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| Executive summary

Executive summary
In recent years concerns around research replicability have grown.

High rates of questionable research practices,
increasing numbers of retractions, and several
high-profile cases of scientific misconduct
have increased the need scrutiny of scientific
practices and the resulting body of work.
These concerns have resulted in the current
situation being described as a “replicability
crisis”.1 Biases and constraints in the way in
which science is created and curated have been
recognised and documented for decades.2–4
What is different now is the availability of digital
tools that can improve transparency of scientific
reporting, communication, and enhance
efforts for collaboration.
This report presents a pragmatic review of
this burgeoning area of scientific, institutional,
industrial, and commercial activity and
development. Results are reported from desk
research examining published and grey
literature, and accompanied by direct email
contact with scientists working in a range of
disciplines, using a snowballing method.
Digital tools used to support open scientific
practice are catalogued according to key timepoints in the lifecycle of the research study.
These include:
1. Design
2. Data collection
3. Data analysis
4. Publication and dissemination

Where possible, research evaluating evidence
for the benefits of digital tools for improving
replicability and verifiability is examined.
Overall, there is evidence that the application
of these tools can improve replicability and
verifiability of scientific endeavour. Open
science practices have helped to shed the light
on areas where research remains unreported,
and to distinguish between exploratory and
hypothesis-driven analytic practices.
Efforts to archive research data allow not only
for the verification of previous research findings,
but also allow for the data to be shared more
broadly with scientists, and exploited for further
scientific discovery, combined to answer broader
questions, or combined improve power in
areas where research methods are costly or
resources scarce.
The drive towards open, transparent and
reproducible science practices appears to be a
cultural shift that is gathering momentum. This
has been supported by practical changes made
throughout the scientific community: by scientists
themselves, by publishers, and by funding and
regulatory bodies via mandated policies.
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1. Introduction
Replicability refers to whether research
findings are robust (ie can be reproduced).5
Here we define two forms of replicability.
Replicability is the ability to produce the same
results as a particular study, by repeating the
methodology, results, and analysis in a separate
study.6 Verifiability is less clearly defined, but
can be conceived of as the ability to ability to
reach the same conclusions based on the same
methods and reanalysis of the same data.7
However, our ability to replicate or verify research
findings is constrained by whether the original
research, analysis or simulation can be repeated,
the finding is reliable,5 the data analysis is
appropriate and transparent,8 and the reporting
is complete and unbiased.
Peer reviewed publication remains the primary
vehicle for research dissemination. There are a
number of weaknesses in the dissemination-bypublication model which may serve to undermine
replicability and verifiability. For example,
publication bias encourages selective reporting,
and in particular the reporting of novel and
surprising findings, over the publication of
replications,9,10 protocol optimisations, and
null results.11
The resulting effects on research transparency,
and on replicability and verifiability, are clear.
First, the curated or selective reporting of results
makes if difficult or impossible to determine
key aspects of methodology and outcomes,
and hence the robustness of results.12,13 Second,

if research is not published, it remains invisible
to the scientific community. Third, where biases
operate in the selection of outcome measures
and data analysis practices, this increases the
rates of spurious findings.14 These biases distort
the research record, reduce both replicability
and verifiability, and can lead to bias in
systematic reviews and meta-analyses.15
The pipeline from research design to publication
is multifaceted, typically involving a range of
steps and processes that are difficult to detail
in full in journal submissions with word and
display item limits. As a result, the documents
that are produced throughout this pipeline, and
the information they contain, are not always
transparently documented or archived.16
Until recently, the ability to publicly document
these elements of the research process was
constrained by technological limitations. Paper
journals were simply unable to accommodate
a more complete record of research activity,17
and the generation of a complete record of
research was generally considered to be neither
plausible nor desirable.2 However, the growing
availability of digital information technologies
has changed this; in many cases it is now possible
to give a nearly complete public record of the
research process, from research materials and
experimental instructions, to data and analysis
scripts.17 These digital tools hold promise for
improving replicability and verifiability of
scientific research.
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2. Aims
This project examines the information and communication
technology approaches and tools available to improve research
replicability and verifiability.
The availability and use of digital tools to
improve practices in study design, analysis,
inference, and the reporting and subsequent
citation, and discovery is examined. While
these are relevant across all disciplines, the
focus of this project is limited to the
biomedical and environmental sciences.
A pragmatic approach to was taken: this is a
burgeoning area of scientific, institutional,

industrial, and commercial activity and
development, and the number of tools
available across the target subject areas are
many and continue to increase in number. It is
therefore likely that we have not captured the
full range of tools available; instead we focus
on those most strongly endorsed by the
scientific community and reported in key
publications on replicability.

3. Methods |
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3. Methods
A two-pronged approach was used to address these research aims:
a literature review, and a snowballing method to obtain feedback
from key individuals.
3.1 Literature review

3.2 Snowballing

We examined the published and grey literature
of approaches and tools to improve the
replicability and/or verifiability of research.

A snowballing method was used to contact
and obtain direct feedback from researchers
across a variety of research disciplines. Key
contacts were authors of the 2017 Nature
Human Behaviour publication ‘A Manifesto for
reproducible science’,18 and selected contacts in
the environmental sciences. These individuals
were contacted by email and asked the questions
below. Questions were purposefully kept brief
and to the point to maximised on response rates.

The focus was on:
1. Identifying digital tools and services
currently available, including any identified
gaps in the market
2. Evaluating the evidence, where available, on
the benefits of digital tools for improving
replicability and verifiability
3. Identifying the stakeholders in these
approaches, with a particular focus on
those organising, endorsing and using the
digital services identified

•

Which digital tools/sites/infrastructure are
you aware of that promote open science?

•

Which tools do you use? And how do they
help in your research?

•

Which tools, if any, offer any cost-savings in
your research?

•

What are the strengths and weaknesses of
the tools you use?

•

Can you think of any other digital tools or
services (not currently available), which
could be of assistance in your work?

The following sources of information were
examined:
•
•
•
•
•
•

Published research
Digital tool/services providers
Electronic publication guidance/checklists
to improve replicability/verifiability
Research funders’ webpages
Publishers’ webpages
Research community platforms and forums

Key contacts were also asked to nominate
other individuals who would be emailed with
the same questions. Only the original authors
and their nominated contacts were emailed.
Overall thirty-eight individuals were contacted,
and seventeen (45%) responded with answers to
the above questions. Respondents were largely
senior academics (professors n=7, head of
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experimental design n=1, associate professors
n=3, lecturers n=4), with less representation
from early career researchers (post-doctoral
researchers n=2). Given their association with
open science publishing, these scientists are
unlikely to be representative of the scientific
community at large, but rather include those
with expertise in this area.
Respondents were working in research
institutions in the UK (n=10), Holland (n=5),
France (n=1) and the USA (n=1), in a broad range
of research areas including animal, environmental,
social, psychological, anthropological, statistical
and biological sciences.

3.3 Deliverables
The results of this project are presented in the
current report and the accompanying spreadsheet
of digital tools and services. Results from both the
direct contact with scientists and the literature
review are incorporated in both documents.

4. Results |
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4. Results
Our findings are discussed in the context of the conceptual framework
shown in Figure 1, which represents a synthesis of the themes arising
in the research.
The framework is structured to reflect the
research process, and to allow tools and resources
relevant at different timepoints in the lifecycle
of the research study to be applied as relevant.
These include:
1. Design
2. Data collection
3. Data analysis
4. Publication and dissemination

For each stage in the research cycle identified
above relevant digital tools and solutions are
presented and, where possible, evaluated.
Relevant tools for sections of the framework
are tabulated in the accompanying excel sheet
entitled ‘digital tools for replicability and
verifiability’.

Figure 1: Conceptual framework for digital tools to support replicability/verifiability

Stage in study cycle

Digital tools for replicability/verifiability
Institutional registries

Design
Study preregistration platforms

Data collection

Materials
Collaboration
Analysis preregistration

Data analysis

Open analysis packages
Scripting
Open publishing and preprints

Publication and dissemination

Minimum reporting requirements
Data archiving

Provenance/information linkage tools

Protocol documentation
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4.1 A brief overview of
barriers to replicability and
verifiability
If the reporting of scientific results depends
solely on the adequacy of the scientific method
and robustness of research practices this
would not significantly bias scientific output.
However, where the selective reporting of
research findings relates to the nature and
direction of the results, this can meaningfully
bias the published literature, and have an impact
on evidence-based education, clinical and
policy decision making, and scientific progress.
The likelihood that research is eventually
published relies not only on the robustness of
research practices and procedures, and
soundness of the analytical approach used,
but also on a variety of human, social and
economic factors. Biases arise when authors
choose to publish a particular research
finding,2,19 when findings generate editorial
interest and are reviewed favourably by
reviewers, and when financial or other vested
interests are in operation.19
The statement ‘a lot of what is published is
incorrect’ was made in a meeting on
replicability and reliability of biomedical
research held at the Wellcome Trust in London
in 2015.20 Here it was argued that science is
plagued by poor practice, small samples, small
effect and invalid exploratory analyses, and
that much of the scientific literature might be
untrue.20 These risks are not specific to
biomedical research but have also been raised
as a concern in the environmental sciences.21
Evidence supporting the validity of these concerns
is provided by the Open Science Collaboration,22
which aimed to replicate a variety of original
research findings published in three major
psychology journals. The group showed that
while 97% of original studies reported statistically
significant findings, only 39% could be replicated.
In preclinical research, it is estimated that
around 50% of research is not replicable, with

a resulting cost of $28bn in the USA alone.6 To
date there have been no equivalent meta research
projects in ecology and evolution research.21

4.1.1 Flexibility and credibility
Scientists have considerable freedom in how
they collect and analyse data, and report their
findings.23 This invariably involves making
choices about whether to report data, which
data to report, and how to report them. A wide
variety of approaches can justifiably be
adopted to answer one research question and
analyse the corresponding data, albeit with
different consequences for interpretation.24
Unfortunately this flexibility introduces the
potential for a range of questionable research
practices. A survey of over 2000 scientist
working in psychology indicated high rates of
questionable research practices.25 These
included rounding down p values favouring
significance (22-23%), selectively reporting
studies that ‘worked’ (46-50%), reporting an
unexpected finding as being predicted at the
start (27-35%), removing data after looking at
the impact on the results (38-43%), deciding to
collect more data after finding the results were
non-significant (56-58%), and falsifying data
(0.6-1.7%). These findings are supported by
statistics in published papers, where a study
showed that in 95% of papers with inaccurate
statistics, p-values were rounded down to
meet significance thresholds.26
Inferential statistics reported in the majority of
research rely on null hypothesis significance
testing. The threshold for nominal significance
is typically set at a p value of 0.05, although
whether it should remain at this level or be lower
to improve replicability remains an area of
contention.27 However, p-values alone provide
a weak basis for inference, and no information
regarding whether a result is biologically
significant or clinically meaningful.28 Multiple
tests completed on the same sample have the
impact of inflating chance of reporting a
spurious finding.29
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4.1.2 Incentive structures and
questionable research practices
Smaldino and McElreath14 describe the ‘natural
selection of bad science’, whereby bad scientific
practices arise from the selection of methods
and behaviours that lead to higher rates of
publication and further downstream success (eg
award of grants), with no conscious strategising
or cheating required on the part of the scientists.
Funders typically reward novelty, to the exclusion
of replication.13 Journals preferentially publish
findings that are statistically significant, novel
or surprising.3,13 These biases are amplified in
journals with higher impact factors which are
associated with greater scientific prestige.3
Null findings may be considered to be difficult to
interpret,3 and difficulty in publishing replication
studies, either supporting or refuting previous
findings, has been documented.9 These factors
disincentivise the publication of null findings
and efforts at replication, leading to a body of
scientific research that is characterised by
surprising, novel and significant findings.
Scientists themselves are often judged on the
frequency and impact of their publications,
and their ability to acquire funding, which are
key criteria for hiring and promotion at many
universities and research institutes.13 It has been
noted that national assessment procedures,
such as the Research Excellence Framework
which explicitly or implicitly use these metrics,
incentivise bad practice.20 These incentive
structures, which reward publication quantity
and publication in certain journals, leads to the
natural selection of poor methods in scientists,
increasing research quantity, reducing research
precision and power, and inflating false
discovery rates.14
Simultaneously there has been increased scrutiny
of research efforts recently. Several reports on
the suppression of evidence about adverse
treatment effects have raised awareness of
the biased publication of research arising from
clinical trials.19,30–32 Revelations of scientific
misconduct have increased awareness of various
forms of scientific malpractice. Recent years
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have seen an increase in retractions across a
range of disciplines,33,34 many of which are due
to research misconduct.35 A number of
high-profile academics have been exposed for
misconduct.36–38 The direct costs of misconduct
to funding bodies is significant, and indirect
costs to society may be even greater.39

4.1.3 Unclear or abridged reporting
In order to replicate original findings, a clear and
complete description of all study objectives,
procedures, materials and outcomes is required.16
Ideally clear, accurate and precise descriptions
of scientific work would allow only one
interpretation of the research activities and
results.2 Where adequate information is lacking,
researchers will be unable to recreate the
original procedures.11
Replication and verification of scientific findings
is hindered by abridged or partial reporting.
These are caused in part by factors such as
word limits imposed by journals, although the
availability of online supplementary information
mitigates this in some cases. However, the
scientists themselves bear the ultimate
responsibility for complete, reproducible and
verifiable reporting.
A review from 2014 documents a range of failings
in scientific reporting, including inadequate
methodological information, poor sample
characterisation, and partial, unclear or biased
reporting of study results.16 Another review
highlights problems with identifying the precision
of the research outcomes, underpinned by the
practice of publishing so-called ‘naked p-values’,
which are presented without effect size, including
its direction and an indicator of precision.40
Recent work has also highlighted the variety of
data-analytic approaches that can be justifiably
taken to tackle any one research question and
its accompanying data.24 A clear description or
documentation of data analysis methods is
necessary to allow for results to be fully
interpreted and evaluated, and for results to
be verified.
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4.2 The adoption of open
practices
Recent years have shown a cultural change in
the ways that science is conducted and
approached, with many changes supported by
increased connectivity, improved platforms for
research communication, and a greater range
of options for data storage and archiving.
These changes have also been supported by
various initiatives, such as the Transparency
and Openness (TOP) guidelines
(https://cos.io/our-services/top-guidelines)
which provide standards for research openness
and transparency in scientific endeavour and
publication. The San Francisco Declaration On
Research Assessment (https://sfdora.org/read)
encourages research assessment on the basis
of a broad range of appropriate metrics, rather
than simply journal rank. Initiatives launched
between scientists, journals and the greater
public, such as All Trials (alltrials.net), which
advocates for the full reporting of results from
all clinical trials, also highlight this growing
focus on clear and transparent dissemination
of scientific results.
Scientists, institutions, publishers funders and
governments are key stakeholders in this drive
for open research practices. The broader public
are also key stakeholders, as they stand to
directly benefit from more replicable and verifiable
scientific discoveries that lead into scientificallyinformed policy and clinical practice changes.

4.3 Key stakeholders in
open research practices
4.3.1 Scientists
Scientists themselves make up a large part of
the decision-making process in institutions,
publishers, funders, and also work in advisory
roles in government agencies involved in policy
making in response to research findings.

Interest in improving the mechanisms and
incentive structures that contribute to bias in
science is reflected in a growth in meta-research
publications globally, currently estimated at over
8000 publications (https://metrics.stanford.
edu/map-visualization, accessed 20.07.18),
the establishment of research centres and
laboratories around meta-research (https://
metrics.stanford.edu, https://metaresearch.nl)
and published scientific endorsements of open
research practices.17,18,21,41–47 Initiatives such as
the peer reviewers’ openness initiative
(https://opennessinitiative.org/guidelines-foraction-editors-and-reviews) remove the
choice to impose open science practices from
the hands of journal editors and funders, and
place these in the hands of all scientists who
review scientific research.17

4.3.2 Journals
Journals are also taking a leading role in the
adoption of open science practices. Many
medical journals require that a clinical trial is
pre-registered before they will consider it for
publication. The rapid and extensive spread of
TOP guideline endorsement (>500 journals in
the first year) across scientific disciplines is
also notable.13 TOP guidelines include modules
of transparency and openness promotion with
varying degrees of stringency, and have been
adopted by over 850 journals.
The adoption of TOP guidelines has changed
the way in which even some of the most
prestigious journals operate, increasing statistical
and methodological scrutiny during review,
and mandating more detailed protocols, data
archiving, analysis information, as well as
reducing word limits to methods sections, and
including checklists to improve transparency
of findings and methodology.48
There has been a growth of online only journals,
such as the Public Library of Science (PLoS)
and BioMed Central (BMC), GigaScience and
Royal Society Open Science, which are founded
on open dissemination, data archiving and
transparent research practices.
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The Registered Reports initiative allows
journals to review research studies at the point
of study design, allowing high quality protocols
to be accepted for publication, and removing the
influence of null or non-confirmatory reviews from
editorial decision making.21,49,50 This editorial
format is currently been adopted in 123 journals
either as a regular submission option or as part
of a special issue. Protocols can be registered at
the Centre for Open Science webpage (osf.io/rr),
and participating journals can be identified
here (https://docs.google.com/spreadsheets/
d/1D4_k-8C_UENTRtbPzXfhjEyu3BfLxdOsn9jotrO870/edit#gid=0). Journals have also
started to become more welcoming to negative
or null results,51 with specific calls made for
the submission of well-conducted null result
studies.52,53
Additional statistical scrutiny is required by
journals (eg the Association for Psychological
Science journals), which now require that
statistics are checked with the digital tool
Statcheck (http://statcheck.io), to verify
statistical reporting. For the journal Biostatistics,
authors are offered a statistical replicability
service, with resulting articles kite marked with
an R if the results are found to be reproducible
by an independent editor.
Some journals have adopted the approach of
rewarding rather than mandating open science
practices, with the simple intervention of awarding
badges for research openness resulting in an
almost ten-fold increase in data sharing.54

4.3.3 Funders and governments
Clinical trials registration has become mandatory
for a broad range of funding bodies, including
the National Institutes of Health (USA), the
Wellcome Trust, and the UK Medical Research
Council. These funders require that trials are
registered with the ISRCTN (isrctn.com) or
clinicaltrials.gov before research is initiated.
Funders also now often specify a maximum
duration of time allowable before results
are published.
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Research funders also now frequently specify
requirements for data archiving and sharing.
Data archiving policies supporting the
availability of data after study completion have
been endorsed by UK Research and Innovation,
which brings together seven research councils
and two other research funding bodies (ukri.
org/funding/information-for-award-holders/
data-policy/common-principles-on-data-policy).
These data sharing policies are reflected in the
individual data archiving policies of the Economic
and Social Research Council, the Medical
Research Council, and the Natural and
Environmental Research Council, amongst
others. Open access publication is also now
mandated for inclusion of research outputs for
consideration in evaluations by the UK Research
Excellence Framework (REF). The REF assesses
research quality, in the UK and informs core
funding allocation to institutions.
Growth in open data practices are also
evidenced by funders’ polices in other countries,
such as the German Research Foundation
(dfg.de/download/pdf/foerderung/programme/
lis/ua_inf_empfehlungen_200901.pdf) and the
US National Science Foundation (nsf.gov/
bfa/dias/policy/dmp.jsp).

4.3.4 Global organisations
Influential global organisations, including the
World Health Organisation (who.int/ictrp/
network/trds/en), the World Medical Association,
and the International Committee of Medical
Journal Editors, have issued calls for the
prospective, public registration of all clinical
trials.30 The European Medicines Agency
(EMA) mandates registration of all paediatric
trials and all adult trials at phase 2 through to
phase 4 of medical interventions.55 New
guidelines will be implemented in 2019, with
an aim to streamlining approvals and providing
greater transparency.
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4.4 Digital solutions to
support replicability/
verifiability
4.4.1 Study inception: registries and
preregistration
Publication bias is not a new problem.2 The ‘file
drawer’ problem was first described almost 40
years ago.4 Research studies from journals
across a variety of topics in environmental and
biomedical sciences are more likely to be
published if they meet criteria for significance,
typically characterised by p values lower than
0.05.3,56 Significant results are published earlier,57
and studies reporting favourable, significant
result are more likely to be published.58,59
Evidence of publication bias has been found in
clinical trials,60 the wider biomedical sciences2
and in the environmental sciences61. Through
the lens of promoting replicability and verifiability,
publication bias presents a major obstacle to
scientific progress and credibility.
Concealment or non-dissemination of study
data restricts opportunities to make informed
decisions in relation to research outcomes. It
distorts the evidence available in the literature,
and in turn biases systematic reviews and
meta analyses.15,62 In the context of medical
research, selective reporting can distort the
apparent efficacy and risks associated with
medications or procedures, depriving patients
and doctors of vital information, and leading to
avoidable harm to patients.19,63
Alongside conventional publication, two main
digital tools are available to support the
identification of research that has not been
published in peer reviewed journals. A view of
the entirety of research activity in a particular
area is necessary to obtain an understanding
the reliability of published findings, and for the
validity of systematic reviews, meta analyses.
Study registration can improve detection of
publication bias by allowing the comparison of
published studies with those registered.63 In its

simplest form, study registration includes
information on the basic study design, while in
its strongest form study registration it involves
a commitment to make all research results
openly available and discoverable, and includes
the registration of multiple aspects of the study
design and the main outcome measures.18
Sufficiently detailed registries therefore have the
potential not only improve identification and
discovery of research activity, but also to reduce
the potential for analytic flexibility, such as
outcome switching after the data has been
collected. Preregistrations also allows for a
clearer distinction between confirmatory,
hypothesis testing research and exploratory
research (and therefore more provisional
findings).13 Exploratory results require further
testing in confirmatory studies, but at present
much exploratory research is presented as
confirmatory.51
4.4.1.1 Clinical trial registries
Clinical trial registries typically include key
methodological and funding information (trial
sponsor, study purpose, design, endpoints, key
protocol information, and study locations), and
log when studies have been completed.
This information can be compared to the published
literature, and allows the identification of
omissions (eg incomplete reporting of outcome
or non-publication) and deviations (eg unexplained
changes to prespecified outcome measures).55
Studies have shown that between half to threequarters of clinical trials identified in the registry
clinicaltrials.org,55,63–66 are published. Unpublished
trials raise both ethical and scientific concerns,
although trials that are unpublished also include
those terminated early due to methodological
issues (eg slow recruitment).67–69
Evidence suggests that the requirement of trial
registration by funders has significantly altered
the way in which trials are conducted, with an
increase in the registration of studies that are
mandated for registry, and those that are
not.29,70 Examination of published reports
indicate that registration also influences how

4. Results |
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results are reported. Increased reporting of null
results in clinical trials has been reported after
investigators were required to register their studies
and prospectively declare their primary and
secondary outcome variables.70 Where outcomes
are switched regardless of preregistration, this
practice can now be identified, undermining
the strength of the evidence where this occurs.71
Registration records could also be used
prospectively as a quality control measure
during review prior to publication.72

insights into potential replicability failures.

Whilst registries record the existence of a
clinical trial and its corresponding dataset, the
ultimate usefulness of this resource depends
on the research community submitting accurate
data.55 Even where results are made available
on clinical trials registries, this does not reduce
the onus on the scientist to publish their results.63
Peer review publication remains the primary
quality control mechanism in scientific research.63

4.4.1.3 Cross-disciplinary pre-registration
platforms
A variety of websites provide facilities for
scientists across all disciplines to pre-register
their research, making unpublished results
more discoverable.47 Preregistration was
endorsed by members of our snowballing
procedure, with Aspredicted.org and the Open
Science Framework reported as their primary
preregistration platforms.

4.4.1.2 Institutional registries
Institutional registries and databases may
include research ethics committee boards, and
other governance structures. These registries
are typically not available for public examination.
Evidence suggests that research supported by
institutional approvals suffer from a similar
lack of transparency. Studies completed in
France, Switzerland and Spain showed that
around 50% or less of studies submitted to
institutional review boards are published.73–75
The Declaration of Helsinki, which governs the
ethics surrounding human participants in
biomedical research, mandates that negative
as well as positive results should be published
or otherwise publicly available.76 It also requires
pre-registration of study protocols. This suggests
that a burden of responsibility should be placed
on ethics committees or institutional bodies
that underpin them, to support pre-registration
and follow-up on research studies to ensure
the results are published.75 Greater availability
of records for institutional approval would
provide a view of aims and protocols of studies
repeatedly falling short of publication across a
broader range of scientific endeavour, providing

Open funder registries (eg NIH RePORTER,
https://projectreporter.nih.gov) have been key
in a number of studies to identify rates of
registration of clinical trials, and rates of
publication of results.62,67 The application of
this model across other funding streams and
in cross disciplinary research may help to
improve detection of research studies that
remain unpublished.

Pre-registration can take a number of formats,
including reviewed registrations and unreviewed
registrations. Often scientists are offered the
opportunity for an embargo on the duration
before registrations are made public, which
may reduce concerns about being “scooped”.77
Pre-registration databases offer a platform for
researchers to commit to research questions and
hypotheses, and provide methodological and
analysis plans prior to data collection.21 This
approach has been championed by the Centre for
Open Science, who launched the Preregistration
Challenge initiative (https://cos.io/prereg),
encouraging pre-registration by making
pre-registered research studies eligible for
a $1,000 prize.
However, pre-registrations, particularly when
unpublished, unreviewed and embargoed does
not protect fully against scientific dishonesty.77
There is also the potential for misrepresenting
dates to falsely pre-register already completed
studies.77 Ultimately, pre-registration should be
considered best practice, rather than a form of
scientific policing.
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4.4.2 Transparent and optimised data
collection
As mentioned above, pre-registration allows
research questions, design, methods and
primary outcomes of a research study to be
defined at the point of inception. For
completeness, clear documentation of
standard operating procedures, protocols and
study materials is required. The most efficient
way of making this documentation available
for replication studies, or verification of
research findings and methods, is to have
these openly and publicly accessible. Data
collection can also be facilitated through
distributed projects and collaborations. These
can help to increase statistical power and
address resource constraints in single
research groups.
4.4.2.1 Protocols
There are few digital tools available to optimise
research design and research protocols. The
Experimental Design Assistant for animal
in-vivo research (nc3rs.org.uk/experimentaldesign-assistant-eda) is one such tool, which
guides scientists through the design of
experiments, identifying the minimum number
of animals required to answer their research
question, and providing support to reduce
methodological bias, and improve statistical
analyses.78 The programme generates a
graphical summary that can be communicated
to the wider scientific community. Ideally this
tool would be used at the point of inception of
animal research studies to populate relevant
details for pre-registration.
Protocol optimisations may also take place
during the course of a study in response to
study progression and initial outcomes (eg
poor recruitment in in the case of studies with
human participants, ceiling or floor effects in a
particular measure, or optimisation in reagent
quantities in laboratory work). This fact is
recognised by the tool protocols.io, which
allows for the detailed entry of protocol
information, changes and optimisations to
planned protocols and their dissemination.
Publication of protocols, either openly or

between groups fosters greater openness and
information exchange.
Versioning software for research protocols
also allows for clear documentation of
changes that have occurred, even where many
years have passed after changes have been
implemented, multiple contributing staff
members have contributed, or where there has
been staff changeover. Version control
systems that were endorsed by our snowballing
group include Mercurial (mercurial-scm.org),
GitHub (https://github.com), Git (https://
git-scm.com), Inquisite (http://inquisite.org)
and Centre for Open Science (https://cos.io).
4.4.2.2 Research materials
It is easier for published research to be
correctly understood, replicated or verified if
the research materials used for any scientific
study are available for inspection. Of course,
there instances where proprietary software or
materials are used in new scientific discovery,
and the open dissemination of these materials
is not possible.
For other research materials, free repositories
provide a source for their documentation and
archiving. These allow researchers to access
instruments, tests, or treatments used in other
studies.30 Repositories for research materials
include the Centre for Open Science (https://
cos.io) and figshare (https://figshare.com).
4.4.2.3 Collaboration
Data collection may be difficult when recruiting
from small populations (eg rare diseases), limited
time, or expensive methods and technology.
Low power in scientific research is considered
one key impediment to replicability.13,79,80 The
proportion of false positives among studies
declaring statistical significance is increased if
studies have low average low power.
Collaboration and data sharing across
research groups is one way to address issues
of low power, and this can be supported by
digital platforms. Recent studies have shown
the efficiency of crowdsourcing research and
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analytic resources using digital platforms.22,24,81
These studies have in themselves provided
insights into scientific replicability and
verifiability. The Open Science Framework is
key to hosting projects such as these (in
psychology: https://osf.io/ezcuj, in education:
https://osf.io/flaue; and in crowdsourcing
projects: https://osf.io/89vqh), and providing
an overview of research activities and findings.
Other, more specialist platforms are also available.
The psychological science accelerator
(https://psysciacc.org), is a distributed laboratory
network which selects research projects in
psychology and recruits research laboratories
worldwide to complete the work. In neuroimaging
there are many platforms to support collaboration
between laboratories, which may be particularly
important in this area due to cost-related
resource limitations, and problems with low
power.79 Platforms such as the Loni image data
archive (https://ida.loni.usc.edu/login.jsp), XNAT
(xnat.org), and COINS (https://coins.mrn.org)82
facilitate the sharing of data between individuals
and research groups.
Other digital and social media platforms are
also frequently used to identify collaborators
and improve communication within and across
groups. These include Slack (https://slack.com)
and Dropbox (dropbox.com), and more generic
social media platforms such as Facebook
(facebook.com), and Twitter (https://twitter.com).
In particular, in our sample of researchers
contacted through snowballing, Twitter was one
of the more frequently cited social media platforms
used to promote open scientific practices.

4.4.3 Data analysis: improving
transparency of analytic practices
As highlighted above, many analytical approaches
can be used to answer the same research
question.24 Detailed documentation of analytical
methods (eg scripts or code) is often not
available.83 However, without clear documentation
of the original analytical approach, including
the accompanying script or ode it can be
difficult to verify original findings.
Analysis of the same data may produce
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different outcomes and interpretations given
slightly different (but justifiable) analytic
choices, which may reflect biases on the part
of the original investigators or those that are
completing reanalysis.84
4.4.3.1 Preregistration of analysis plans
Registration of analysis plans, as a part of the
wider pre-registration process, can help to
minimise analytical flexibility, particularly after
data have been collected. This can help to
reduce questionable research practices in
research analyses by encouraging the equal
reporting of significant and non-significant
findings, distinguishing between exploratory
and confirmatory analyses,85 and reducing
potential confirmation biases in scientists
(which may encourage p-hacking). The
p-hacker application (http://shinyapps.org/
apps/p-hacker) illustrates how a variety of
analytical choices and approaches can generate
a spurious statistically significant result.
4.4.3.2 Open analysis packages and scripting
Statistical software packages frequently allow
for complete recording of analyses that can be
retained and shared.17 Analysis scripts can be
obtained from software packages that have a
script-based interface (eg R, SAS, STATA, etc)
or more traditional point-and-click interfaces
that are script enhanced (eg SPSS, SPM12).
Publication of analysis scripts can help to
improve transparency of data analytic methods,
allowing greater replicability and verifiability of
scientific results.
Publication of analysis scripts can be enhanced
with tools such as Sweave,86 and Rmarkdown
(https://rmarkdown.rstudio.com). These work
from an R or R Studio base programme,
provide fully reproducible reports in a variety of
formats (eg PDF or Word documents, HTML)
from analysis scripts, text and meta data.
As noted by a senior scientist contacted during
the snowballing exercise, open-source
software is critical for the open exchange of
analysis information: “I should stress that open
science is virtually impossible with closed-
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source software (someone may send me a
Matlab file or a STATA file, but if I don’t have
the license this will do me little good).”
A variety of open-source statistical software
packages are available, including script-based
packages R and R studio Although many of the
individual scientists we contacted reported
using R statistical packages for their work, it
was broadly recognised that the main limitation
of this program was the learning curve required
in order to use it.
More intuitive, point-and-click interfaces are
provided by SPSS, JASP and Jamovi (which is
an interface built on the R statistical package),
although these are typically viewed as more
rigid platforms. Open access forums such as
stackexchange.com, stackoverflow, R pubs,
GitHub and figshare provide platforms for the
open exchange of analysis scripts and code in
the research community, improving
transparency and access.

4.5 Publication and
dissemination
The ultimate aim of any research study is its
broader dissemination amongst the scientific
community, and perhaps other key stakeholders
(eg policy makers), and the general public.
Publication is viewed by many as the final
endpoint of research activities. Publication
efforts should therefore aim to be as clear,
accessible and thorough as possible.
Despite the best efforts of scientists to complete
research and report accurate findings, biases
in acceptance for publication may remain. These
may delay publication of important work or
restrict the publication of replications or null
findings. Online fora for replications have been
created to circumvent this problem and
encourage communication and discussion of
replicability between researchers. These include
the political science reproduction initiative
(https://projects.iq.harvard.edu/psreplication/
guidelines), as well as psychfiledrawer.org

(http://psychfiledrawer.org) and curate
science (http://curatescience.org) for
psychological studies, and more general
reproduction initiatives (https://osf.io/view/
StudySwap).
Rapid communication and dissemination of
research outputs is now also facilitated by
generic social media outlets such as Twitter
and Facebook.

4.5.1 Open publishing and e-prints
Efforts by funding bodies and institutions to
encourage broader access of research outputs
has led to increased open access publishing.
UK Research and Innovation state that publicly
funded research should be freely available
online as soon as possible, and that open
access is central to its ambitions for research
and innovation in the UK. The Research
Excellence Framework, which is the system
used to assess research quality in the UK,
rates individual research institutions on,
among other things, their research output.
These will now only be considered if they are
open access (for example, deposited on an
institutional or subject repository), discoverable,
and free to read and download by anyone.
The payment of fees to publishers for open
access publication in peer reviewed journals is
sometimes difficult for individual researchers,
funders and research institutions. Posting of
e-prints (including pre-prints) is one way of
overcoming this barrier, improving research
dissemination, enhancing transparency of
research activities, and reducing likelihood of
duplication. Individual institutional archives can
host e-prints for their academic staff. There
are also a number of public pre-print databases
(eg arXiv, BioRXiv, PsyArXiv, SocArXiv, PeerJ
preprints) which can be used for this purpose.
Public pre-print archives can help to disseminate
scientific results quicker.51 However, care is
required in the use of e-prints to ensure that
they meet regulatory and journal restrictions.
This can be supported using the SHERPA tools
provided by Jisc.
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4.5.2. Minimum reporting guidelines
Clear communication of all study objectives,
procedures, materials and outcomes is required
In order to replicate original findings.16 Scientists
must therefore strive to make their research as
clearly interpretable and replicable as possible
to others.
Guidelines and checklists can help to identify
key features of research activity and methods
that require documentation. These guidelines
and checklists can be adopted by scientists
during the development of their research
project and used during report writing. Guidelines
can also serve as a template to examine and
evaluate submitted reports by journals and
their reviewers.
There is evidence that completion of checklists
can improve the comprehensiveness and
quality of reporting in research articles. The
completion of a journal-mandated checklist
has been reported to improve reporting quality
of key methodological aspects of studies in
preclinical biomedical research.87 Similarly, in
psychology, the implementation of journal
guidelines for reporting of statistics was found
to be linked to improved statistical reporting,88,89
although in both cases significant room for
improvement remains.
There is an extensive online battery of minimum
reporting guidelines that can be applied across
subjects and research methods. These
guidelines typically take the form of a checklist,
or a list of required information within a scientific
report. These are intended to specify a minimum
set of information which should be contained
in each report to deliver a clear and complete
account of what was done, what was found,
and where biases may have been introduced.12
Often, internationally recognised minimum
reporting guidelines reflect the input from experts
within each field, including methodologists and
journal editors.12 However, there is variation in
the methodology and inclusiveness in which
different guidelines were developed.90 Frequently
the impact of their adoption is not clear.90
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Over the last 20 years, the number of reporting
guidelines has grown considerably, making it
potentially impractical for any one journal to
endorse and mandate them all.91 The Equator
Network is a catalogue of reporting standards
in health research, and now includes over 400
guidelines for reporting of in clinical trials, health
and animal research (equator-network.org).
These include, amongst others, the commonly
used STROBE guidelines for observational
studies, CONSORT for randomised trials,
PRISMA for systematic reviews and metaanalyses and ARRIVE for animal research in
vivo experiments.
Additional guidelines are available for
microarray experiments and proteomics
(MIAME and its derivatives),92,93 and genetic
association and prediction studies (STREGA
and GRIPS).94,95 In the context of the
environmental sciences, the Tools for
Transparency in Ecology and Evolution (TTEE:
Doi: 10.17605/OSF.IO/G65CB) aims to improve
research by applying TOP guideline principles
to reporting (Doi: 10.17605/OSF.IO/G65CB).
MIAME guidelines have been noted to result in
multiple developments improving research
transparency, including data sharing and the
design of databases including key data and
metadata.93 Equally, inclusion of minimally
required information across disciplines should
also improve the ability of scientists to aggregate
data across studies, facilitating meta-analysis.
Application of CONSORT guidelines has been
found to improve completeness of reporting of
randomised controlled trials.96,97 Apart from
CONSORT guidelines, there is insufficient
evidence that journal endorsement of reporting
guidelines improves completeness of reporting.98
Misapplication of reporting guidelines also
occurs: STROBE guidelines (observational
studies) in published research have been applied
to systematic reviews and meta-analyses.99
This suggests that some confusion has arisen
surrounding the variety and quality of available
guidelines.
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The Equator network have developed a tool to
facilitate the selection of appropriate reporting
guidelines (penelope.ai/equator-wizard), the
use of which has been associated with an
improvement in authors identifying the relevant
guideline for their scientific report.91 However,
whilst this tool improved the identification of
study-appropriate guidelines, the majority of
authors still did not correctly identify the relevant
guidelines. The authors present as a possible
explanation that that prompting authors
regarding reporting requirements at the point
of submission, where the report manuscript is
already written, is too late in the publication
process to modify reporting practices.
This, alongside evidence that adherence to
reporting guidelines is low,16 supports the
viewpoint that reporting guidelines need to be
adopted early in the writing process, and possibly
incorporated as a form of scientific training.100

4.5.3 Data archives
With the rise of data archiving has come the
recognition that shared data is an important
research asset and that its provenance is worthy
of recognition.43 Secure data storage is important
for maintaining the long-term benefits of each
research study. Where data is funded through
public money, they are considered in the public
interest. UK research funding policies now
state that appropriate research data should be
made openly available in a timely manner and
with as few restrictions as possible (ukri.org/
funding/information-for-award-holders/
data-policy/common-principles-on-data-policy).
It is clear that reusable data provides better
value for money.21
Safe archiving of data can limit the effects of
common problem with data loss, such as
computer failure, transitory positions and
staffing changes, and obsolescence of computing
equipment. Archiving of data allows the scientific
community to have access to multiple
potentially related datasets, allowing large
scale combinations of studies,82 examination
of new research questions,101 different
interpretations and approaches,102 and the

combination of data for meta-analyses.45 Larger,
combined, datasets provide the possibility to
answer larger-scale questions with greater power,
which may be critical for large scale environmental
and health questions.101 There is also evidence
that public sharing of data can improve the
impact of each researchers’ work, by increasing
the number of citations that they garner.103
Publicly archived data also allow for better
error checking and verification of results,45 and
provide safeguards against data fabrication
and falsification.102 It is also presumed that
data sharing is linked to scientists taking more
care in data analysis and reporting, reducing
the rate of statistical errors.26 However,
evidence for this is not conclusive.104
There are numerous data archives in place for
the storage and preservation of data. In
additional to institutional and organisational
repositories, there are a variety of repositories
available to the broader scientific community
for a broad range of research areas within
biomedical and environmental research. Data
archiving repositories range from generic (eg the
Open Science Framework, Zenodo, Mendeley
Data), to more specialised (eg Cancer Genomic
Studies of Precision Medicine: National Cancer
Institute Genomic Data Commons; TreeBase:
Phylogenetic Data).
When depositing data, scientists must carefully
consider the preferred location for their dataset,
where it is most likely to be discovered and
used, and where archiving will be recognised in
order to meet funder and journal requirements.
There are a number of tools that are available to
help with this task. The Registry of Research
Repositories (re3data.org) is a search engine
which helps to identify registered repositories
within a range of scientific disciplines. The
FAIRsharing tool (https://fairsharing.org/
recommendations) identifies archiving
facilities that are endorsed by key journals,
organisations and funder. Additionally, journals
themselves often provide lists of endorsed
archives which can support their publications.
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Archiving data in a manner in which other
researchers can understand is an effortful and
time-consuming activity. Preparations for
archiving can take hours of refinement, which
are often seen as hours of lost productivity to
individual scientists.43,102 Transferring data to
robust formats, documentation of variables
and meta-data (descriptions of each variable)
is required to make each data set suitable for
re-use.26 Many archiving facilities provide support
in data archiving to meet these standards,
although this services may be provided at a
cost. There are a range of meta-data tools
available to consistently identify specific data
types which allow consistent identification
across datasets, which are not discussed in
detail here.
Whilst public data archiving is generally
supported as best scientific practice, there are
some instances in which raw data should not
be archived, or significant care is required to
anonymise data or remove sensitive or
identifiable information. Examples include
human research in rare clinical conditions, high
throughput DNA sequencing of human DNA or
RNA which could render an individual participant
identifiable,93 or the location of populations of
endangered species.45

4.6 Provenance and linking
information sources
In the context of one research project, a variety
of digital documents may be produced,
including registration of study data, study
materials, protocols, analysis script and outputs,
publications and supplementary materials. Linking
these various documents across potentially
multiple digital platforms is an important part
of enhancing transparency and replicability.
Consideration of the format of digital referencing
to data or digital sources is needed when
selecting the format of data or information
archiving. Uniform Resource Locator (URL)
links have been noted to decay with time.105
Typically data archives endorsed by funders
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and journals provide a stable data handle or
Digital Object Identifiers (DOIs) that can be
used to cite data and link to relevant dataset.
information linkage systems such as Crossref,
and Europe PMC can help to link research
publications with supporting information.
DOIs are persistent identifiers which can
assigned to any document to cross reference
digital intellectual content,106 including
supplementary materials, data, preregistrations
and analysis plans. Services such as DataCite,
EZIDservice and RAiD support the minting of
unique handles or DOIs.
The Open Science Framework (http://osf.io),
maintained by the Center for Open Science,
provides one unified platform to preregister,
and collaboratively undertake, archive, and
share research projects.21 Additionally it can
integrate with other existing services such as
figshare and GitHub.21 This provides a
centralised platform in which open science
can be practiced and brought together.
The Open Science Framework was the digital
service that was most frequently endorsed by
individuals contacted during our Snowballing
exercise, with the majority of respondents
reporting that they were aware of the Open
Science Framework (76%), and that they used
it (59%). As stated by one senior scientist: “no
other tool can similarly manage a project from
conception to publication. It is amazingly
versatile.” However, two respondents reported
that it can be difficult to navigate and that it is
not user friendly.
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5. Discussion
In recent years concerns around research
replicability, linked to a range of constraints in
which science is created and curated, have
been document. In part as a result of these
concerns, there has been a move towards
open, transparent and reproducible science
practices, supported by practical changes
implemented by stakeholders in the scientific
community, journals, and policy developed by
funding and regulatory bodies.
Information and communication technologies
provide an opportunity to make research more
open, powerful and transparent, by detailing in
incremental steps the transition from research
conception to publication. These cumulative steps
and processes on which each research project
is built would be unsuitable for documentation
within any one journal article. Instead a range
of digital tools have been developed to support
transparent documentation, from inception,
through to data collection and data analysis,
and finally into dissemination and data archiving.
There is evidence that the application of these
tools can improve replicability and verifiability
of scientific endeavour. Open science practices
have helped to shed the light on areas where
research remains unreported, and where changes
in reporting reflect exploratory rather than
hypothesis-driven analytic practices. The
depositing of data in public archives has led to
the availability of an enormous amount of
information which can be exploited for further
scientific discovery, combined to answer broader
questions, and improve power in areas where
research methods are costly or resources scarce.
The broad array of available tools for supporting
reproducible and verifiable research can itself be
an impediment to scientists aiming to improve
research transparency. As noted for the adoption
of guidelines for research reporting, indexing
tools can help to improve the identification of
the most appropriate digital tools for a given

scientific study. However, the vast array of tools
available are likely to result in some confusion.
In some areas streamlining may be helpful.
Most scientists we contacted were enthusiastic
about open data practices and digital tools which
support greater transparency. When asked which
other tools they would like to have available for
their research, most reported that they did not
know. Some reported that further training
materials for open science practices were
required, other suggested tools for improving peer
review, refining preregistration documentation,
or linkages between related data sources, and
individual studies and their replications.
Despite general enthusiasm for open science
practices, some scientists surveyed
acknowledged that open science comes at a
cost. Open science practices require that
significant time is spent on the selection of
appropriate repositories for various types of
supporting documents and data, the curation
of clear and easily re-useable data, meta data
and accompanying analysis scripts, and their
formatting and archiving.
Institutions can play a key role in helping scientists
to select the most appropriate repositories or
tools for their research endeavours. Institutional
archives can provide homes for e-prints, scientific
data, and research materials and supplementary
information. These archives can help to
signpost the open science credentials of
institutions, as well as the credibility of the
research produced, and productivity of the
academic staff, and ensure the longer-term
secure storage of research data produced. The
importance of open science practices can also
be incorporated into scientific training provided
by scientific institutions. Training can provide
students with the tools and information required
to improve clarity of research dissemination,
and the importance of research assets beyond
the peer reviewed journal report.
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7. Annex
Registries
This table is for illustrative purposes only; it is not in any way a comprehensive list of the tools available to
researchers to improve the reliability and replicability of their research.
Name

Type of tool

Link

Scientific market

Clinicaltrials.gov

Clinical trial registry

https://clinicaltrials.gov

Clinical trials

ISRCTN (International Standard
Clinical trials registry
Randomised Controlled Trial Number)

isrctn.com

Clinical trials

ICTRP (WHO international Clinical

Clinical trials registry

http://apps.who.int/trialsearch

Clinical trials

EudraCT (EU clinical trials register)

Clinical trials registry

eudract.emea.europa.eu

Clinical trials

GlaxoSmithKline Clinical trials
registry

Clinical trials registry

gsk-clinicalstudyregister.com

Clinical trials

NIH RePORTER

Funder registry

https://projectreporter.nih.gov

USA-based health
research

Centre for Open Science
preregistration

Pre-registration
facility

http://cos.io/prereg

Cross discipline

Centre for Open Science Registered
reports

Pre-registration
facility

https://cos.io/rr/#faq

Cross discipline

Aspredicted.org

Pre-registration
facility

https://aspredicted.org

Cross discipline

Protocols.io

Pre-registration
facility

Protocols.io

Cross discipline

Open science framework
preregistration

Pre-registration
facility

http://help.osf.io/m/registrations/
l/524205-register-your-project

Cross discipline

European Neucleotide Archive

Pre-registration
facility

ebi.ac.uk/ena/submit/sra/#home

Molecular

Preregistration template in social
psychology

Pre-registration
template

http://dx.doi.org/10.1016/j.
jesp.2016.03.004

Social psychology

Prospero

Pre-registration for
systematic reviews

crd.york.ac.uk/prospero

Health research

Datasets
referenced through

Trials Regsitry Platform)

URL

URL

PROSPERO includes
protocol details for
systematic reviews
relevant to health and
social care, welfare,
public health,
education, crime,
justice, and
international
development, where
there is a health
related outcome
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Data archiving
This table is for illustrative purposes only; it is not in any way a comprehensive list of the tools available to
researchers to improve the reliability and replicability of their research.
Name

Type of tool

Archives direct

Link

Scientific
market

Type of data

Datasets
referenced through

Repository system: digital https://duraspace.org/
asset management
archivesdirect
solutions for Libraries,
Archives, Museums and
others

Institutions and
organisations

Cross discipline

Not clear

Cancer Imaging
Archive

Data archive

cancerimagingarchive.net

Clinical science

Cancer imaging data

Cyverse

Data archive

cyverse.org/products

Environmental
Science

Primarily environmental
sciences

DOI

Dash

Data archive

https://oneshare.cdlib.org/
stash

Environmental
Science

Environmental data

DOI

DataONE

Access linking between
repositories

dataone.org

Environmental
Science

Environmental data

Not applicable

Dataone search
engine

Search engine for
environmental research
repositories

https://search.dataone.
org/#data

Environmental
Science

All

Not applicable

Dataverse

Software application for
archiving

https://dataverse.org

Cross discipline

Cross discipline

Link on personal
website

dbGAP

Data archive

ncbi.nlm.nih.gov/gap

Molecular

Studies of genotype and
phenotype interactions

Accession number

DbSNP

Data archive

ncbi.nlm.nih.gov/projects/
SNP/

Molecular

Short genetic variations

Handle number of
name of publicaiton

DDBJ

Data archive

ddbj.nig.ac.jp/index-e.html

Biology and Life
sciences

Gene sequences

No clear

DGVa

Data archive

ebi.ac.uk/dgva

Molecular

Genomic structural
variants, in all species

Accession number

Dryad

Data archive

https://datadryad.org/
pages/jdap

Environmental
science

Aimed primarily
environmental scientists
but open to others too

DOI

DSpaceDirect

Repository system: digital
asset management
solutions for Libraries,
Archives, Museums and
others

https://duraspace.org/
dspacedirect

Institutions and
organisations

Cross discipline

Not clear

DuraSpace

Software applicaition for
open digital archiving

https://duraspace.org/
dspace

Institutions and
organisations

Cross discipline

Not clear

EBI Array Express

Data archive

ebi.ac.uk/arrayexpress

Molecular

Functional Genomics Data Accession number
stores data from
high-throughput functional
genomics experime
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Name

Type of tool

Link

Scientific
market

Type of data

Datasets
referenced through

EBI
Megagenomics

Data archive

ebi.ac.uk/metagenomics/
submission

Molecular

Raw metagenomics
sequence data and
associated metadata

Not clear

European Genome Data archive
Phenome Archive

https://ega-archive.org

Clinical science

Personally identifiable
genetic and phenotypic
data resulting from
biomedical research
projects

Accession number

European
Data archive
Nucleotide Archive

ebi.ac.uk/ena/submit

Molecular

Assembled transcriptome Not clear
file

FAIRsharing
recommendations

Search engine and
verification of research
repositories

https://fairsharing.org/
recommendations

Cross discipline

All

not applicable

Fedora

Repository system: digital
asset management

https://duraspace.org/
fedora

Institutions and
organisations

Cross discipline

Not clear

solutions for Libraries,
Archives, Museums and
others
GenBank

Data archive

ncbi.nlm.nih.gov/genbank

Molecular

DNA sequence
information

Accession number

INDI

Data archive

http://fcon_1000.projects.
nitrc.org

Neuroimaging

Neuroimaging repository
and sharing initiative

not clear

Jisc Research
Data Shared
Service

Data archive

jisc.ac.uk/rd/projects/
research-data-sharedservice

Institutions and
organisations

All

DOI

Knowledge
Network for
Biocomplexity
(KNB)

Data archive

https://knb.ecoinformatics.
org

Environmental
Science

Environmental data

DOI

LORIS

Data archive

http://loris.ca

Neuroimaging

Neuroimaging, clinical,
behavioural studies,
longitudinal, multi-centre

Not clear

Mendeley data

Data archive

https://data.mendeley.com

Cross discipline

Cross discipline

DOI

MetaCat

Data archive

https://knb.ecoinformatics.
org/knb/docs

Environmental
Science

Environmental data

DOI

National cancer
institute genomic
data commons

Data archive

https://gdc.cancer.gov/
about-gdc

Molecular

Cancer genomic studies
of precision medicine

Not clear

NCBI Gene
Expression
Omnibus

Data archive

ncbi.nlm.nih.gov/geo

Molecular

Functional genomics
Accession number
repository: Array- and
sequence-based data are
accepted.

Neurovault

Data archive

https://neurovault.org

Neuroimaging

Unthresholded statistical
maps, parcellations and
atlases of the brain

URL linked to paper
DOI

NIMH data archive Data archive

https://ndar.nih.gov

Psychiatry

Clinical/behavioural
research in autism

Accession number
and URL

NOAA

nodc.noaa.gov

Environmental
Science

Oceanic and atmospheric Not clear
research

Data archive
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Name

Type of tool

Link

Scientific
market

Type of data

Datasets
referenced through

Open Neuro

Data archive

https://openneuro.org

Neuroimaging

Neuroimaging repository

Not clear

Open science
framework

Data archive

https://osf.io

Cross discipline

Cross discipline

Not clear

ORNL

Data archive

https://daac.ornl.gov

Environmental
Science

Biogeochemical
dynamics

Not clear

PRIDE archive

Data archive

ebi.ac.uk/pride/archive

Molecular

Protein and peptide
identification/
quantification data with
the accompanying mass
spectral evidence

Accession number

Qualitative data
repository

Data archive

https://qdr.syr.edu

Social sciences

Qualitative data

DOI

Registry of
Research Data

Full scale search engine
for research repositories

re3data.org

Cross discipline

All

Not applicable

Repositories
Samvera

Repository system: digital http://samvera.org
asset management
solutions for Libraries,
Archives, Museums and
others

Institutions and
organisations

Cross discipline

DOI

Scientific Data
data repository
recommendations

List and links to
recommended
repositories

nature.com/sdata/policies/
repositories#envgeo

Cross discipline

All

Not applicable

Springer Data
Support

Data archive

springernature.com/gp/
authors/research-datapolicy/who/15403676

Cross discipline

Cross discipline

DOI

TreeBASE

Data archive

treebase.org

Environmental
Science

Phylogenetic trees and
DOI
the data matrices used to
generate them

XNAT

Repository system: digital
asset management
solutions Neuroimaging

xnat.org

Institutions and
organisations

Neuroimaging

Not clear

Yoda

Data archive

http://yoda.yale.edu

Clinical trials

Clinical trials data

Trial number

Zenodo

Data archive

zenodo.org

Cross discipline

Cross discipline

DOI
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Minimum reporting guidelines
This table is for illustrative purposes only; it is not in any way a comprehensive list of the tools available to
researchers to improve the reliability and replicability of their research.
Name

Type of tool

Link

Scientific market

Target research

AGREE

Checklist

equator-network.org/reporting-guidelines/
the-agree-reporting-checklist-a-tool-to-improvereporting-of-clinical-practice-guidelines

Clinical research

Reporting clinical practice
guidelines

ARRIVE

Checklist

equator-network.org/reporting-guidelines/
improving-bioscience-research-reporting-thearrive-guidelines-for-reporting-animal-research

Animal research

Animal research In vivo
experiments

CARE

Checklist

equator-network.org/reporting-guidelines/care

Clinical research

Case reports

CHEERS

Checklist

equator-network.org/reporting-guidelines/cheers Clinical research

Economic evaluation

CONSORT

Checklist

equator-network.org/reporting-guidelines/consort Clinical research

Randomised trials

Equator network

Index

equator-network.org

Clinical trials and
health research

Clinical trials and health
research

Equator Wizard

Selection tool penelope.ai/equator-wizard

Cross discipline

All research areas below

GRIPS

Checklist

DOI: 10.1371/journal.pmed.1000420

Molecular

Genetic Risk Prediction
Studies

HUPO Proteomics
Standards Initiative

Index

psidev.info/miape

Molecular

Proteomics

MIAME

Checklist

http://fged.org/projects/miame

Molecular

Microarray experiments

MIAME-tox

Checklist

ncbi.nlm.nih.gov/books/NBK10229

Molecular

Microarray Experiment for
Toxicogenomics

MIAPE

Checklist

DOI: 10.1038/1329

Proteomics

Proteomics experiments

MIAPE-CC

Checklist

psidev.info/sites/default/files/2018-03/MIAPE_
CC_1.1.pdf

Proteomics

Proteomics: Column
Chromatography

MIAPE-CE

Checklist

can be downloaded at psidev.info/miape

Proteomics

Proteomics: Capillary
Elecrophoresis

MIAPE-GE

Checklist

psidev.info/sites/default/files/MIAPE_GE_1_4.pdf Proteomics

Proteomics: Gel
electrophoresis

MIAPE-GI

Checklist

psidev.info/sites/default/files/2018-03/
miape-gi-v1.pdf

Proteomics

Proteomics: Gel Informatics

MIAPE-MS

Checklist

psidev.info/sites/default/files/2018-03/MIAPE_
MS_2.98.pdf

Proteomics

Proteomics: Mass
spectrometry

MIAPE-MSI

Checklist

psidev.info/sites/default/files/2018-03/MIAPE_
MSI_1.1.pdf

Proteomics

Proteomics: Mass
spectrometry informatics

MIAPE-MSQ

Checklist

psidev.info/sites/default/files/2018-03/MIAPE_
Quant_v1.0_Final_0.pdf

Proteomics

Proteomics: Mass
spectrometry quantification

MIMIx

Checklist

can be downloaded at psidev.info/miape

Proteomics

Proteomics: Molecular
Interactions

MINIFISHIE

Checklist

DOI: 10.1038/nbt1391

Molecular

In situ hybridization and
immunohistochemistry
experiments

MINISEQE

Checklist

http://fged.org/projects/minseqe

Molecular

High throughput sequencing
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Name

Type of tool

Link

Scientific market

Target research

MOOSE

Checklist

equator-network.org/reporting-guidelines/
meta-analysis-of-observational-studies-inepidemiology-a-proposal-for-reporting-metaanalysis-of-observational-studies-inepidemiology-moose-group

Epidemiology

Meta analysis of observational
studies in epidemiology

PRISMA

Checklist

equator-network.org/reporting-guidelines/prisma Cross discipline

Systematic reviews and
Metanalyisis

PRISMA-P

Checklist

equator-network.org/?post_type=eq_
guidelines&eq_guidelines_study_design=0&eq_
guidelines_clinical_specialty=0&eq_guidelines_
report_section=0&s=PRISMA-P&btn_
submit=Search+Reporting+Guidelines

Cross discipline

Systematic reviews and
Metanalyisis Protocols

REMARK

Checklist

equator-network.org/?post_type=eq_
guidelines&eq_guidelines_study_design=0&eq_
guidelines_clinical_specialty=0&eq_guidelines_
report_section=0&s=REMARK&btn_
submit=Search+Reporting+Guidelines

Clinical research

Tumor markers prognosis

SPIRIT

Checklist

equator-network.org/reporting-guidelines/
spirit-2013-statement-defining-standardprotocol-items-for-clinical-trials

Clinical research

Defining standard protocol
items for clinical trials

SQUIRE

Checklist

equator-network.org/reporting-guidelines/squire

Cross discipline

Quality improvement studies

SRQR

Checklist

equator-network.org/reporting-guidelines/srqr

Cross discipline

Qualitative research

STARD

Checklist

equator-network.org/reporting-guidelines/stard

Clinical research

Diagnostic and prognostic
studies

STARD for Abstracts

Checklist

equator-network.org/reporting-guidelines/
stard-abstracts

Cross discipline

Abstracts for journals of
conferences

Statistical guidelines
in Psychology

Guidelines

DOI: 10.1177/0956797613504966

Psychology

Psychology: statistical
analysis

STREGA

Checklist

DOI: 10.1371/journal.pmed.1000022

Molecular

Genetic Association Studies

STROBE

Checklist

equator-network.org/reporting-guidelines/strobe

Cross discipline

Observational studies

https://osf.io/g65cb

Environmental
science

Ecology and evolution

Tools for
Index
Transparency in
Ecology and Evolution
(TTEE)
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Data collection
This table is for illustrative purposes only; it is not in any way a comprehensive list of the tools available to
researchers to improve the reliability and replicability of their research.
Name

Type of tool

COINS

Link

Scientific market

Type of data

Data sharing: Electronic
https://coins.mrn.org
data management system

Neurscience

Neuroimaging and
electroencephalography data

Experimental design
assistant

Research design support

https://eda.nc3rs.org.uk

Support researchers in Animal research
the planning of animal
experiments - ensuring
robust study design
and reliable and
reproducible findings.

Figshare

Repository for images,
supplementary data,
presentations, code, data
linked to publication

https://figshare.com

Cross-discipline
researchers and
institutions

Open access

Github

Distributed projects and
Collaborations, versioning

https://github.com

Cross discipline

Cross discipline

Inquisite

Data gathering and linking
on mobile devices

http://inquisite.org

Cross discipline

Cross discipline

Loni image data
archive

Data sharing platform

https://ida.loni.usc.edu/login.jsp

Neuroscience

Neuroimaging data

Mercurial

Project management
and versioning

mercurial-scm.org

Cross discipline

Cross discipline

Open Science
Framework

Materials

Cross discipline

Cross discipline

Open science
Framework

Distributed projects and
Collaborations

https://osf.io

Cross discipline

Cross discipline

Protocols.io

Repository for science
methods

protocols.io

Cross discipline

Cross discipline

Resource
identification portal

Biological resources
indexing

https://scicrunch.org/resources

Biochemical research

Antibodies, Model Organisms,
and Tools (software, databases,
services), are identified by
finding or generating stable
unique identifiers.

XNAT

Data sharing: digital asset xnat.org
management solutions
Neuroimaging

Neuroscience

Neuroimaging data
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Data analysis
This table is for illustrative purposes only; it is not in any way a comprehensive list of the tools available to
researchers to improve the reliability and replicability of their research.
Name

Type of tool

Link

Scientific
market

Type of data

Costs

1000 functional
connectomes

Scripts for functional
connectivity

nitrc.org/plugins/mwiki/index.
php/fcon_1000:ScriptUse

Neuroimaging

Neuroimaging

Open source

Anaconda Enterprise

Integrated data
science environment

https://enterprise-docs.
anaconda.com/en/latest

Cross discipline

Cross discipline Open source

Anaconda Python

Analysis tool

anaconda.com/
download/#macos

Cross discipline

Cross discipline Open source

Bioconductor

Analysis tool

bioconductor.org

Bioinformatics

Bioinformatics

Open source

Comprehensive meta

Meta analysis tool

meta-analysis.com

Cross discipline

Meta-analysis

Detailed here: meta-

analysis

analysis.com/pages/
pricing.
php?cart=BWZJ1734568

Figshare

Repository: code

https://figshare.com

Cross discipline
researchers and
institutions

Cross discipline Open source

Freesurfer

Analysis tool

https://surfer.nmr.mgh.harvard.edu Neuroimaging

Neuroimaging

Genevestigator

Analysis tool

https://genevestigator.com/gv

Molecular

Expression data Free for basic package
costs incurred for more
elaborate packages (not
clear what these are)

Git hub

Code and data
repository

https://github.com

Cross discipline

Cross discipline Open source

GNU Linux (FLOSS)

Operating system

gnu.org

Cross discipline

Cross discipline Open source

Jamovi

Analysis tool

jamovi.org

Cross discipline

Cross discipline Open source

JASP

Analysis tool

https://jasp-stats.org

Cross discipline

Cross discipline Open source

Jupyter notebooks

Integrated data
science environment

http://jupyter.org

Cross discipline

Cross discipline Open source

Open MEE

Analysis tool

cebm.brown.edu/openmee

Environmental
science

Ecological and
evolutionary
meta-analysis

p-checker

Statistical checker

http://shinyapps.org/apps/pchecker

Cross discipline

Cross discipline Open source

p-uniform

Meta analysis tool

https://rvanaert.shinyapps.
io/p-uniform also R code at
https://github.com/
RobbievanAert/puniform

Cross discipline

Meta-analysis

R

Analysis tool

r-project.org

Cross discipline

Cross discipline Open source

R Pubs

Repository: code

https://rpubs.com

Cross discipline

Cross discipline Open source

R Studio

Analysis tool

rstudio.com

Cross discipline

Cross discipline Open source

R-markdown

Publication of code
and analysis scripts

https://rmarkdown.rstudio.com

Cross discipline

Cross discipline Open source

SPM12

Analysis tool

fil.ion.ucl.ac.uk/spm

Neuroimaging

Brain imaging

Stackexchange

Code sharing

https://stackexchange.com

Cross discipline

Cross discipline Open source

Open source

Open source

Open source
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Name

Type of tool

Link

Scientific
market

Type of data

Stackoverflow

Code sharing

https://stackoverflow.com

Cross discipline

Cross discipline Open source

Statcheck

Statistical checker

http://statcheck.io

Cross discipline

Cross discipline Open source

Structure

Analysis tool

https://web.stanford.edu/group/ Molecular
pritchardlab/structure.html

Molecular

Sweave

Scripting and pdf
production of
analysis results

https://stat.ethz.
ch/R-manual/R-devel/library/
utils/doc/Sweave.pdf

Cross discipline Open source

Cross discipline

Costs

Open source

Collaboration and communication
This table is for illustrative purposes only; it is not in any way a comprehensive list of the tools available to
researchers to improve the reliability and replicability of their research.
Name

Type of tool

Link

Scientific market

Type of data

DropBox

Document sharing

dropbox.com

Cross discipline

Neuroimaging and
electroencephalography data

Facebook

Generic social media

facebook.com

Cross discipline

Animal research

Github

Distributed projects and
Collaborations, versioning

https://osf.io

Cross discipline

Open access

Libre Office

Free Office software
package with versioning
and collaboration options

libreoffice.org

Cross discipline
researchers and
institutions

Cross discipline

Mendeley

Collaborative writing/
citation

mendeley.com

Cross discipline

Cross discipline

Open science
Framework

Distributed projects and
Collaborations

https://osf.io

Open source

Neuroimaging data

Overleaf

Collaborative writing,
versioning

overleaf.com

Cross discipline
researchers and
institutions

Cross discipline

Publons

Open peer review

https://publons.com/home

Cross discipline

Cross discipline

Pubpeer

Open peer review

https://pubpeer.com

Cross discipline

Cross discipline

Slack

Instant messaging and
information posting for
teams

https://slack.com

Cross discipline

Cross discipline

Twitter

Generic social media

https://twitter.com

Cross discipline

Antibodies, Model Organisms,
and Tools (software, databases,
services), are identified by
finding or generating stable
unique identifiers.

XNAT

Repository system: digital
asset management
solutions Neuroimaging

Institutions and organisations

Neuroimaging

Neuroimaging data

Zotero

Collaborative writing/
citation

zotero.org

Cross discipline
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Publication dissemination
This table is for illustrative purposes only; it is not in any way a comprehensive list of the tools available to
researchers to improve the reliability and replicability of their research.
Name

Type of tool

Link

Scientific market

ArXiv

Preprints repository

https://arxiv.org

Quantitative biology, physical
sciences, mathematics,
computer sciences, economics,
quantitative finance, statistics.

BioRXiv

Preprints repository

biorxiv.org

Life sciences

Cochrane database of
systematic reviews

Resource for systematic reviews in
health care

cochranelibrary.com

Clinical science

CORE

Aggregation of open access papers

https://core.ac.uk

Cross discipline

EarthArXiv

Preprints repository

Preprints repository

Earth Sciences

ECOLIB

Preprints, abstracts repository

http://dspace.incdecoind.ro

Industrial Ecology

Europe PMC

Publications repository

http://europepmc.org/
search?query=HAS_FT:Y

Life sciences, biomedical
science, environmental sciences

Facebook

Generic social media

facebook.com

Cross discipline

Figshare

Repository for images, supplementary
data, presentations, code, data linked to
publication

https://figshare.com

Cross-discipline researchers and
institutions

Inquisite

Scientific social media

http://inquisite.org

Cross discipline

Jisc CORE

Search engine and text-mining API

jisc.ac.uk/core

Cross discipline

Jisc Research Data
Shared Service

Data archive

jisc.ac.uk/rd/projects/research-datashared-service

Institutions and organisations

Jisc SHERPA/Fact

Decision support tool for researchers
complying with UK OA policies (RC,
Wellcome, etc)

http://sherpa.ac.uk/fact

Researchers and librarians

Jisc SHERPA/Juliet

Registry of funder OA and research data
policies

http://v2.sherpa.ac.uk/juliet

Researchers and librarians

Jisc SHERPA/REF

Decision support tool for researchers
complying with UK OA policies (REF)

https://ref.sherpa.ac.uk

Cross discipline

Jisc SHERPA/RoMEO

Registry of journal OA policies

http://sherpa.ac.uk/romeo/index.php

Researchers and librarians

Open Science
Framework Preprints

Preprints repository

https://osf.io/preprints

Cross discipline

OpenDOAR

Search engine for open access repositories http://v2.sherpa.ac.uk/opendoar

OSF Institution

Increases institution research visibiity

https://osf.io/institutions/?_
Institutions
ga=2.13286583.1075508018.1531915444230959862.1529659705

Peer J Preprints

Preprints repository

https://peerj.com/about/preprints/
what-is-a-preprint

Life sciences

PsyArXiv

Preprints repository

https://psyarxiv.com

Psychology

Researchfish

Research impact assessment platform

researchfish.net

Cross discipline

ResearchGate

Scientific social media

researchgate.net

Cross discipline

Slideshare

Slides repository

slideshare.net

Cross discipline

SocArXiv

Preprints repository

https://socopen.org

Social sciences

Twitter

Generic social media

https://twitter.com

Cross discipline

Cross discipline
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Information linkage
This table is for illustrative purposes only; it is not in any way a comprehensive list of the tools available to
researchers to improve the reliability and replicability of their research.
Name

Type of tool

Link

Scientific market

Type of data

Crossref

DOI assignment and
linking information

crossref.org/services/referencelinking

Cross discipline

Cross discipline

Datacite

DOI assignment and
linking information

https://datacite.org

Institutions and
organisations

Cross discipline

EZID service

Identifier assignment

https://ezid.cdlib.org

Institutions and
organisations

Cross discipline

ORCID

Researcher identifier

https://orcid.org

Cross discipline

Cross discipline

PubMedID

Identifier assignment

ncbi.nlm.nih.gov/pmc/pmctopmid Life sciences

Life sciences

RAiD

Handle minting and

raid.org.au/raid-faqs

Cross discipline

assignment, persistent
and connects researchers,
institutions, outputs and
tools together

Institutions and
individuals

Jisc
One Castlepark
Tower Hill
Bristol, BS2 0JA
0203 697 5800
info@jisc.ac.uk

