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animals are carefully scrutinized by ethical review committees, the 
scientific validity and reproducibility of study outcomes are generally 
taken for granted4. Such confidence may not be warranted as high-
lighted by the ongoing “reproducibility crisis” in biomedical research.

Over the past decade, evidence has accumulated indicating 
that scientific validity and reproducibility are alarmingly poor 
throughout biomedical research1,5. Based on systematic reviews 
and simulations, Ioannidis concluded that “for most study designs 
and settings, it is more likely for a research claim to be false than 
true”6. This is supported by evidence for risks of bias throughout 
in vivo research4,7,8, spectacular cases of irreproducibility9,10, and 
translational failure on a large scale11,12.

Systematic error (bias), poor reproducibility, and translational 
failure can be caused by flaws at all levels of research, including 

Every year, 50–100 million vertebrates are used in experimental 
procedures worldwide. The use of animals for research is legally 
regulated on the explicit understanding that such use will provide 
significant new knowledge facilitating relevant benefits, and no 
unnecessary harm will be imposed on the animals1. Harm-benefit 
analysis (HBA) is the common tool for making ultimate decisions 
on whether study protocols meet these expectations. Therefore, 
HBA is a crucial part of project evaluation and explicitly required 
by the EU Directive 2010/63; it is also implied in the US Guide for 
the Care and Use of Laboratory Animals and emphasized in the 
Terrestrial Animal Health Code by the World Organization for 
Animal Health (OIE)2.

HBA follows the legal principle of proportionality and involves 
three main questions, namely (1) whether the study is suitable 
for achieving a legitimate aim, (2) whether it is necessary, and (3) 
whether it is adequate. Question (3) refers to the actual HBA, which 
evaluates whether the expected benefits of a study outweigh the 
harms imposed on the animals. Questions (1) and (2) are instru-
mental prerequisites for the actual HBA; they are concerned with 
the scientific rationale underpinning the expected outcome of the 
study (suitability) and potential alternatives to the likely harms 
imposed on the animals (necessity).

Evaluation of potential alternatives essentially examines wheth-
er the 3Rs principle3 has been exploited to minimize the harms 
imposed on the animals. Thus, for a study protocol to proceed to 
the final HBA, it must argue convincingly that the expected out-
come cannot be achieved by using no or non-sentient animals 
(replace), by using fewer animals (reduce), or by using less harm-
ful procedures (refine). In particular, refinements such as enriched 
housing, habituation to procedures, non-invasive techniques, and 
anesthetics and analgesics can shift weights in HBA of animal 
experiments by minimizing the harms imposed on the animals.

Bumping up the benefits
But what about the benefit side of the equation? Unless a study pro-
duces results that are scientifically valid and reproducible, the animals 
may be wasted for inconclusive research, no matter how little harm 
is inflicted on them1. Whereas 3R efforts to minimize harms to the 
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The reproducibility crisis in biomedical research presents a new challenge for conducting harm-benefit 
analysis: how do we improve the validity of studies to maximize the likelihood of benefit?

FIGURE 1 | Refined procedure for harm-benefit-analysis (HBA) in animal 
research. Whereas 3Rs methods minimize the weight of harms to the animals 
on the HBA balance, methods to improve the scientific validity of the 
research (3Vs) maximize the value of study outcomes, thereby facilitating 
the expected benefits.
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The 3Vs of scientific validity
I therefore propose to extend HBA by adding a more systematic 
assessment of scientific validity and suggest including three key 
aspects of scientific validity, namely construct validity (cV), inter-
nal validity (iV), and external validity (eV), which for reasons of 
convenience I will hereafter refer to as the 3Vs. Thus, before the 
actual HBA, study protocols should not only be assessed for the 3Rs 
but also for the 3Vs (Fig. 1 and Table 1). Assessment of construct 
validity should be based on evidence about the level of agreement 
between the animal model, test or outcome variable and the qual-
ity it is meant to measure20. In the case of outcome variables this 
may include evidence of convergent and discriminant validity; in 
the case of animal models for specific conditions (for example, dis-
eases) in humans or other animals this may include evidence of the 
three main aspects of model validity: face, construct, and predic-
tive validity20,21. Assessment of internal validity should be based on 
evidence for the scientific rationale (e.g. use of appropriate control 
groups) and for scientific rigor in terms of measures against risks 
of bias (for example, definition of primary and secondary outcome 
variables, sample size calculation, randomization, blinding, statisti-
cal analysis plan)1,22. Finally, assessment of external validity should 
be based on evidence for experimental design features that enhance, 
or facilitate inference about, the reproducibility and generalizability 
of the expected results1. This includes splitting experiments into 
multiple independent replicates (batches)23, introducing system-
atic variation (heterogenization) of relevant variables (for example, 
species/strains of animals, housing conditions, tests, etc.)15,24,25, or 
implementing multi-center study designs26. In this way, the 3Vs 
could offer welcome guiding principles for assessing and maximiz-
ing the scientific validity of study outcomes, thereby increasing the 
likelihood of achieving the expected benefit of animal experiments.

At present, ethical review does not include a systematic assess-
ment of scientific validity in the course of HBA. For animal research 
in Switzerland we recently demonstrated that the authorities licens-
ing animal experiments would actually lack important information 
to do so; the application form does not explicitly ask for it and, 
therefore, applicants do not provide it4,8. In light of the current 
“reproducibility crisis”, I propose that a more systematic assessment 
of the 3Vs – similar to the assessment of the 3Rs – as part of HBA 
would provide a powerful tool to evaluate and enhance the scien-
tific validity and reproducibility of in vivo research.

This seems particularly pertinent in terms of reproducibility and 
generalizability of research findings. The scope of animal experi-
ments is often very narrow, most studies being conducted as small-
scale single-laboratory studies. Due to the highly standardized 
conditions within laboratories, results of single-laboratory studies 
have often very little external validity1,15,27. Ironically, 3R efforts to 
minimize animal use (reduce) may inadvertently exacerbate this 
situation by promoting standardization as a means to reduce with-
in-experiment variation in view of smaller sample sizes28. However, 
this can be counterproductive since standardization inevitably 
reduces external validity, and as a consequence reproducibility27,29.

Using data from 50 independent studies on the effect of hypo-
thermia on infarct volume in animal models of stroke, we recently 
conducted a simulation study to analyze reproducibility of single-
laboratory studies compared to multi-laboratory studies. Treatment 

design, conduct, analysis, and reporting of experiments. For exam-
ple, studies may use poorly validated animal models or outcome 
variables13; they may be based on samples that are too small14 or 
idiosyncratic15; they may violate principles of good research prac-
tice (for example, randomization, blinded outcome assessment, a 
priori sample size calculation)4,7,8 or use inappropriate statistics 
(for example, p-hacking)16; or they may report results selectively17 
or not at all (for example, publication bias)18.

All of this can be detrimental to the scientific validity and repro-
ducibility of results published in the primary scientific literature, 
thereby compromising the outcome of the research. In much the 
same way as the 3Rs principle serves to implement strategies that 
minimize harms to the animals, a more powerful principle may be 
needed to implement strategies that maximize scientific validity, 
thereby facilitating the benefits of animal experiments. The fol-
lowing analogy may illustrate this. When refinements for a harm-
ful procedure are available (for example, post-surgical analgesia) 
but ignored in a study protocol, this represents a violation of the 
3Rs principle, thereby causing unnecessary harms to the animals. 
Similarly, ignorance of measures against risks of bias (for example, 
randomization, blinded outcome assessment) can be regarded as 
violation of the principles of good research practice, thereby com-
promising the outcome of studies. However, similar to unavoid-
able harms, not all risks of bias are avoidable. For example, when 
assessing behavioral differences between mice of different coat 
color, blinded outcome assessment may be impossible. Although 
non-blinded outcome assessment represents a risk of bias that com-
promises the study outcome, it is not unethical. By contrast, when 
blinded outcome assessment is feasible but ignored without justi-
fication, it represents a case of irresponsible use of animals, which 
is unethical, and for example, in the EU is actually against the law.

There is some debate as to whether scientific validity should 
be weighed on the harm side or the benefit side of the equation2, 
or whether it should be part of an independent third dimension 
“likelihood of benefit” as in “Bateson’s cube”19. However, in their 
recent report on current concepts of HBA of animal experiments, 
the AALAS-FELASA Working Group concluded that “perform-
ing HBA in a systematic way and thereby defining and describing 
benefits is not common practice”, but that “a well-designed experi-
ment is a fundamental criterion for reliable information and for 
generating any benefit at all”2.

TABLE 1 | Considerations for harm-benefit analysis

Suitable Assess validity (3Vs)
construct validity
internal validity
external validity

Necessary Assess harms (3Rs)
replace
reduce
refine

Adequate Harm-benefit analysis
weight of harms: consider 3Rs
weight of benefits: consider 3Vs
conduct harm-benefit analysis
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effects of single-laboratory studies varied widely (between 0% and 
100% reduction of infarct volume), and this variation was reduced 
considerably by multi-laboratory designs. Furthermore, whereas 
less than 50% of single-laboratory studies produced an accurate 
estimate of the “true” effect size (reduction of infarct volume by 
48%, as assessed by meta-analysis), simulations showed that multi-
laboratory studies based on as few as three laboratories can increase 
reproducibility from less than 50% to over 80%, without increasing 
false negative rate or a need for larger sample sizes30.

Beyond HBA in ethical review of animal research, the 3Vs could 
also become instrumental for peer-review of grant applications and 
manuscripts submitted for publication. It is laudable that the NIH 
has recently updated its guidelines for how to evaluate research pro-
posals by including assessment of scientific rigor (https://grants.
nih.gov/reproducibility/index.htm), and that more and more jour-
nals are endorsing the UK NC3Rs ARRIVE guidelines (https://
www.nc3rs.org.uk/arrive-guidelines). However, assessing scientific 
validity more systematically based on the 3Vs could help develop 
these initiatives further toward more powerful guidelines. As with 
the 3Rs, there is no need for a fixed checklist approach. Instead, 
funders deciding on the allocation of grant money, authorities 
licensing animal experiments, and editors evaluating manuscripts 
for publication could all define their own criteria for assessing 
each of the 3Vs in a way that appears most conducive to the kinds 
of decisions at their hands. Besides facilitating decision making, 
this would also enhance the scientific validity and reproducibility 
of findings from animal research. While this is clearly important 
for scientific reasons, it also matters on ethical grounds; it helps 
to avoid wasting animals for inconclusive research and imposing 
unnecessary harm on laboratory animals.
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