Research Practices for Scientific
Rigor: A Resource for Discussion,
Training, and Practice
Among human endeavors, science is unique because it yields progress: science
advances our understanding of nature, yields new technologies, and improves human
health. Progress depends on the consistent application of the highest standards in
research methodologies, including experimental design, statistical analysis and
reporting, and scientific communication, which we collectively refer to as “scientific
rigor.”
Recent scientific and public reportse.g., 1–6 have raised concerns about lower-thanexpected rates of replication, especially in preclinical research, and some have raised the
serious question of whether the self-correcting nature of the scientific enterprise is being
undercut. Funding agencies, scientific journals, professional organizations, and
institutions have begun to examine the factors that underlie such concerns. Increasingly,
the broad scientific community has become focused on the need to maintain and
enhance rigor as part of our collective responsibility to the integrity of the scientific
mission.
The Society for Neuroscience (SfN), like many professional societies, is evaluating
scientific rigor within our own field. The Society is committed to helping ensure that
neuroscientists are well trained in best research practices, that those practices are
consistently adhered to, and that methods and design issues are reported in such a way
so as to permit appropriate evaluation of results and facilitate attempts at replication.
The document that follows is intended to support SfN members in our shared
commitment to adhere strongly to principles of scientific rigor.
Resources for Neuroscientists
The SfN Scientific Rigor Working Group has developed the following set of research
practices to serve as a foundation for ongoing field discussion. Additionally, the working
group and other SfN leaders are encouraging awareness and discussion of scientific
rigor in neuroscience through many SfN scientific venues and training forums, ranging
from the SfN annual meeting and our journals to professional development and training
programs.
The Research Practices section below is not a complete list of all research practices and
is intended to serve as a foundation for trainees and experienced scientists alike to
reference and use as the basis for conversation, training, and practice. Some of these
practices are already established or straightforward, whereas other issues may be more
complicated or unresolved. It is important to note that it may not always be possible to
strictly adhere to every guideline, and that resulting research can still be rigorous. Given
the complexity of these issues as they relate to individual research questions, SfN
encourages full transparency, consideration, and communication regarding the
implications of the choices made during research.
Policy Considerations
The Working Group stresses that the rigorous conduct of science can be influenced by

other factors beyond the actual conduct of science. Factors that warrant ongoing
discussion and action by the field include:
 support for publication of negative results or results deemed inadequately
“exciting,” or “novel”7–10;
 avoidance of “rushing” findings into publication without full investigation and
proper self-replication6,9;
 increasing incentives to retract incorrect or unreproducible findings9;
 providing incentives and/or funding to perform replications1,11–13;
 consideration of the proper balance between increasing numbers of animals for
replication and the goals of “replacement, reduction, and refinement” in animal
research14;
 minimization of incentives that drive research conducted for reasons other than
pursuit of truth (academic promotions, “publish or perish”)8; and
 consideration of ways to counter the emerging trend in the peer review process
in which additional experiments are requested on an abbreviated timeline, and
pressure for results to be interpreted in ways that conform to previously-reached
conclusions15,16.
Research Practices
The Working Group recommends consistent attention and discussion regarding the
following practices:
Experimental Design includes subject selection, use of controls, and other
methodological concerns.

Topic

Possible Approaches

Unbiased sampling
and data collection

 Systematic random sampling for all data collection, including
selection of subjects, brain areas, cells, or cell parts (e.g., for
behavior, stereology, neurophysiology, etc.) — any time the
entire population isn’t used7,17.
 Use of methods to eliminate/minimize bias in experimental
procedures17. For example, identity of samples and/or
subjects should be blinded7; unbiased (usually random)
assignment of subjects and/or stimuli to experimental groups;
and timing of experiments balanced to account for sources of
bias over time18 (e.g., evolution of surgical skills, fatigue,
change in personnel, test-order effects).
 Use of positive and negative controls18. Use of replicate
samples (including both technical and biologic replicates7) for
experimental groups, when appropriate.
 Use of validated and/or well-characterized reagents1,18 (such
as antibodies and pharmacological agents), procedures, and
behavioral tasks19,20.
 Consider limitations of models (behavioral, animal, cellular,
etc.)8,19, including possible contributions of genetic
background20; selection of injury/disease models with
reliability and validity19,21; recognition of pitfalls and caveats.
 Work to established standards of the field, integrating
industry or other perspectives when appropriate22,23.

Experimental
approach

Thorough
characterization of
experimental
effect

 Repetition of experiments within the laboratory to reduce
likelihood of statistical flukes18.
 Exploration of robustness or lack thereof across cell lines18,
animal models24, species, and individual investigators,
including use of multiple approaches or tools to interrogate
specific mechanisms (molecular, cellular, circuits, etc.).

Data Analysis includes correct collection and analysis of data, and use of appropriate
statistics and sample sizes.7

Topic

Where possible,
analyses should be
pre-planned25

Post-experiment
data analyses

Statistical design18

Possible Approaches

 Pre-determination of sample size (power analyses) for each
planned analysis to ensure experiments are appropriately
powered7,12–14,26,27.
 Pre-identification of stopping points, in order to avoid testing
to a foregone conclusion (i.e., increasing "n" until a
significant effect is seen or stopping the experiment once a
significant difference is seen)7,13,14,26.
 Follow best practices in pooling of data across experiments
(e.g., data collected at different times, collapsed across
planned assessment points, or from different experimental
groups)28–32.
 Use of pre-defined procedures/criteria to deal with attrition or
other missing data and data exclusion (of individual points or
complete data sets)7,13,33–35.
 Selection of appropriate statistical tests (including testing of
statistical assumptions, such as normality of data)13.
 Control for multiple comparisons7,13.
 Avoid “significance chasing” such as interpreting the data in
different ways so that it passes the statistical test of
significance or analyzing different measures until finding one
on which groups differ13.
 Distinguish between non-hypothesis driven, discovery
experiments and those designed to directly test a proposed
hypothesis7.

Transparency includes reporting, publishing, or providing access to specific data,
methods, or analyses7.

Topic

Data preservation

Full transparency
in data and
methods reporting

Possible Approaches

 Complete primary data set backed up and protected against
alterations36.
 Information security applied for sensitive material (videos of
animals or for human subjects protection)36.
 Data accessible to data owners and available to outside
investigators if necessary12,13,36.
 Report full details on methods and experimental design, such
as timing of experiments, compilation of groups from
experiments done over time, technical and biological
replicates, animal surgeries and functional testing, methods

for randomization and blinding, changes in staff carrying out
experimental procedures, and self-replication efforts5,7,13,26,37.
 Fully report results of all analyses done as part of an
experiment (including statistical controls for multiple
comparisons and identification of pre- and post-hoc analyses)
and any pooling of data from experiments done at different
times5,12,13,18,26.
 Full transparency in collaborations between groups (to avoid
false appearance of independence of findings and other
issues related to conflicts of interest)38.
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