
a criterion for publication. Among the many submissions, journals mostly
select those articles that achieved exciting results, or that confirmed their
initial hypothesis (confirmation bias). The following approaches solve this
problem, for example, by excluding results from the review process.

148

https://asapbio.org/what-do-researchers-think-about-scholarly-publishing-five-key-takeaways-from-a-new-survey-by-coalition-s


The System

Results-blind peer review

The simplest approach is simply to redact or omit the results section. Var-
ious journals offer this as an option. Since this is currently (2024) still the
exception rather than the rule, most reviewers are well aware that those
who choose the results-blind peer review option are usually those whose
results are not “pretty enough” for the standard route.

Registered Report

Figure 19: Classic research process compared to Registered Reports and the PRC model.
With Registered Reports, an additional review takes place before the study
is conducted. With PRC models, publication takes place before review.

A more radical approach than reviewing an article without its results sec-
tion is reviewing the article before any results exist at all. This format is
called a Registered Report. Here, the manuscript — containing the theory
to be tested, the methodology, and the analysis plan — is submitted to
the journal before any data have been collected. If this “half-finished”
article is accepted (in-principle acceptance), the data are then collected,
analyzed as planned, and a further round of review follows. Here it is stip-
ulated that the authorsmay not change anything in the parts alreadywritten,
and that reviewers may not, after the fact, criticize the already-approved
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approach. The only remaining question is whether the plan was followed
and whether the conclusions are grounded in the planned analyses. This
is meant to prevent articles from being rejected because the results are not
exciting enough, innovative enough, or in line with expectations. Initial
investigations can already show that this improves research quality com-
pared to the traditional approach (Soderberg et al., 2021). An overview
of journals offering this format is available online (https://www.cos.io/
initiatives/registered-reports → Participating Journals, Chambers, 2018;
Chambers & Tzavella, 2022). This format also makes clear that research
suffers from massive publication bias (i.e., mostly studies that confirmed
their hypotheses get published, while studies that did not are rarely pub-
lished): Scheel et al. (2021) showed that the proportion of results consis-
tent with expectations in Registered Reports is 44%, markedly below the
96% typically found in psychology.

Preprint-based models

With preprints — that is, not-yet-reviewed manuscripts — being pub-
lished ever more often, new avenues for review are opening up, such as
the publish-review-curate model (see the section “Review of preprints”).
So-called overlay journals (elife) select among preprints those they send
to reviewers to obtain their opinions. Provided the preprint’s authors
agree, they then receive reviews, and their article is ultimately published
in the journal.

Depending on the field, varying numbers of journals have agreements
with PCI initiatives to publish accepted articles without their own peer
review. More participating journals — especially well-known ones
— make PCIs more attractive to researchers. Journals interested in
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a PCI but not wanting to give up review entirely can list themselves
as “PCI-interested journals” (as opposed to “PCI-friendly journals”).
Participating journals save work this way and stay relevant, as their
function shifts toward collecting and disseminating thematically relevant
research. In one case, a journal that had a “PCI-friendly” agreement
with PCI-RR sent a manuscript out for another round of peer review
despite a recommendation, and was immediately removed by the PCI
partners. Researchers who want to organize review processes for PCIs —
analogous to editors at traditional journals — can become recommenders,
which requires a minimum level of knowledge and completing a training
(https://rr.peercommunityin.org/about/recommenders).

Table 11: Summary of the various review models and how each handles research results.

Review procedure Handling of results
Traditional, PCI, PRC Results are visible and can factor into the

assessment
Results-blind peer review Results exist but are withheld from

reviewers
Registered Report Results do not yet exist
Peer Community In Registered Report
(PCI-RR)

Results do not yet exist

Anecdotes: my worst experiences with peer review

Peer review is brutal. What follows ismy personal experiencewith
the process. Early in my career, I had to learn that in many cases it is
a lottery how a manuscript’s evaluation turns out. Renowned scien-
tists told me that they had articles which they had resubmitted to jour-
nals, again and again, for years, and which were eventually accepted
without them having changed much. Beyond the acceptance of an
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article for publication, the reasons for rejectionmatter too: reviewers
frequently do not read articles carefully, and criticisms are not con-
structive. Here are my worst experiences.
Submission to Collabra: This concerned an article that sat between
disciplines. It wasn’t just about expectations, or product reviews,
or the method of downloading data directly from the internet. This
“odd-one-out article” had already been rejected by three journals. At
none of them was it even sent out to reviewers, because it never fit
the journal. The journalCollabra, where we finally submitted it, was
only a few years old at the time and had a broad scope. After sub-
mitting in May 2020, we waited more than six months for a review.
Waiting longer is initially a good sign: it suggested the article had
actually been sent out to reviewers. In this case, however, we were
bitterly disappointed: in November 2020, upon inquiry, we learned
that 14 reviewers had been approached, and the editor ultimately
decided to reject themanuscript based on a single review. The reason
given was that the method was unsuitable for the research question
because the data were incidental. In psychology and economics, the
problem with “found data” has been known for decades, and we had
already discussed it extensively in the article.
Submission to the Journal of Experimental Social Psychology:
We had conducted a replication of a study published there — the
finding did not replicate. My thinking was to give the journal that
had originally published the non-robust finding the chance to correct
itself. The reviews were fair and positive; there were a few points
to discuss, but it was clear to us that these were misunderstandings,
not substantive issues. Not so for the editor: he explained that the
finding was not novel enough and that it was already clear it would
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not replicate. I explained to him that nobody had yet attempted to
replicate the finding, and that we ourselves, before analyzing the
results, had even taken a vote on what outcome we expected: it was
almost perfectly split, 50-50. Moreover, another article had since
been published with the opposite result. We made clear that we
could easily address all the issues raised and would welcome the
chance to revise. The editor would have had hardly any additional
work beyond sending the article back out to reviewers afterward. In
response to our email, we received only a brief reply: Hi. I know my
decision is disappointing, but I’m going to stick with my decision on
this one. At this point I found myself at a crossroads: why would a
researcher not be willing to discuss the reasons for a scientific deci-
sion? We decided to contact a different editor directly. Shortly after-
ward, we received an invitation to revise. The article was eventually
published in its revised form.
Submission to the European Journal of Personality: The central
claim of this article was that different measures of a supposed trait
did not correlate with one another. The finding called into question
whether this was even a coherent trait at all. The reasons given for
rejection by the two reviewers and the editor made it clear: nobody
had actually read the article. One reviewer noted that something was
wrong with the values, since, according to one of the tables, they did
not correlate with each other. That was exactly our point. We showed
that this was not due to our data but occurred the same way in other
datasets. Had he read the table’s caption, the paragraph before it, or
the one after it, this would have been clear. He hadn’t…
Reviews of grant applications at the German Research Foun-
dation (DFG): Successfully securing DFG funding is an important
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step in psychology on the way to a permanent position, even though
everyone knows it’s a lottery. For two rejected applications, the wait
for the review was around nine months in both cases, and the criteria
applied showed just how absurd the process can be. For example,
one review evaluated the institution where I had been working at the
time of submission. That I no longer worked there by the time of the
decision — which is entirely normal given how common short-term
contracts are — was not taken into account by the reviewer. In
another case, our application was rejected because another research
group had planned a similar study. That this other group was, at the
same time, in discussions with us about letting us take over that part
of the work entirely, played no role. Review processes at Germany’s
most important funding body, incidentally, are so anonymous that I
am not permitted to publish the reviews. Outsiders therefore cannot
see the extent to which quality assurance actually takes place. When
applications are rejected because the reviewer misunderstood some-
thing, the decision cannot be appealed either; instead — if the spe-
cific program still allows it — a new application must be submitted.
These are just brief excerpts from dozens of submissions and rejec-
tions. Beyond this, almost every researcher can recount base-
less, personal insults. In my experience, anonymous versus open
peer review is like comparing anonymous comment sections with
non-anonymous ones: under anonymity, personal insults and false-
hoods dominate the dialogue.
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Replication research

There is frequent talk of a replication crisis — that is, a crisis of insuffi-
cient replicability. Unsurprisingly, this has affected the role of replications
in the social sciences and beyond. Numerous avenues have been pursued
to raise the standing of replication studies and thereby their frequency in
research. In doing so, the sciences must now make up for something they
should have addressed from the outset: specifying what standards of repli-
cability should apply and how these should be tested. By replicability, I
mean that a hypothesis can also be confirmed using data other than that
of the original study. This is about a minimal degree of generalizability,
not primarily about a deeper understanding of theories — even though
the latter is sometimes still criticized as missing, despite nobody having
claimed that replications should solve the theory problem as well (Feest,
2019).

The imprecision of replication studies

An as-yet unresolved problem is the imprecision of both original and
replication studies. Ting &Greenland (2024) criticize that the impre-
cision of replication studies is often disregarded. What they over-
look, however, is that replication studies almost always have a far
more precise study design and adhere to higher methodological stan-
dards than any preceding studies. Embellishing results in the sense
of p-hacking (Simmons et al., 2011) is in principle also possible in
replications (Protzko, 2018), though harder to do given the higher
standards. While researchers do appropriately take replication find-
ings into account in their judgments (McDiarmid et al., 2021), there
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is so far no research on how susceptible replications are to data fab-
rication compared to original studies.

What should replicate?

Against the backdrop of robustness, it becomes clear when a successful
replication should be expected and when it should not. If a hypothesis
is formulated in an original study as universally valid (e.g., shortly after
birth, male babies weigh more on average than female babies), it should
also be demonstrable repeatedly. This contrasts with cases where a hypoth-
esis is not formulated as universally valid (e.g., where something is tied
to a specific context, as in qualitative research). There are entire disci-
plines for which replicability is irrelevant — for example, in archaeology,
an excavated object is torn from its context, thereby “destroying” the orig-
inal. This process is not repeatable, and nobody expects it to be. It is
also possible to replicate artifacts (that is, findings that arise only because
of the methods used) if their origin is based on some general regularity
(Devezer et al., 2021). For example, it can happen that a statistical model
reliably “triggers,” identifying patterns in findings, even when these do
not arise from the actual explanation but only because the model is poorly
calibrated or its assumptions were violated. For a long time, for instance,
it appeared that left-handed people die younger than right-handed people.
This finding could be reproduced for a while across various German sam-
ples, and explanations were already being proposed for why this might be.
With today’s data, the replication is no longer possible, because it turned
out to be an artifact: until a few decades ago, all children were trained to
write and cut with their right hand. Eventually, this practice of re-training
stopped. To show up as a left-handed person in death statistics in the years
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that followed, one would have had to die quite young — since there were
hardly any older people who wrote with their left hand, precisely because
of the earlier re-training. As a result, left-handed deceased people were, on
average, a full 10 years younger than right-handed deceased people. Repli-
cability is therefore not sufficient for validity or truth, but it is necessary
in order to underscore the validity of a hypothesis or to defend its claim to
truth.

Fletcher (2021) lists the conditions under which something can be repli-
cated:

1. There are no errors in the data analysis.

2. The finding is not attributable to statistical imprecision.

3. The finding does not depend on neglected background factors.

4. There was no fraud or other research misconduct.

5. The finding generalizes to a population larger than the sample of the
original study.

6. The hypothesis remains valid even when tested in a completely dif-
ferent way.

Necessary and sufficient conditions

Replicability is a necessary but not a sufficient condition for gener-
alizability — what does that mean? The terms “necessary” and “suf-
ficient” may be familiar to many people from school mathematics or
introductory logic. Their precise meaning is especially relevant in
logic:
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• Necessarymeans “it can’t happenwithout this.” Having cocoa
powder is necessary for me to be able to make hot cocoa. That
is, I cannot make hot cocoa if I don’t have cocoa powder. At
the same time, it is not sufficient: just because I have cocoa
powder doesn’t mean I can make hot cocoa. I might still be
missing milk, water, a cup, or a microwave.

• Sufficient means: if it is present, that alone is enough, and no
further conditions need to be met. If I hear a plane in the sky,
that is sufficient for there to be a plane flying overhead. But it
is also possible for a plane to fly overhead without my hearing
it (for example, because it is flying very high, the ambient
noise is very loud, or it is a quiet glider).

Unlike in some examples, the condition need not always occur before
the event. So this is not about a causal relationship in which one
thing leads to the other. A particular feature of conditions is that if
A is necessary for B, then B is sufficient for A. That I have made hot
cocoa is therefore sufficient for me to have cocoa powder. And that
a plane is flying overhead is necessary for me to be able to hear it.

Who replicates?

Despite strong efforts, replication studies are still relatively rare. Estimates
range from 5% down to under 0.1%, depending on the research discipline.
By their own account, most researchers have carried out a replication at
some point, but were unable to confirm the original findings (M. Baker,
2016). Much of the data in the following table comes from a tweet by
Gilad Feldman.
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Table 12: Overview of how much replication is done, and where.

Discipline Source Finding

Economics Ankel-Peters et al. (2023) Depending on the journal,
the share of replications
and reproductions ranges
between 0 and 11%.

Economics Mueller-Langer et al.
(2019)

0.1% of published studies
are replications.

Experimental linguistics Kobrock & Roettger
(2023)

Fewer than 0.001% of
studies include
replications.

Psychology (1900 – ca.
2012)

Makel et al. (2012) About 1.07% of all articles
since 1900 include
replications, and the share
has recently increased.

Psychology (2014 – 2017) Hardwicke et al. (2022) Replications are reported
in 3–8% of studies.

Psychology (2010 – 2021,
high-impact journals)

Clarke et al. (2023) 0.2% (169 of 84,834) of
articles included direct
replications.

Ecology and evolution Kelly (2019) Fewer than 1% of studies
are described as
replications.

Second language research Marsden et al. (2018) 0.25% of studies are
replications.

Education Makel & Plucker (2014) 0.13% of articles included
replications.

Special education Makel et al. (2016) 0.5% of articles included
replication studies.

Criminology McNeeley & Warner
(2015)

Just over 2% of articles
include replication studies.

Behavioral ecology Kelly (2006) Replications are rarely
conducted.
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The standing of replication studies

Replications of Bem’s infamous study on precognition (“feeling the
future”) were rejected without review (“desk rejected”) by the journal
that had published the original. The editor explained that the journal does
not publish replication studies, no matter the outcome, since it did not
want to become the journal of Bem replications (Lakens, 2023). Among
the 3,185 journals with a TOP factor, 341 journals (10.7%) stated in 2024
that they accept replications. Replications are defined as confronting
current theoretical expectations with current data, and their important
role in the scientific process is being increasingly recognized (Nosek &
Errington, 2020). Much of this development has been driven by social
psychology; other fields have changed little, or only slowly (Torka et
al., 2023), and even there, discussions of replication findings can still be
harsh, with replications sometimes misrepresented and unjustly criticized
(Chandrashekar & Feldman, 2025).

In economics, the Institute for Replication (I4R, https://i4replication.org/
reports.html) has formed, organizing so-called Replication Games in
which studies are reproduced and replicated. Building on an earlier call to
action (Zimmermann, 2015), the Journal of Comments and Replications
in Economics (JCRe) was founded. From 2024, I4R is focusing on
conducting replications for specific journals. Ironically, it does not do
this for open access journals but, for example, for Nature (Brodeur,
Dreber, et al., 2024). The Journal of Applied Econometrics also publishes
replications of studies from numerous economics journals.
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Types of replication projects

While the majority of replication studies resemble classic studies, spe-
cialized models have also emerged. For example, researchers can use
StudySwap to find groups willing to replicate their results before publi-
cation (Lakens, 2023, p. 11). In Registered Replication Reports, large
teams at multiple sites focus on a previously agreed-upon study and carry
it out simultaneously everywhere. One of the most fruitful approaches
is the use of theses for replications. As part of their studies, all students
must complete a thesis (e.g., a bachelor’s or master’s thesis). Through
replications, they can learn to reproduce an important study while simul-
taneously testing the robustness of the original findings. While Quintana
(2021) proposed using theses in this way, it is already established practice
in comparative political science (Korell et al., 2023), in psychology
(Boyce et al., 2023; Feldman, 2021; Jekel et al., 2020; Wagge et al.,
2019), and in economics (https://home.uni-leipzig.de/lerep/). Replication
series also began in 2024 at the Berlin Social Science Center (WZB)
(https://www.wzb.eu/de/forschung/markt-und-entscheidung/verhalten-
auf-maerkten/labsquare) and at the Sports Science Replication Center
(https://ssreplicationcentre.com).

Table 13: Types of replication.

Type Explanation Example

Registered Replication
Report

Researchers at many
different sites carry out the
same replication study
(Simons et al., 2014).

Cheung et al. (2016)
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Type Explanation Example

Internal replication A research group reports,
within a research article, its
own replication of one of
its studies.

Ongchoco et al. (2023)

Close replication An original study is
repeated as closely as
possible by other
researchers.

Xiao et al. (2021)

Conceptual replication Other researchers test the
same hypothesis again, but
deliberately use different
methods.

Sobkow et al. (2021)

Who publishes replications?

Srivastava (2012) proposed a “Pottery Barn” rule for scientific journals.
This refers to the rule common in shops selling fragile goods: “you break
it, you buy it.” Applied to replications, this would mean that a journal
must also publish all replications of a study it has published. In prac-
tice, no journal does this — possibly out of fear of reducing their impact
factor or of being accused of inadequate quality assurance. A weaker ver-
sion of this idea is proposed by Hüffmeier & Kühner (2024) with repli-
cation markets: journals would advertise central publications for replica-
tion; researchers could then apply, with a research proposal (a Registered
Report), to replicate these central studies; and the journal would ultimately
select a proposal and fund it with money for data collection. Aside from
the replication journals JCRe (https://www.jcr-econ.org) and ReScience
X (rescience.org/x), there are only a few journals that publish replication
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studies. In psychology, these include, for example, Meta-Psychology and
the Journal of Trial and Error.

To increase the findability of replications nonetheless, replication
databases have emerged. In these, researchers collect replication studies
and present them in a user-friendly way. For economics, Jan Höffler did
foundational work with the Replication Wiki (ReplicationWiki) (Höffler,
2017). In psychology, LeBel introduced curatescience.org. That project
died out fairly quickly; the idea was later picked up by FORRT with
“Replications and Reversals” (forrt.org/reversals/) and, in 2023, merged
with the “Replication Database” into the “FORRT Replication Database.”
With meta-analytic functions and the ability to check bibliographies for
replication studies, the FORRT Replication Database is currently the
most comprehensive project of its kind (forrt.org/replication-hub). Most
of these projects are carried out by large communities, with participants
painstakingly contributing data by hand. Automated methods are in
development, but are still immature (Ruiter, 2023).

What makes a good replication?

Replication methods are being developed across many fields. Building
on work first done in psychology (Brandt et al., 2014; Hüffmeier et
al., 2016), there are now guidelines for replications in quantitative
sociology (Freese & Peterson, 2017), the humanities (Schöch, 2023),
and marketing (Urminsky & Dietvorst, 2024). Methods for sample size
planning (Bourazas et al., 2024; Pawel et al., 2023; Simonsohn, 2015),
for study selection (Howard & Maxwell, 2023; Isager et al., 2024), for
evaluation (S. K. Yeung & Feldman, 2023), and for communication (Janz
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& Freese, 2021) of replication studies have all been developed. Below,
recommendations are structured in the form of a replication guide.

A short guide to conducting replication studies

1. Choosing a study
The study to be replicated should be relevant and open to doubt.
Relevance can be reflected in high citation counts or in the
extent to which subsequent research builds on the finding. If
many replications already exist, and it is already clear whether
the finding is replicable or not, a further replication study is not
very informative. Because of the replication crisis, doubtful-
ness is usually present (e.g., through p-values close to the 5%
threshold). Meta-analytic anomalies (Adler et al., 2023) can
also be used to check for doubtfulness.
When selecting a study, it is also advisable to take into account
any existing discussions (comments in journals or on Pub-
peer.com), if there are any. For theses, feasibility must also
be considered: a longitudinal study lasting 10 years is not
very feasible. There should also be established replication
standards for the relevant field. For brain-scanner data, for
instance, this is not yet the case, since hundreds or thousands
of correlations are compared there and the original values are
often unavailable.

2. Conducting the replication
It is advisable to take stock of all publicly available mate-
rials. Where possible, original results should be reproduced
and checked. Even without the data, values can be checked
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for correctness using, for example, statcheck.io (Nuijten et al.,
2016). For more recent studies, the original authors may be
able to provide data and materials.
A particular challenge in research is planning the sample size
(statistical power). While this problem is actually least severe
for replication studies, since there is already a finding to orient
around, that finding is usually too imprecise to use directly for
the calculations. The small-telescopes approach (Simonsohn,
2015) helps here, and equivalence tests may need to be used
as well (Lakens, 2017).
Replicators rarely get around having to adapt the original
method: materials are outdated, need to be translated into
another language, or need to be adapted to a particular sample
of people. Similar studies, which can be found via replication
databases, can help here (Röseler, Kaiser, et al., 2024). Exten-
sions that increase the informational value of the study are also
often worthwhile.

3. Analysis
As with the methods, it is often useful to reproduce the
original analysis (confirmatory) and then run further tests
(exploratory). Comparing the results — including with regard
to methodological differences— then allows for a comprehen-
sive picture.

4. Discussion
The conditions under which the replication is interpreted as
successful should be specified beforehand in a preregistration.
Proposals for such criteria are made by Brandt et al. (2014),
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LeBel et al. (2019), and Anderson et al. (2017). Deviations
from the preregistration and from the original study should be
discussed extensively. Whether a comment from the original
study’s authors is helpful is debated, even though such com-
ments are required for publication at some journals.

5. Report
Comprehensive reports by Feldman and colleagues (Ziano et
al., 2021) provide good guidance for one’s own manuscripts.
For short reports, a standardized form is also available, which
can be used to enter findings into the replication database.
Brandt et al. (2014) also recommend registering the results,
which enables their further use (Röseler et al., 2022). Finally,
publishing the preprint is advisable. For the social sciences
and medicine, an interdisciplinary replication journal is cur-
rently in preparation, to which the study can be submitted for
publication.

Modeling replicability

Replicating all studies in a field is currently unrealistic and would require
enormous resources. Various methods are therefore being developed to
predict, based on the properties of a study, what replication outcome
should be expected. In the repliCATS project, part of the SCORE project
on measuring scientific quality, researchers’ judgments, reproduction
attempts, and replication attempts are combined. Similar projects use
complex statistical models (e.g., large language models) or meta-analytic
methods such as p-curve or z-curve to predict replication rates. Such
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models usually require very large numbers of observations, and predic-
tions are only meaningful at the level of hundreds of studies. For example,
Boyce et al. (2023) and the Hagen Cumulative Science project (Jekel
et al., 2020) computed moderation analyses — that is, they examined
which study properties affect the replication outcome (e.g., switching
from an in-lab study to an online study). Comprehensive databases such
as the FORRT Replication Database (Röseler, Kaiser, et al., 2024) should
enable more precise models to be built in the future. Current results
should be treated as preliminary and interpreted with caution, since they
are based on non-random samples, study properties were not varied
systematically and randomly, and replicating such meta-analytic findings
is itself difficult.

Publishing all results

To solve the long-known file-drawer problem (Rosenthal, 1979; Sterling,
1959), intensive efforts are underway to develop statistical models that
can “correct out” this bias. None of the current models works for all
data (Carter et al., 2019), which means researchers currently have no way
around publishing all their results.

In medicine, there is the special case that studies on humans must be
publicly registered before they are conducted. A publicly viewable
database therefore exists, through which it can be traced who conducted
a study and when. At the same time, registration numbers must be
provided when publishing articles. Combining both pieces of data lets
us see how many studies are published within a certain period after
registration — broken down even by individual people and institutions
(Quest Dashboard; https://quest-cttd.bihealth.org/). The Open Trials
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project (https://opentrials.net/about/) is also working to link information
on registrations and research articles across various databases.

In other fields there is no obligation to register studies before they
are conducted, so it remains completely unclear which and how many
studies “end up in the file drawer.” The journal Meta-Psychology
offers an article format for psychological file-drawer reports, in which
researchers can publish all studies on a given topic, including failed
or flawed studies. The Journal of Negative Results (https://www.jnr-
eeb.org/index.php/jnr/about) and the Journal of Articles in Support of
the Null Hypothesis (https://www.jasnh.com) specialize in results that
do not match expectations. As part of the PsychFileDrawer project, an
online database of unpublished psychological studies existed for a while,
and “All Results Journals” published results from the natural sciences
(http://www.arjournals.com). Of the latter, however, only the biology
journal is still active, while physics and chemistry have not published
anything for a long time.

Topic-specific databases have become established, especially in psy-
chology, that bring together all studies on a given topic, allowing studies
to be searched and, sometimes, statistically summarized. Such summaries
are often meta-analyses (studies of studies, or analyses of many studies’
results), and thanks to these databases, they are dynamic: studies can
be filtered, the databases grow over time, and users can determine the
analyses themselves. Because of the central role of statistical results,
these databases hold great promise for cumulative science — that is, they
make it easier for researchers to build on one another’s work. Besides
their topics and functions, the databases also differ in how they collect
results. Some come from individual researchers, while others arose
through crowdsourcing, meaning that a group provides the database
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infrastructure and other researchers send in their data. This has the
advantage that the work is shared, and contributors make their data more
visible through publication in the database. The table below lists a number
of topic-specific databases.

Table 14: Selected meta-analysis and replication databases.

Name Link Topics
MetaLab https:

//langcog.github.io/metalab
Language development,
cognitive development

metaBUS metabus.org Social sciences
SOLES https:

//camarades.shinyapps.io/
AD-SOLES/

Animal models of
Alzheimer’s disease

OpAQ t1p.de/openanchoring Anchoring effects
FReD https://forrt-

replications.shinyapps.io/
fred_explorer/

Replication studies

Power Posing https://
metaanalyses.shinyapps.io/
bodypositions/

Effects of body posture

Metadataset metadataset.com Agriculture
METAPSY https://www.metapsy.org Psychotherapy

Tools are also increasingly being developed to help researchers build
such databases. Tools such as MetaUI, Dynameta, or Breathing Life
into Meta-Analyses make it easier to create a website on which data can
be interactively analyzed and downloaded [metaUI, https://github.com/
lukaswallrich/metaui; Dynameta, https://github.com/gls21/Dynameta;
Breathing Life into Meta-Analyses, Allbritton et al. (2024)]. The
project PsychOpen CAMA (https://cama.psychopen.eu) provides further
materials.
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Dealing with errors

Research errors can have massive consequences. For example, the Wake-
field scandal — in which parents were paid to make false statements about
their children’s development after vaccination— led to vaccine skepticism.
This means that parents, out of concern over the (false) consequences, do
not have their children vaccinated, and the children can then fall ill and
die, even though the original concern was false and has long since been
repeatedly disproven (DeStefano & Shimabukuro, 2019). In many scien-
tific fields, there is a tense error culture: as soon as someone points out
an error, it is taken as a personal attack, and critics are insulted (R. F.
Baumeister & Vohs, 2016). Because of strict hierarchies, it can be fatal
for researchers without a permanent position to criticize professors, since
the latter review their articles and decide on their employment contracts.
In the Wakefield case, it took many years — even after the error was clear
— before the articles were formally retracted by the journal (Eggertson,
2010). And, in the end, researchers do not even notice when articles are
retracted, unless they actively look for it.

Various approaches aim to make error culture more open and to solve
these problems. Ideally, everyone should understand that errors happen
again and again, and that everyone benefits when errors are corrected. In
scientific practice, unfortunately, it is not always everyone who benefits;
rather, the person who made the error may have gained a Nobel Prize or a
professorship thanks to it. To spur discussion on this, psychologists from
Switzerland launched a bounty program (https://error.reviews), in which
people can apply and then earn money by finding errors made by others,
or earn money in the role of reviewer if they made no errors, or only minor
ones. Platforms like Pubpeer.com also allow anonymous commenting
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on research. Of particular interest there is research by prominent figures,
such as Nobel laureate Thomas Südhof, whose articles have sparked dis-
cussions with as many as more than 50 comments. Comments on Pubpeer
have also led to numerous retractions of published articles. Retractions
are collected in the Retraction Database (retractiondatabase.org). Using
a browser plugin, researchers can highlight articles for which there
are Pubpeer discussions. To make retractions more visible, a study
is currently underway (as of summer 2024) in which people who cite
retracted articles in preprints receive an email notification (RetractoBot,
https://www.retracted.net).

When a retraction occurs, a short text is published explaining
why the article was retracted. Such texts are hardly standard-
ized and are often opaque. The Committee on Publication Ethics
(https://publicationethics.org) has developed recommendations on the
conditions under which articles should be retracted, and Ivory & Elson
(2024) recommend standardized texts to lay out the reasons for a retrac-
tion. A worrying development is the alteration of scientific articles by
publishers without any notification. Aquarius and colleagues document
such covert corrections as “stealth corrections” (Aquarius et al., 2025).

Figure 20: The retraction process for articles: after publication, editors can raise
concerns based on reports, and then investigate them. If the concerns are
confirmed, the article is retracted. In rare cases, it turns out there was no
error after all, and the retraction can itself be withdrawn (reinstatement).
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A few scientists check large numbers of articles. The most famous
among them is Elisabeth Bik. She has contributed to the retrac-
tion of nearly 600 articles and the correction of nearly 500 articles
(https://www.buzzfeednews.com/article/stephaniemlee/elisabeth-bik-
didier-raoult-hydroxychloroquine-study). She examines figures in
biology research articles. It sometimes happens that so-called Western
blots appear twice, even though they are supposed to represent different
figures. This can happen when converting articles into a journal’s
format, and when researchers create figures, whether by accident or with
malicious intent.

Experience report: from error to correction

In 2021, I wrote a research article about a dataset that had been cre-
ated through the collaboration of 99 researchers (Röseler et al., 2021).
In 2022, the article was published in the Journal of Open Psychology
Data. However, I had made a mistake. Below I describe how it was
identified and fixed:

1. October 2022: During the revision of the article, data from
additional researchers were added. Up to that point, 64 people
had been involved in writing the article; the list then grew to
74 people. I sent the revised manuscript, with a table of the 74
people, to the journal. In the journal’s system, authors could
additionally be entered into designated fields. These fields
therefore listed the 64 people, while the article itself listed 74.
The submitted article was then accepted and converted by the
journal into its publication format. The table was converted
as well, but in the process, someone specifically deleted the
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ten people who had been alphabetically inserted into the table,
cross-checking against the people entered into the system at
the time of the first submission. I received the finished article
and had one week to give feedback on it. I did not notice the
missing people.

2. In 2023, one of the missing authors contacted me: his doc-
toral student wanted to list the citation on her CV, but could
not find herself among the contributors. It turned out that an
entire team of six people was missing. I wrote to the journal’s
editor, apologized for the error, and askedwhether a correction
was still possible. It was not possible to amend the published
version, but a formal correction was possible.

3. I decided to go ahead with the correction. In the intervening
months, the journal had changed its submission management
software, and I had to re-enter all 74 people for the new sub-
mission. Including all the checks, this took roughly a full
working day — but the system also required the nationality
of everyone involved, which I did not know. About half of
them were students, and many others had changed institutions,
so it was no longer possible for me to find out everyone’s
nationality. I flagged the problem and waited for an exception
to be made during the correction process. At the same time,
my six-month parental leave began, including a move and a
change of job. After returning, I contacted one of the editors
again. Seven further months of silence followed — despite
repeated follow-ups, I received no reply.
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4. In January 2024, I posted a Pubpeer comment. I had lost hope
that the process would ever come to an end, but wanted to draw
attention to the error. It included the correct list of contributors,
which the journal also had on file.

5. In July 2024, I wrote to several editors again. This time
I received a reply. The journal suddenly had the nation-
alities of the people involved, apparently entered by hand
by someone at the time of the original publication. I was
now able to re-enter all authors, this time with nationality.
In doing so, I noticed that, besides the six missing people,
four more were also missing who had never contacted me.
I informed everyone affected about what had happened and
apologized again. The journal then very quickly prepared the
formatted article. Again, I had one week to suggest correc-
tions. Together with colleagues and research assistants, we
noted about 10 further errors in names and institutions and
asked that the corrected version be sent back to us again, so
that we would not have to spend years chasing a correction a
second time.

6. In August 2024, the copyediting was completed and the cor-
rection went to publication (Röseler, Weber, et al., 2024).

Open teaching / Open Educational Resources

The term Open Educational Resources refers to any materials that can be
used for teaching. This can include books — like this one — research
articles, presentation slides, lecture notes (e.g., on the topic of microeco-
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nomics), recorded lectures (e.g., on the topic of philosophy of science),
or explainer videos. Open, here, usually means that they can be down-
loaded from the internet free of charge. Sharing these resources goes to
the heart of open science: nobody should be excluded, whether by lack
of local availability, high prices, or language. Open science advocates
often upload their materials to portals (e.g., https://www.oerbw.de, https://
www.twillo.de/oer/web/, https://portal.hoou.de, https://oercommons.org).
Platforms such as Zenodo (https://zenodo.org) or the Open Science Frame-
work (osf.io) allow for free long-term archiving— that is, guaranteed avail-
ability of at least 20 or 50 years, respectively.

Among the various actors in the field of Open Educational Resources,
FORRT deserves special mention: in its Educational Nexus, many dif-
ferent courses and materials on open science specifically are made avail-
able (https://forrt.org/syllabus/). Online seminars are run, and a multilin-
gual glossary and a knowledge base are maintained (Parsons et al., 2022).
Other notable knowledge bases include the ROSiE Knowledge Hub and
the Open Economics Guide.

Further information

• Henderson & Chambers (2022) describes ten simple rules for
writing a Registered Report.

• Lakens et al. (2024) discuss the benefits of Registered Reports and
preregistration.

• An explainer video on PCIs is available online (https://
www.youtube.com/watch?v=4PZhpnc8wwo).
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• Royal Netherlands Academy of Arts and Sciences (2018) reports on
what replication looks like across various disciplines.

• Using a wiki and a webinar, students can learn about replications
through the ReplicationWiki.

• Johanna Gereke and Anne-Sophie Waag discussed open science in
university teaching in a talk.

• Levendis (2018), in his textbook on time series analysis, uses exclu-
sively reproductions of analyses from actual publications.

• The OER World Map offers a worldwide overview of Open Educa-
tional Resources: https://oerworldmap.org.

• The German Research Foundation (DFG) describes guidelines for
safeguarding good scientific practice in a code of conduct (Deutsche
Forschungsgemeinschaft, 2022b).

• A website enabling the opening and analysis of research
data is currently being developed in the Netherlands: https:
//opendataexplorer.org/.

• Bernhard Mittermaier discusses, in an article, why transformative
agreements are a dead end (Mittermaier, 2025).
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In science there is no one method (Feyerabend, 1975/2002); rather,
methods are developed for problems, problems are solved, and methods
are refined or abandoned. Methods are thus like tools, and not everything
can be assembled with a single screwdriver. Open science reforms bring
countless methodological innovations, improvements, and proposals
that researchers often find overwhelming: advancing research projects,
teaching seminars and lectures, raising external funding, and now also
open science? While many problems are attributed to inadequate methods
training (Lakens, 2021b), which researchers then have to make up for on
their own time, some methods actually make the work easier. For doctoral
students in biological psychology, for example, the guide ARIADNE was
developed (https://igor-biodgps.github.io/ARIADNE/graph/graph.html).
This chapter offers an overview of methodological developments and
debates in the social sciences and in disciplines that primarily work with
statistical methods.

Meta-Analyses

Meta-analyses are studies of studies. Researchers typically extract results
from already published studies, write to other researchers in a field to
ask about unpublished studies, and use statistical methods to analyze the
similarities and differences between the results. Fletcher (2022) argues
that only meta-analyses can demonstrate the generalizability of (statistical)
phenomena. In an ideal world, everyone could carry on as before and
meta-analytic models would simply correct for the problems. Given the
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devastating extent of publication bias, however, this is currently not pos-
sible. How meta-analyses can nevertheless be informative is discussed in
general terms by Carlsson et al. (2024), and I list specific problems and
solutions below.

Assessing Publication Bias and P-Hacking

For meta-analyses, the rule is: garbage in, garbage out. Anyone who
combines many poorly conducted studies in a meta-analysis ends up with
a poor summary. This is, for instance, what happened when Hagger et
al. (2010) found a substantial effect for a model of willpower in their
meta-analysis, yet subsequent large-scale replication attempts and anal-
yses all failed to find an effect of comparable size (Dang et al., 2020; Friese
et al., 2018; Hagger et al., 2016; Vohs et al., 2021). What can still be done
— and should be done in every meta-analysis — is an assessment of data
quality, for example the extent of publication bias. There are methods
that check whether unpublished studies exist, and methods that correct for
potentially missing studies. Some of these only work with more than 200
studies, while others can already be applied to a dozen studies.

Funnel Plot

One of the oldest methods is the funnel plot (Light & Pillemer, 1984). It
plots the precision and effect size of individual studies in a single diagram.
Ideally, the points should form the shape of a funnel: the more precise a
study is (for example, due to a large sample), the closer the association
it measures should lie to the true mean. Less precise studies deviate
unsystematically, sometimes above and sometimes below. Because
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non-significant results are rarely published, funnel plots almost never
actually show a funnel shape — instead, the non-significant results are
simply missing.

The figure below shows a funnel plot for a study on the relationship
between math anxiety and math performance. The pattern is nearly sym-
metrical, indicating only weak publication bias. The small associations at
the bottom edge are skewed slightly to the right, and the precise effects at
the top are not all the same size but vary considerably.

Figure 21: Funnel plot for the relationship between math anxiety and math performance.

P-Curve

In p-hacking, data are analyzed in multiple ways and only the analysis
yielding a low, and therefore significant, p-value is reported. Results thus
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become significant not because the hypotheses are correct, but because
the data were analyzed until they became significant. In the chapter on
p-hacking we saw how p-values are distributed depending on whether the
hypothesis is correct or not. The p-curve (Simonsohn et al., 2014b, 2014a;
Simonsohn et al., 2015) makes use of exactly this fact. The p-values from
a set of studies are plotted in a diagram and their distribution is exam-
ined. If there is no p-hacking, the values are either uniformly distributed
(all p-values occur equally often) or cluster near 0 (smaller p-values occur
more often). P-hacking, however, causes the values to cluster near the
5% threshold, since the data need not be “hacked” any further than that.
The method gained particular prominence when Simmons & Simonsohn
(2017) applied it to one of the most famous phenomena in psychology,
power posing, and found that p-hacking had likely occurred there. Critics
later pointed out other ways a suspicious p-curve can arise even without
p-hacking, and the method is now rarely used (Erdfelder & Heck, 2019).

Z-Curve

Instead of using p-values, meta-analytic findings can also be converted
into so-called z-values. These are normally distributed, and additional
algorithms can be used to estimate, based on observed effects, how many
further effects there ought to be. This method, called the z-curve (Bartoš
& Schimmack, 2022), can thus correct for the file-drawer effect and for
p-hacking. Its output also includes an estimate of what the replication
rate would be if all the analyzed studies were conducted again. According
to recent studies, these estimates work quite well, although they require
a large amount of data (Röseler, 2023; Sotola, 2023; Sotola & Credé,
2022).
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Sensitivity Analysis

An approach that works not only for meta-analyses but for almost all statis-
tical analyses is the so-called sensitivity or robustness analysis. Different
analytical pathways are run through and the extent to which they affect the
results is examined. In meta-analyses, for example, many possible proce-
dures can be computed at once. Such a “shotgun” approach was coined by
Kepes et al. (2017) and has since been adopted in other studies (Körner et
al., 2022). Carter et al. (2019) provide an overview of various procedures
and the conditions under which they are suitable for particular data.

Forensic Meta-Science

Various fields have developed methods for identifying implausible data
patterns. Such techniques check, for instance, whether reported values are
even possible: if 10 people each have a value of either 0 or 1, the mean
of those 10 values cannot be 0.15, but only 0, 0.1, 0.2, 0.3, … 1.0. A
collection of guides for checking such problems is COSIG (Collection of
Open Science Integrity Guides) (Richardson, 2025).

Rules of Thumb for Assessing Individual Articles

A meta-analysis is laborious and can take several years. Even researchers
who lack the funds for student assistants to help code and check hundreds
or thousands of studies have little chance of conducting a proper analysis
on their own. The following rules of thumb — and they are not meant to
be more than that — offer shortcuts for assessing scientific quality.

181

https://osf.io/2kdez/wiki/home/
https://osf.io/2kdez/wiki/home/


Methods

Many Significant Studies

Since a crisis of confidence in social psychology in the 1960s (Lakens,
2023), many journals have required multiple studies per research article.
As a result, resources have been invested in several smaller studies rather
than one solid study. Most of these “multi-study papers” then report
exclusively significant results across as many as 10 studies. While many
studies with uniformly significant results may look impressive at first
glance, closer inspection raises suspicion: individual studies typically
have an 80-95% probability of yielding a significant result in the central
analysis. This probability (statistical power) decreases when several
studies are run in sequence. It is comparable to a marksman who hits a
glass bottle with a rifle 99% of the time. The probability that he hits a
single bottle with one shot is thus 99%. The probability that he hits 50
out of 50 bottles with 50 shots is lower, namely 99%^50 (to the power
of fifty) = 60.5%. Scientific studies undergo a similar “power deflation.”
The probability of conducting 4 significant studies, each with 80% power,
is 40.96%. Actually publishing exactly such a set of studies is then
extremely unlikely (Lakens & Etz, 2017).

Effect Sizes “Just Barely Significant”

Following the logic of the p-curve, it is unlikely that p-values fall between
1% and 5%. Due to p-hacking, however, this happens frequently. A
p-value close to 5% also comes with a confidence interval for the effect
size that is close to 0, e.g., (Jané et al., 2024). Suppose someone conducts
two studies on a topic and both have p-values near 5% with roughly equal
numbers of participants; the question then arises why the sample size was
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not increased for the later study— given a result that was only just signifi-
cant, it is clear that the researcher was “lucky,” since statistical power was
not particularly high. When planning the sample for the next study, one
should therefore build on the first study and adjust the plan accordingly,
e.g., (Lakens, 2021a).

Figure 22:Width of confidence intervals as a function of correlation size for N = 250.

Checking for Reproducibility

If a finding is tested again using the same data and, ideally, the same pro-
gram or analysis code, to check whether the same numbers come out —
not merely whether the hypothesis is confirmed again — this is called a
reproduction of the results. Unlike a replication, no new data are collected.
That results are reproducible ought to be the absolute minimum standard
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for scientific reports, yet it is far from being met. Reproduction studies
are still rare. The average success rate across fields (economics, educa-
tion, biomedicine, health sciences, geosciences) is around 50% (C. Chang
& Li, 2022; Cobey et al., 2023; Koukouraki & Kray, 2023), and even
the success rate for simple analyses using programs that explicitly output
reproducibility protocols is extremely low (Thibault et al., 2024).

Terminological Confusion

While the term replication in economics refers both to testing an
existing study with new data and to re-testing with the same data,
psychology uses the term reproduction for the latter. In biolog-
ical reproduction research, the term “reproducibility” is used instead
to avoid ambiguity. In yet other cases, such as Open Science
Collaboration (2015), replications (new data) are referred to as
“reproducibility,” while repeated tests with the same data are called
“computational reproducibility.” Finally, in some areas the bound-
aries blur — for example, when a replication of the PISA study find-
ings uses partly the same and partly new data, or when the data are
computer-generated and the same program can use a pseudo-random
number generator to produce different data with the same underlying
structure.

For a few years now, the journal Meta-Psychology has been one of the
first in psychology to conduct reproducibility checks for all published
articles. These are carried out by researchers voluntarily or as part of
their work for the journal. While this practice has already been called for
at other journals (Lindsay, 2023), it is still the exception. Reproduction
checks from all sorts of disciplines can be published at Rescience
(http://rescience.github.io). Independent of journals, the Codecheck
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community offers to check the code of any research article to verify that
it runs and that the results can be recomputed (Nüst & Eglen, 2021).
Articles with verified code can then reference the CODECHECK report,
which is uploaded as a public article on Zenodo.org.

For 2024, the Institute for Replication announced that it would reproduce
studies from the journal Nature Human Behaviour (“Promoting Reproduc-
tion and Replication at Scale,” 2024). Nature Human Behaviour is one
of the most prestigious journals in research on human behavior — though
prestige should not be equated with scientific quality. It is managed by
the Springer publishing group and charges the highest article processing
fee, around €9,000 per article. The strategic decision to focus on arti-
cles from that journal has the advantage that the people conducting the
reproducibility checks may be able to publish them there, and that the
reproductions receive considerable attention. Given the quality standards
such journals claim for themselves, and the fact that free journals like
Meta-Psychology can carry out the procedure without external help from
the Institute for Replication, we again see the familiar pattern of publishers
exploiting their prestige to extract free, profit-generating labor from the
scientific community. In the end, it is once again not the journal itself
that contributes to scientific quality assurance, but the Institute for Repli-
cation.

A shortcut for checking correctness, used by many journals, is the program
statcheck. It automatically detects classic statistical tests and checks,
based on the reported values, whether they are internally consistent.
Hartgerink (2016) checked results from over 50,000 articles with the
program and had the articles commented on via PubPeer. Because the
algorithm — as openly acknowledged in the comments — occasionally
flags values as erroneous incorrectly, and because the authors of the arti-
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cles were not warned about the comments beforehand, the DGPs (German
Psychological Society) condemned the practice (German-language
statement). The responses from the Statcheck group and from Chris
Hartgerink are no longer available.

Reproduction at the Push of a Button

Push-button replications refer to results that can be recomputed by
any researcher with little effort — at the push of a button, as it were.
While social science journals increasingly require that data and anal-
ysis code be published in a form that allows results to be recomputed,
the journal Image Processing Online (IPOL, https://www.ipol.im)
embodies the ideal of this approach: for every article published there,
a demo is available in which, after selecting an image, the algorithm
published in the article is run live.

Large-Scale Reproduction Projects

Various research disciplines have launched large-scale projects to estimate
reproducibility for entire disciplines. A pioneer in this field was Höffler’s
ReplicationWiki (https://replication.uni-goettingen.de). Subsequent
projects such as the Replication Network (https://replicationnetwork.com)
drew heavily on the data compiled there. For economics, Brodeur, Mikola,
et al. (2024) reported a reproducibility rate of 70%, and in management
science 55% (Fišar et al., 2024). The Institute for Replication (I4R)
also overlaps with the Social Science Reproduction Platform of the
Berkeley Initiative for Transparency in the Social Sciences (BITSS;
https://www.bitss.org/resources/social-science-reproduction-platform).
While I4R published a database of all results in 2024, the BITSS platform
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has already been available for some time. Alongside these predominantly
economics- and political-science-oriented initiatives, the interdisciplinary
Multi100 project investigates the robustness of 100 results from var-
ious fields (https://osf.io/q5h2c). A completed project originating in
psychology was a university’s offer to check researchers’ work for
reproducibility (D. Baker et al., 2023). In the geosciences, CODECHECK
(https://codecheck.org.uk) offers a community in which researchers
certify the one-time reproducibility of code. A journal that publishes
reproducibility checks is Rescience C (https://rescience.github.io).

Open Code

Publicly available data and code are necessary for reproduction and
robustness checks. Journals face a trade-off here between making submis-
sion harder — and thus making themselves less attractive — by imposing
higher requirements, and promoting scientific quality assurance. A similar
problem exists among the operators of panels in which large surveys or
performance tests are regularly conducted, such as the international PISA
study or the German Socio-Economic Panel (SOEP), a long-running
household panel run by DIW Berlin. In published analyses of SOEP
data, code is shared in only 20% of cases (German-language source:
https://www.wifa.uni-leipzig.de/fileadmin/Fakultät_Wifa/Institut_
für_Theoretische_Volkswirtschaftslehre/Professur_Makroökonomik/
Economics_Research_Seminar/ERS-Paper_Marcus.pdf).
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Robustness Analyses

Similar to sensitivity or robustness analyses in meta-analyses, individual
studies can also explore further paths in the “garden of forking paths.” As a
reminder: the path from data to results is long and involves many different
decisions. To show that the result does not actually depend on these deci-
sions, one can demonstrate what the results look like if different decisions
had been made. The most extreme form of such robustness analyses is the
multiverse analysis (see, e.g., Mazei et al., 2025 for recommendations).
Here, an attempt is made to make all possible decisions simultaneously.
The resulting set of results is then analyzed or presented in some form
(e.g., averaged) (Jacobsen et al., 2024). Another option is themulti-analyst
study. This concerns the dependence of results on the decisions of dif-
ferent researchers, with many people analyzing the data independently of
one another. In the end, it is checked how strongly the results agree across
researchers.

The figure below shows the results of different analysis methods applied
to a fixed dataset (fictional data). Different types of correlations, different
sample sizes, and different hypotheses were used. The result changes
slightly each time, so that the value ranges between 0.20 and 0.35, but
the positive (and significant) correlation is preserved throughout.

Reproducible Manuscripts

In the online version of this book, it is possible to display the code behind
a figure before the figure itself. With this code, the figure can easily be
reconstructed or reproduced. Research articles, too, can be written in this
way. Text, programming code, and results in the form of numbers, tables,
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Figure 23: Results of different analysis methods for a fixed, fictional dataset.

and diagrams are all written within a single program, sparing researchers
the need to copy or retype numbers. Recomputing results is also made
much easier. These programming environments are based on the so-called
Markdown language, and countless other programming languages can be
embedded within such documents.

While researchers often lack the expertise or time to make their
manuscripts reproducible, pilot projects already exist (D. Baker et al.,
2023), as do journals that support researchers in doing so (Carlsson et
al., 2017). In combination with multiverse analyses, it is also possible,
for research articles published online, to write the text so that it reacts
interactively to alternative analytical decisions. Readers can thus make
decisions within the manuscript and directly see how the results change.
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Statistics

Probably every research discipline that uses statistics has been affected
by the replication crisis. Very much in the spirit of “post hoc ergo propter
hoc” (after this, therefore because of this), this fact is often interpreted
to mean that the use of statistical methods is the cause of the replication
problems. While counterarguments hold that the methods are simply
being used incorrectly (Lakens, 2021c), some researchers also propose
changes or alternatives. A group of 72 psychologists, for instance, called
for lowering the significance threshold for new findings from 5% to
0.5% (Benjamin et al., 2018), making p-hacking harder. Others propose
banning null hypothesis significance testing (NHST) altogether and using
other methods instead: Wagenmakers (2007) advocates for Bayesian
statistics, and the journal Basic and Applied Social Psychology has
banned the use of significance tests entirely — a move that may actually
have increased the problem of false-positive findings (Fricker Jr et al.,
2019).

Open Data and Open Materials

Because of frequent fixed-term contracts and repeated moves between
universities, but also because of discontinued doctorates or people
leaving academia due to the Wissenschaftszeitvertragsgesetz (Germany’s
fixed-term academic contract law), projects must often be handed over to
other researchers. If the research materials and data are not documented
and prepared properly, time and effort are lost in the process. In extreme
cases, animals were raised and operated on in a laboratory, and the
investigation cannot be continued. Open data and materials are meant to
prevent this, to enable collaborative work, and to make errors correctable.
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In more extreme cases, researchers attempt to publish articles based on
fabricated data. Only where openly accessible data exist can such fraud
be detected (Carlisle, 2021).

Numerous studies have already shown that data are frequently not shared
even upon request, and that this has not changed in the wake of the
replication crisis (Vanpaemel et al., 2015). Moreover, whether data
are shared says nothing about whether they contain errors (Claesen
et al., 2023). More and more journals require the publication of
data (e.g., https://topfactor.org/journals?factor=Data+Transparency),
funding bodies require data management plans, tools for automated data
preparation are under development (https://leibniz-psychology.org/das-
institut/drittmittelprojekte/datawiz-ii), and numerous research data
repositories — websites where data can be uploaded and found — have
emerged.

The most important prerequisites for researchers to be able to share data
are the consent of participants (where applicable), anonymization where
necessary (e.g., for data on health or political views), and holding the
rights to the data. Participant consent is routinely obtained before a
study begins; anonymization takes place either during data collection
or afterward (e.g., for qualitative data using AMNESIA); and the rights
are usually only lacking when the data were collected on behalf of a
company. The most difficult part is probably anonymization. Campbell
et al. (2023), for example, report how they anonymized accounts from
survivors of sexual assault using a multi-stage process in which names,
dates, locations, trauma histories, and other sensitive information were
redacted.
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Where Are Research Data Uploaded?

Depending on the field and institution, research data are archived
in different places. Universities often have their own services,
but field-specific repositories are usually better for discoverability:
psychologists frequently use the Open Science Framework (OSF),
PsychArchives from the Leibniz Institute for Psychology, or
Researchbox.org. For the social sciences, the Leibniz Institute for
the Social Sciences offers various resources via GESIS. In chemistry,
LISTER is software under development that semi-automatically
describes data based on electronic lab notebooks. Re3data provides
an overview of research data repositories (e.g., by field).

Table 15: Repositories for research data.

Field Repository

Interdisciplinary, mainly psychology osf.io
Social sciences data.gesis.org
Political science and social sciences icpsr.umich.edu
Life sciences Pangaea.de
Arts and humanities de.Dariah.eu
Linguistics Clarin.eu
Biology gfbio.org
Materials science nomad-lab.eu
Qualitative data qdr.syr.edu
Interdisciplinary openbis.ch
Interdisciplinary about.coscine.de
Interdisciplinary frdr-dfdr.ca/repo
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Where Are Research Data Published?

Repositories allow research data to be published with a mouse click.
If additional features such as interactive analyses or peer review
are desired, researchers use dedicated tools and specialized journals.
Psychological datasets, for example, can be published in the Journal
of Open Psychology Data, the R package PsyMetaData (Rodriguez
& Williams, 2022) contains data from psychological meta-analyses,
and the journal Inggrid publishes data from engineering research.
On dedicated websites, researchers can access chat log data volun-
tarily shared and anonymized by individuals at MOCODA, down-
load data on human cooperation at CODA, or analyze estimation
judgments at OpAQ.

Criteria for Preparing Research Data

Merely uploading research data to awebsite is not enough tomake research
more transparent. Typically, the data are linked in the research article in
which they were used, and a codebook is provided that explains what the
various values mean.

The table below shows an excerpt from a fictional dataset with three
variables. Real datasets usually contain many more variables (e.g., the
Abitur grade broken down by subject, demographic data such as age and
gender, date of the survey, and sometimes variables with cryptic names
like “V1_Z01” or “V0815”). Here, the three variables (i.e., columns) are
“ID,” a sequential number identifying each participant; “IQ,” the mea-
sured IQ score from a particular intelligence test; and “Abitur grade,” the
grade from participants’ German school-leaving exam, which participants
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reported themselves. (German school-leaving grades run from 1.0, the
best, to 6.0, the worst — the inverse of a US-style GPA, where a higher
number is better.) The codebook contains this information.

Table 16: Example of a dataset.

ID IQ Abitur grade

1 103 2.6
2 86 2.4
3 112 1.8

FAIR and CARE

The FAIR principles for research data were developed on an interdis-
ciplinary basis. They recommend that data be archived so as to be
findable (F), accessible (A), interoperable (I) across different computer
systems, and reusable (R). De Waard (2016) structures these require-
ments as a pyramid, with storage as the foundation, sharing above
that, and quality assurance at the top. According to an EU report, the
annual cost of data not complying with the FAIR principles amounts
to €10.2 billion. Discipline-specific templates for making shared data
FAIR are currently being developed by the Center for Open Science
(www.cos.io/blog/cedar-embeddable-editor).

The CARE principles go a step further. They were designed for data col-
lection involving Indigenous peoples, and originate from the Indigenous
data sovereignty movement (e.g., the Global Indigenous Data Alliance).
Building on FAIR, they call for collective benefit (C) of the data — for
example, usability by society. Local examples from Germany include
flood hazard maps (German-language) and the city of Münster’s “Cool
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City Map” (German-language), which lets residents mark places that
stay cool on hot days. The people represented in the data must be given
authority to control (A) how the data are used — that is, they should have
a say in how the data appear. To preserve their self-determination, data
should also be shared responsibly (R), and their rights and well-being
should be central to the research (Ethics). When non-scientists actively
participate in data collection or preparation, this is referred to as citizen
science. For example, people can send their collected love letters to
the German-language Liebesbriefarchiv (Love Letter Archive), which
allows the German language, social conventions, and cultural change to
be studied more comprehensively than would be possible using only a
handful of famous scholars, or people can operate space telescopes over
the internet from their own home computer (http://www.aim-muenster.de).
This does not mean that laypeople conduct research on the basis of which
they overturn “classic” research findings (Levy, 2022), but rather that they
gain insight into the research process and can contribute to knowledge
generation under guidance.

Requesting Research Data from Governments

When governments commission companies to answer research ques-
tions, citizens can request the underlying data. In the United
Kingdom, for example, there is the platform WhatDoTheyKnow; in
Germany, the equivalent is FragDenStaat. In one study, Maier et al.
(2024) used such data to check whether recommendations regarding
open science practices had been taken into account.
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Concerns About Open Data

Data Police

The discourse around open science is at times highly charged: researchers
who ask for data, or use data to identify errors, are labeled data parasites,
data police, or even data terrorists. The claim that “those who have nothing
to hide have nothing to fear” has a dystopian undertone, and in politically
charged times, and in the face of plagiarism hunters, researchers are under-
standably reluctant to make themselves fully transparent. In this context,
however, it should be kept in mind that science is not a solitary hobby
but a profession with social responsibility. Anyone hiding something here
should rightly be suspected of not doing proper science. Fittingly, the out-
side wall of the University and State Library in Münster bears large red
letters reading “Gehorche keinem” — “obey no one.” Form your own
opinion instead — go to the researchers’ work and data and see the truth
for yourself. When researchers do not share their data and publish articles
behind paywalls, this constitutes an unnecessary obstacle to independent
opinion-forming.

Data Theft

Sharing data often conflicts with the goal of maintaining a competitive
advantage over other researchers. This means that researchers withhold
their data, publish as many articles as possible based on it, and only share
the data once there is “nothing left to extract” from it. The concern is
that other researchers might be quicker to publish articles based on the
data. In practice, however, the data end up not being published at all. It
is important to understand, regarding this concern, that sharing data does
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not mean giving away data. When sharing, researchers can attach a license
that, for example, specifies how the data must be cited. If other researchers
fail to comply, they risk their careers. Furthermore, it is easier to prove
who originally collected the data if that person published it early on.

Citation Counts

Open data is sometimes promoted with the argument that it leads to more
citations. Thismotivates some scientists more than good scientific practice
does, but is probably not actually true (Colavizza et al., 2020).

What Does Long-Term Archiving Mean?

Funding bodies sometimes require long-term archiving. Depending
on the context, this means that data must be stored and retrievable for
20 or 50 years. A somewhat extreme variant of long-term archiving
was carried out with data from Github.io: all data that had been
uploaded there as of February 2, 2020 were saved and transported
to a disused coal mine in Norway. There they are meant to remain
retrievable for up to 1,000 years.

Increasing Replicability

The approaches discussed so far, such as meta-analyses or reproducibility
checks, can often be applied to existing projects. The following proposals,
however, are more difficult to apply retroactively— they are mainly suited
to new research and aim to increase the replicability of newly published
studies. This includes stricter methodological standards or replications
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carried out before publication (“internal replications”), as is standard prac-
tice, for instance, in genetic epidemiology. A positive side effect here is
that research groups join forces for replication studies and exchange data
(Royal Netherlands Academy of Arts and Sciences, 2018). As discussed in
the book’s conclusion, it is difficult to make a general, cross-disciplinary
statement about whether these proposals actually affect replicability, given
how rare replication studies still are. Even in social psychology, replica-
tions are currently still the least-implemented measure among all open sci-
ence recommendations (Glöckner et al., 2024). Either way, the value of
measures that generally increase the transparency of research is clear with
respect to replication difficulties and p-hacking.

Transparent Reports

Aczel et al. (2020) designed a Transparency Checklist that
researchers can work through point by point to check whether
their research report is transparent. In the online app (https:
//www.shinyapps.org/apps/TransparencyChecklist/), a report can
then be generated and attached to the research article. The check-
list is divided into the topics of preregistration, methods, results, and
data/code/materials. Regarding results, for example, it asks whether
the number of observations was reported for all groups. The check-
list is currently available in about 30 languages. The checklist by
Aczel et al. (2020) is, however, primarily suited to quantitative
studies. For qualitative and mixed-methods studies, Symonds &
Tang (2024) have developed an assessment scheme.
A further and shorter variant is the 21-word solution. Here, a pro-
posed statement (Simmons et al., 2012) is included in the report,
assuring readers that no studies (or results) were withheld. It is far
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less rigorous and comprehensive than the transparency checklist, but
it lowers the barrier to engaging with the transparency of research
reports.
For animal studies, the ARRIVE guidelines were developed.
Building on these, the LAG-R standards aim to ensure clear reporting
of the genetic make-up of the animals studied (Teboul et al., 2024).

Preregistration

Research is either confirmatory (i.e., researchers have thought through
in advance which data they will collect, which analyses they will run,
and what the possible results might be) or exploratory (i.e., researchers
try to approach a topic without preconceptions, generating questions
for future, possibly confirmatory, research). Whenever research is
confirmatory, it should be preregistered. This means that all the thinking
researchers should have done in advance should be written down before
data collection begins. Preregistrations are meant to prevent researchers
from ending up in a garden of forking paths— or rather, they help fix the
path in advance, so that it is no longer possible afterward to change the
path in order to produce the desired results.
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Figure 24: Preregistration fixes the path through the garden of forking paths in advance.
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Agood preregistration is characterized by researchers stripping themselves
of all degrees of freedom (Wicherts, Veldkamp, Augusteijn, Bakker, van
Aert, et al., 2016) and specifying in advance all the decisions they will
make on the way from data to results. Preregistrations should also be well
structured, so that other people can easily verify what was determined
beforehand (Simmons et al., 2020). To record all necessary decisions
(e.g., how to handle missing values or the planned number of participants)
in a structured way, preregistration templates exist. These exist for all
kinds of areas, such as social-psychological experiments (van ’t Veer &
Giner-Sorolla, 2016) or replication studies (Brandt et al., 2014). A collec-
tion of more than 20 templates along with their intended uses is available
here. Researchers with little experience in a given area are supported by
such templates. For instance, preregistration templates for meta-analyses
include overviews of literature databases and already incorporate gold stan-
dards for transparent reporting (PRISMA, David Moher et al., n.d.). More-
over, the preregistration materials can later be reused for the manuscript
itself.

The method of preregistration developed within psychology, drawing on
the registration of studies involving human participants in medicine and
the registration of meta-analyses. Like some other models, it transfers
to many other fields without major adaptation — for example, to paleon-
tology (Drage & Wong Hearing, 2023).

Preregistration Should Always Include an Analysis Plan and
Analysis Code

Regarding the spread of preregistration, there is an ongoing debate about
whether it should be introduced in as simple and resource-efficient a form

201

https://osf.io/7xrn9


Methods

as possible, or whether extensive and carefully prepared preregistrations
should be required. For instance, the widely used template from aspre-
dicted.org consists of only 11 questions and does not allow analysis code
or other files to be attached. Since the purpose of preregistration is to pre-
vent p-hacking, compromises on the scope of preregistrations make little
sense.

Analysis code is based on a particular program and corresponding program-
ming language and carries out the preparation of the data (e.g., computing
scores, excluding observations) as well as the analyses themselves. Tradi-
tionally, it is written after the data have been collected. This can render
studies worthless, because it may only become apparent after data collec-
tion that the planned analyses are not feasible, and because studies may
then be analyzed in whatever way produces the desired results (p-hacking).
Akker et al. (2023) were unable to demonstrate, for psychology research
articles, that preregistration protects against p-hacking, but they did not
distinguish between preregistrations with and without an analysis plan.
For Registered Reports, which typically require a fully worked-out anal-
ysis plan, Scheel et al. (2021) were able to show that the proportion of
hypothesis-confirming results drops sharply. Using thousands of statis-
tical tests from economics research articles, Brodeur, Cook, et al. (2024)
showed that preregistration only protects against p-hacking when an anal-
ysis plan is present. An analysis plan differs from analysis code in that the
latter is unambiguous. A plan might state, for example, “we will compute
the correlation between variable X and variable Y and test whether it is
significant.” This does not specify which significance level will be used,
whether a one-tailed or two-tailed test will be performed, which type of
correlation will be computed (Pearson, Spearman, Kendall), how missing
values will be handled, and so on. The probability of obtaining a signifi-
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cant result when the true correlation is 0 then rises from the nominal sig-
nificance level of, say, 5% to 10%. This cannot happen with programming
code (e.g., “cor.test(x, y)”), since the default settings used when something
is left unspecified are clearly defined there. Reviewers of research should
therefore pay close attention to exactly what is included in a preregistration
(Thibault et al., 2023).

Deviations from Preregistrations

“The more deliberately people proceed, the more effectively chance strikes
them” (my translation), as Friedrich Dürrenmatt puts it in point 8 of his 21
Points to The Physicists (Dürrenmatt, 2012). The same holds for prereg-
istrations: researchers cannot anticipate every eventuality. It must there-
fore be expected that, due to programming errors, reasoning errors, or pre-
viously unconsidered arguments, researchers will need to proceed differ-
ently than specified in the preregistration. Deviations from preregistra-
tions are very common (Heirene et al., 2021) — for instance, the actual
sample size differs from the target sample size in more than 50% of cases.
Once again, transparency is what distinguishes the right way to handle
this: every deviation should be clearly communicated, and it should be
discussed why the deviation occurred and how it affects the results (e.g.,
by checking whether results change when the target sample rather than
the full, larger-than-planned sample is used) (Heirene et al., 2021; see
also Lakens, 2024). Currently, reviewers do not check preregistrations
or deviations from them (Syed, 2023; TARG Meta-Research Group and
Collaborators et al., 2021). Tools that do this automatically are, however,
under development (e.g., RegCheck, https://regcheck.app).
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Where Are Studies Preregistered?

A broad infrastructure already exists for preregistering studies.
Researchers can, for example, preregister studies via the Open Sci-
ence Framework (osf.io) and also upload data, materials, analyses, and
manuscripts there, as well as later publish preprints. Projects and prereg-
istrations can also remain private or anonymized, and preregistrations
can be placed under a multi-year embargo — a period during which the
preregistration is not yet public and can only be accessed via a special link.
All public preregistrations are automatically indexed by Google Scholar
and are thereafter findable, citable, and also visible in the OSF search
engine. Within OSF, either open templates or specific existing templates,
such as the one by Brandt et al. (2014), can be used for preregistration
(further templates will be incorporated in the future).

Another preregistration provider is aspredicted.org, though no files
can be attached there, and its 11 questions are primarily suited to
classic psychological studies. Medical studies are registered — usu-
ally without the details that are important for genuine preregistration
— via https://clinicaltrials.gov, and meta-analyses via PROSPERO
(http://www.crd.york.ac.uk/PROSPERO/).

204

https://osf.io/registries
https://osf.io/registries
https://www.cos.io/blog/call-for-submission-for-preregistration-templates
https://clinicaltrials.gov
http://www.crd.york.ac.uk/PROSPERO/


Methods

Preregistration Checklist

Before conducting the study

• The methodology and analysis plan of the study have been
described completely and in a structured way (ideally using a
template)

• The analysis script has been written and tested using test data
or random numbers, and it works

• The preregistration has been time-stamped and archived
before the study (e.g., via OSF.io)

After conducting the study

• A link to the preregistration is included in the manuscript (e.g.,
in the methods section or in a paragraph on the transparency
and openness of the study, ideally paired with links to data and
materials)

• All deviations from the preregistration are listed and justified

What If the Desired Results Do Not Come Out?

A question researchers often ask me when discussing preregistration once
again demonstrates the discrepancy between research that is good for sci-
ence and research that is good for one’s career. A preregistration pre-
vents results from being dressed up (p-hacking). This increases the risk
of obtaining results that are hard to publish, for example because they are
not groundbreaking or not as expected. While a preregistration thus dis-
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tinguishes researchers who are genuinely interested in good science, it can
currently — in various research disciplines — have negative career conse-
quences for not embellishing one’s data.

Planning Sample Size

Another method, recommended mainly for confirmatory research using
statistical methods, is planning the sample size. This planning can be based
on available resources or other constraints, but in the social sciences and
medicine it is often done via power analyses. Statistical power is the prob-
ability of detecting an association of a given size if such an association
actually exists. The underlying logic is that an association should not go
undetected simply because the study was not adequately designed to detect
it.

Power analyses have been known for a long time, and it is regularly
criticized, at least within psychology, that they are conducted too rarely
(Cohen, 1988, 1992). While they are still often absent or insufficiently
integrated into students’ methods training, there are now extensive guides
(Lakens, 2021a), software tools (Champely, 2020; Faul et al., 2007; Faul
et al., 2009; Zhang & Mai, 2022), and video tutorials. Methods have
meanwhile also been developed for alternative significance tests [equiv-
alence tests; Lakens (2017); Lakens et al. (2018)] and for replications
(Simonsohn, 2015). A particular type of sample planning is based on
Bayesian statistics and is recommended especially in ethically sensitive
situations such as animal behavior research: Richter (2024) proposes
computing the so-called Bayes factor — which, unlike p-values from
significance tests, also converges when there is no true association —
after every observation or trial, and concluding the study once a certain
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value has been exceeded. It is important to note that this approach is
explicitly suited only to Bayesian analyses.

Effect Sizes Instead of P-Values

It is now clear that statistical methods are frequently misunderstood and
misused (Gigerenzer, 2004; Lakens, 2021b; Perezgonzalez, 2014). The
discussion is currently shifting from p-values (Uygun Tunç et al., 2023)
toward effect sizes and the question of what role different values play. For
example, Vohs et al. (2021) were able to demonstrate that the controver-
sial effect of diminishing self-control in the ego depletion paradigm does
exist (i.e., it is not equal to 0) — but in their study it was so small that
a successful demonstration alone would require over 6,700 participants,
more than any experiment ever conducted on the topic, and almost twice
the 3,524 participants used by Vohs et al. (2021). It remains controver-
sial whether researchers should focus on easily demonstrable phenomena,
so-called “low-hanging fruit” (R. Baumeister, 2020), whether there is a
threshold belowwhich phenomena are practically undetectable and thus of
no interest (Primbs et al., 2023), and what practical relevance such small
effects have (Anvari et al., 2021).

Qualitative Research

In qualitative research, there is often no clear research question fixed in
advance; instead, it is developed over the course of the research process.
Alongside anonymization (Campbell et al., 2023), preregistration there-
fore also plays a special role. Nevertheless, there are typical procedures
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— for example, decisions about how to code responses — that can be pre-
registered using dedicated templates.

Open Source Software

Research without programs for literature search, reference management,
data analysis, and academic writing is unthinkable in most disciplines.
Even the systems used by academic journals to structure the submission
process (submission, review, revision, publication) are based on software.
This relevant area within software is called “research software engi-
neering,” and the challenge is that researchers, despite having had little
prior contact with writing software (e.g., analysis code), must acquire
expertise in this area. This ranges from general recommendations on the
“idioms” of programming languages (e.g., the Zen of Python) all the way
to collaborative work using systems like GitHub or GitLab.

Open source means that a program’s source code is readable and can be
freely reused. This makes it possible to trace exactly what the program
does. While, for example, the statistical software IBM SPSS has no such
visible code, in GNU R every step of a statistical calculation can be traced.
Errors that can jeopardize entire branches of science (Soergel, 2014) are
easier to detect in open source programs. In cryptography there is talk
of Kerckhoffs’s principle, which states that even encryption methods are
more secure when only the key — not the encryption method itself —
is kept secret. For example, software for analyzing fMRI data (a type
of “brain scan”) was not properly validated until 15 years after its intro-
duction, and its quality turned out to be inadequate (Eklund et al., 2016).
Furthermore, proprietary software — software “owned” by a company or
an individual — carries the risk of lock-in: people come to rely on the
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program and align their workflows closely with it. At some point they
become dependent on it, for example being able to manage their data
only with that one program, or facing enormous costs if they were to
switch (Brembs et al., 2023). A license that identifies software as open
source is the GNU license. Widely used proprietary software outside of
research includesMicrosoftWindows and the Office suite, Adobe Acrobat
for reading PDF files, or Zoom for video calls. While the German gov-
ernment of the 2021-2025 legislative period set itself the goal of putting
software projects out to tender as open source projects, it failed to follow
through on this.

In short: for research in which traceability plays a primary role, open
source software should be used wherever possible. For some methods
this is currently not possible; there, it is the task of university libraries, as
custodians of knowledge (Quan, 2021), and of professional societies, as
the disciplines’ points of contact, to provide or commission the necessary
infrastructure.

A “Copy” of the Open Science Framework

One of the most valuable tools in the social sciences is the Open Sci-
ence Framework (osf.io). It gives researchers the ability to prereg-
ister studies and publish data, research reports, and materials. The
entire codebase is available online andwas copied for another project
(GakuNin RDM) and adapted to its needs. Licensing terms clearly
permit the code to be copied and reused. This openness of knowl-
edge makes it possible to create similar offerings without having to
start from scratch.
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Table 17: Commercial and non-commercial software.

Infrastructure Commercial Software
Non-Commercial
Software

Literature database SCOPUS OpenAlex (Priem et al.,
2022b)

Reference management Citavi, Mendeley Zotero (Puckett, 2011)
Data collection Unipark, Millisecond

Inquisit
PsychoPy (Peirce et al.,
2022)

Statistical data analysis IBM SPSS, Stata GNU R (R Core Team,
2018), PSPP (Yagnik,
2014), JASP (Love et al.,
2019)

Review and publication Editorial Manager Open Journal System
(Willinsky, 2005)

Slow Science

Many open science developments can be summarized under the heading of
“slow science.” The traditional mass production of low-quality research
articles stands in contrast to a more mindful engagement and thorough
scrutiny. Hyman (2024), for example, criticizes the fact that many of the
proposed solutions put researchers at a disadvantage in the competition
to publish. He proposes instead to solve these problems using artificial
intelligence. Publishers such as Elsevier are already using AI for peer
review, even though models like ChatGPT 4.0 are not actually suited to
this task (Thelwall, 2024).
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Big Team Science

Large-scale research projects such as ManyBabies (Byers-Heinlein et al.,
2020), replication projects (Open Science Collaboration, 2015), initiatives
like FORRT (Azevedo et al., 2019), and software development efforts
such as GNU R (R Core Team, 2018) have shown what large groups of
researchers are capable of, and that many current problems cannot be
solved by individual researchers alone. In physics, the record for the
largest number of authors on a single study is held by a paper from CERN
on the Higgs boson. About 15 of the 33 pages consist solely of the names
of the people involved, with additional pages for their institutions (Aad et
al., 2015). In this context, the concept of “authors” is shifting toward that
of “contributors” (A. Holcombe, 2019).

To clearly state who did what, researchers can use the Contributor Roles
Taxonomy (CRediT, A. O. Holcombe, 2019), which consists of standard-
ized role descriptions. Apps can then be used to generate simple tables or
lists showing the contributions of everyone involved (A. O. Holcombe et
al., 2020).

Further Reading

• Kepes et al. (2023) have developed a beginner’s guide for assessing
publication bias.

• For preclinical studies, CAMARADES Berlin maintains a wiki on
systematic reviews: https://www.camarades.de.
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• Harrer et al. (2021) have written a freely available book on
conducting meta-analyses: https://bookdown.org/MathiasHarrer/
Doing_Meta_Analysis_in_R/.

• Adler et al. (2023) have compiled various tools for the heuristic
assessment of the trustworthiness of scientific findings. At https:
//mktg.shinyapps.io/Toolbox_App/, researchers can enter data and
run the various procedures.

• Wilson et al. (2017) compile recommendations that all researchers
should follow to ensure reproducibility.

• Giehl et al. (2024) discuss the technical hurdles involved in sharing
human neuroimaging data.

• The recommendations of the German Psychological Society (DGPs)
on handling research data (Schönbrodt et al., 2017) are available
online (in German): https://www.uni-muenster.de/imperia/md/
content/fb7/ethikkommission/dgps_datenmanagement_deu_
9.11.16.pdf.

• https://www.datalad.org is a free program that automatically docu-
ments how knowledge is derived from data.

• Typical myths about open data are discussed in a blog post by Elina
Takola: https://www.sortee.org/blog/2024/04/12/2024_open_data_
myths/.

• With the FAIR-Aware quiz (https://fairaware.dans.knaw.nl),
researchers can test their knowledge about sharing research data.

• Open educational materials on FAIR data are provided by Jürgen
Schneider and by the University Library of Mannheim.
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• Examples of citizen science and ways to get involved can be
found at mitforschen.org and Wissenschaft-im-Dialog.de (both
German-language).

• An overview and translations of the Contributor Roles Taxonomy
are available online: CRediT translation project on GitHub.

• A guide to open source software (in German) is provided
by the German IT industry association Bitkom: https://
www.bitkom.org/Bitkom/Publikationen/Open-Source-Leitfaden-
Praxisempfehlungen-fuer-Open-Source-Software.

• On the YouTube channel “Veritasium,” open source soft-
ware is discussed in the context of a security vulnerability:
https://www.youtube.com/watch?v=aoag03mSuXQ.
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In science, theories often serve the function of a signpost. They make it
possible to estimate what the results of a study will look like before it is
conducted. If the results are therefore not as expected—for example, when
a replication fails—there is a suspicion that the theory might be wrong or
incomplete. In psychology, where theories are frequently formulated in
everyday language rather than formalized (i.e., as mathematical formulas),
the value of formal variants has long been debated (Meehl, 2004; Platt,
1964; Wilcox & Rousselet, 2024), and replication failures are attributed to
theories being too imprecise, ambiguous, and poorly developed. The pre-
vailing motto is that theories are like toothbrushes, and one should never
use someone else’s. This problem has existed for decades without much
having changed (Lakens, 2023; Muthukrishna & Henrich, 2019). In the
meantime, however, there are efforts to solve the problem as well (Buzbas
& Devezer, 2023b; Sion & Earp, 2024), for example by highlighting
the advantages of established formal theories (Robinaugh et al., 2021),
developing tools for formalizing theories (https://www.theorymaps.org),
or through the efforts of individual researchers. The value of replication
studies is seen, within the context of the “theory crisis,” in the fact that
only repeated investigation can establish the conditions under which
a particular phenomenon can be demonstrated (Buzbas & Devezer,
2023b).

Specification and Formalization

The problem of a theory expressed in everyday language can be illustrated
as follows: Wagenmakers et al. (2016) attempted to replicate a study

https://www.theorymaps.org
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on the facial feedback hypothesis. The hypothesis states that people find
things funnier when they hold a pen in their mouth in a way that engages
the muscles also used when grinning, compared to holding the pen dif-
ferently. To check whether participants held their pens correctly in their
mouths, they were filmed in the replication study. This was not the case
in the original study. The replication studies failed, and the authors of
the original study cited the difference in camera presence as the reason
the replication failed (Strack, 2016). Whether and how the presence of
a camera in the experimental setup is relevant was not part of the theory
or hypothesis. Because the theory is formulated in ordinary language, an
infinite number of such “post hoc” explanations can be introduced into
the discussion, explanations that relativize any replication failure. Such
misunderstandings are rarer with a formal theory.

The fact that theories are hard to understand and not very informative
results in most theories never being falsified, yet also never being investi-
gated further (“zombie theories,” C. J. Ferguson & Heene, 2012). Some-
thing similar applies to psychological scales, most of which are used only
once (Elson et al., 2023). Flexible theories also make p-hacking easier:
since the theory contains no specification for how the data should be pro-
cessed, whichever variant confirms the theory can be chosen (Van den
Akker et al., 2022).

Adversarial Collaborations

One approach intended to prevent uninformative studies from being
conducted and to keep discussions from focusing on differing interpreta-
tions of theories is adversarial collaboration (adversarial collaborations,
Cleeremans, 2022). In this approach, proponents of two incompatible

216



Theories

positions work together, for example to design a study intended to settle
the conflict (Cowan et al., 2020; Mellers et al., 2001).

Further Information

• Trafimow & Earp (2016) describe how replications are possible
even without a theory.
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Having discussed systemic, methodological, and theoretical reasons for
the replication crisis, the discussion ends with a general, ontological point:
the expectation that findings must be repeatedly reproducible rests on the
assumption, or theory, that the world – or at least the particular regularity
being studied – is stable. Given fluctuating patterns in the world or in
human behavior, replication failures are unsurprising. For psychology,
for instance, Smedslund (2015) has criticized this assumption as false
and has cited this historicity as one of the reasons why psychology
cannot be a natural science. Gergen (1973) made a similar argument.
Both perspectives may have their origin in the foundational debates of
psychology: at the beginning of the 20th century, as psychology gradually
distanced itself from philosophy and worked increasingly empirically
(that is, through observation rather than mere reasoning), Dilthey &
Riedel (1970) divided the natural sciences and the humanities on the
grounds that the natural sciences are not concerned with re-experiencing
and understanding, but with abstract, general (nomothetic) laws. The
humanities, by contrast, examine processes within a concrete and unique
(idiographic) context, together with all their particular features. In the
long run, it was the natural-scientific approach that became established,
one that had already yielded fruitful insights 50 years earlier (Fechner,
1860).

Chance also plays a special role in generalizing from individual obser-
vations to universally valid regularities. What is distinctive about statis-
tical methods, for example, is that uncertainty is expressed as a number
and thereby quantified. The important question in the context of replica-
tion problems is whether differences between findings arise by chance or
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because of some actual difference. These two kinds of chance are referred
to as ontological and epistemic chance. Ontological chance means that
there simply is no reason, whereas with epistemic chance we merely do
not know the reason. The outcome of a coin flip – that is, whether the coin
lands on heads or tails – is, for example, a case of epistemic chance: if we
knew all the relevant parameters (the height of the hand, the force of the
throw, which side faces up when tossed, and so on), we could predict with
certainty how the coin would land. Incidentally, fair coins mostly land on
the same side they started on (Bartoš et al., 2023).
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Researchers work under considerable pressure, and the academic system
rewards innovation and clear-cut results more than it rewards care and
openness. In the social sciences, more and more researchers are joining
forces to address these problems. Emerging from the trust crisis, large
parts of psychology already find themselves in a renaissance. Discussions
are being held every day, at the personal, institutional, and political level,
about how science should be conducted. It has become clear that, unlike
some economic markets, science does not have an “invisible hand” that
brings everything into balance – instead, it is researchers themselves who
actively work toward the self-correction of science. Before an interven-
tion to improve research can take place, however, an inventory is first
needed (where are improvements necessary?), followed by observation.
This book offers an inventory of problems and proposed solutions. It is
now the role of meta-science, that is, science about science, to examine
which approaches work, and how well.

Excellent Research Is Open Research

In some areas, Open Science has developed from something positive that
was not missed when absent into something taken for granted. In the dis-
course, this is occasionally referred to as the Open Science Kano model.
While this does not hold for all facets of Open Science (for example, not
for citizen science), one thing is clear: enabling a (rapid) growth of knowl-
edge requires that knowledge be verifiable. This is only possible with open
research reports (Open Access), open data (Open Data), and verifiable cal-
culations (Open Code, reproducibility).
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What Has Improved?

I hope the chapters on solutions have made clear that there is no problem
for which at least one proposed solution does not already exist, and
that these solutions are already being implemented in diverse ways
(Korbmacher et al., 2023). For example, guidelines have been developed
for replication research, and replications are increasingly seen not as
personal attacks but as a useful tool (Nosek et al., 2022). Stricter
requirements for reporting statistical tests have had a marked effect
on their traceability (Giofrè et al., 2023), preregistration has reduced
p-hacking (Brodeur, Cook, et al., 2024), and in some cases extremely
high replication rates have been achieved using modern methods (Protzko
et al., 2023; see also the critique by Bak-Coleman & Devezer, 2023).
The proportion of researchers in psychology using these approaches rose
sharply between 2010 and 2020, from 49% to 87% (J. Ferguson et al.,
2023).

What Remains to Be Done?

In many disciplines, active engagement with Open Science is still pending.
While social and personality psychology play a pioneering role among
the social sciences, engagement in consumer psychology, or beyond
psychology in medicine, education science, or sociology, only began a
few years ago. And even within psychology, substantial gaps remain.
For example, only 34 of 88 journals published replication studies, which
accounted for just 0.2% of all published studies overall (Clarke et al.,
2023; Feldman, 2024).
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In general: to move these discussions beyond mere intuition, a
meta-scientific evaluation of the new methods is indispensable (Dudda et
al., 2024; Phaf, 2024; Soderberg et al., 2021). This brings us back to the
spectrum of possible reactions to replication failures: should a theory be
discarded immediately after a failed replication, or would that be too rad-
ical, with a certain persistence on the part of researchers instead helping
to establish strong theories (Phaf, 2024)? Interdisciplinary collaboration
would also be valuable: for instance, it would save a great deal of effort
if terminology were developed across disciplines rather than separately
(and with much redundancy) for psychology (Hüffmeier et al., 2016), the
humanities (Schöch, 2023), and marketing (Urminsky & Dietvorst, 2024).
In some areas it remains entirely unclear what replication success even
looks like, making it difficult to judge whether two studies examining
the same question arrive at the same result. Even where this is clear,
the success rate depends heavily on how replication success is measured
(https://forrt.org/FReD/articles/success_criteria.html).

Open Science is occasionally equated with Open Access. While Open Sci-
ence is much more than that, the debate over Open Access is one of the
oldest and, to some extent, independent of issues of research integrity. The
social dilemma of how researchers can become independent of commercial
publishers is still far from resolved. Whether transformative agreements
between universities and publishers (for example, Germany’s nationwide
DEAL agreements, negotiated collectively by German research organisa-
tions) will succeed remains uncertain.

225

https://forrt.org/FReD/articles/success_criteria.html


Conclusion and Outlook

Open Washing

Even research that addresses the topic of Open Science sometimes
fails to meet the very criteria it calls for. For example, an article
by Open Science advocates (Protzko et al., 2023) has drawn criti-
cism because it deviated from its preregistration without transpar-
ently reporting this.

What Is Happening Right Now?

The ideas and findings discussed here are a current snapshot of a dynamic
discourse. More and more universities are founding Open Science cen-
ters and engaging with the associated topics. Germany’s national research
funder, the DFG, funds a Priority Programme (Schwerpunktprogramm) on
meta-science and replicability, coordinated from LMU Munich (Ludwig
Maximilian University of Munich). The American Center for Open Sci-
ence is working on numerous projects, and within the European FORRT
initiative, projects and teams are being organized. It is now only a matter
of time before all researchers become aware of the problems and proposed
solutions and take part in improving scholarship.

War and Open Science

A topic still relatively little addressed at present is that of war. Many
research institutions are subject to embargoes that require collabo-
rations with researchers from certain countries, such as China or
Russia, to be reported or even avoided altogether. Depending on
one’s epistemological standpoint, different developments are con-
ceivable:
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• Positivism: Assuming that there is one single truth
(Wittgenstein, 1922/2004) that everyone merely needs to
uncover, opposing nations must be seen as competitors with
whom knowledge should not be shared. Science would there-
fore need to close itself off toward them. How this could be
achieved with respect to online databases is primarily a tech-
nical question.

• Relationist: In the sense of Fleck (1935/2015), truth is socially
anchored, and different societies can, in theory, operate with
different truths. Researchers from opposing nations might, as
a result, have no interest at all in each other’s viewpoints, or
might dismiss them as politically tainted.

• Nationalist: From this perspective, one could argue that a
society that funds science should be the primary beneficiary
of it.

• Altruistic/idealistic: Drawing on the Mertonian norms
(Merton, 1968), science can be understood as a commons
belonging to all people, to which no one has privileged access
(the communism of scientific knowledge) and from which all
people can benefit. Under this view, science does not stop at
political borders. From this perspective, Open Science could
be understood as a diplomatic strategy for scientific exchange
despite political differences.

Which perspective will ultimately prevail remains uncertain. In
the context of the war in Israel and Gaza and an open letter from
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researchers on the subject, the German Federal Ministry of Educa-
tion and Research compiled, in June 2024, lists of university faculty
with particular political views and examined the possibility of cut-
ting their research funding. This funding affair is perceived across
the academic community – irrespective of its political background –
as a threat to academic freedom, and is more compatible with nation-
alist and positivist perspectives.

There is a tension in the communication between researchers and society:
among themselves, researchers must communicate that reforms and
improvements in science are necessary – which is most easily achieved by
pointing to problems. In dialogue with society, however, pointing to these
problems can undermine trust in science (Penders, 2024). It is therefore
worth emphasizing that science is not finished (indeed, strictly speaking,
it is never finished), but this does not mean it is any less trustworthy than
rumors, conspiracy theories, individual experiences, or religion. Rather,
a self-critical stance is a central component of science and a sign that its
self-correction mechanisms are working.

Further Information

• Retractionwatch reports on current news about errors in research:
https://retractionwatch.com.

• On her YouTube channel, Mai Thi Nguyen-Kim, a German
science communicator, discusses problems such as pub-
lication bias and self-correction mechanisms (in German):
https://www.youtube.com/watch?v=DHyRaUeHcGY.
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• Sabine Hossenfelder addresses, in a YouTube video, the question of
how climate scientists (should) communicate their findings: https:
//www.youtube.com/watch?v=gMOjD_Lt8qY.

• The German network of Open Science initiatives connects
researchers for talks and workshops on Open Science: OSF wiki of
the network.

• An introduction to Open Science for students is offered by C.
Pennington (2023), Matters of Significance (2024), and Chambers
(2017).

• A glossary of Open Science terms is available online via FORRT:
https://forrt.org/glossary/english.

• Open Science is not yet the norm; Kohrs et al. (2023) summarize
how everyone can contribute to it.
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