
In their correspondence about our recent 
Perspective article (Reproducibility of animal 
research in light of biological variation. 
Nat. Rev. Neurosci. 21, 384–393 (2020))1, 
Richter and von Kortzfleisch support our 
recommendations for a paradigm shift 
from rigorous standardization to systematic 
heterogenization in animal research (It is time 
for an empirically informed paradigm shift 
in animal research. Nat Rev Neurosci. https://
doi.org/10.1038/s41583-020-0369-0 (2020))2. 
However, they argue that empirical studies are 
needed to demonstrate that heterogenization 
improves reproducibility, and how it does so, 
and that heterogenization should be based on 
controlled variation.

Although we welcome their support for 
the proposed paradigm shift and their call 
for more empirical research, we would like to 
emphasize that there is already good empir-
ical evidence demonstrating that heterogen-
ization improves reproducibility. Simulations 
using diverse sets of empirical data collected 
across multiple independent laboratories 
demonstrate that effective heterogenization 
improves reproducibility substantially, for a 
wide variety of outcome variables3. Further 
empirical research is now needed to inves-
tigate practicable solutions, as we indicated 
in the Perspective1. We know of several such 
studies that are currently under way: at the 
University of Bern, some of us are investigat-
ing how heterogenization of study populations 
by breeder (that is, using subpopulations of 
mice from multiple breeders) affects repro-
ducibility; the European consortium EQIPD is 
using large multi-centre studies to identify fac-
tors in study design that influence reproduc-
ibility in pre- clinical neuroscience and safety 
studies; and the German consortium DECIDE 
is monitoring a call by the Federal Ministry 
of Education and Research for multi- centre 
studies to establish best practice guidelines 
to improve the robustness and reproduci-
bility of confirmatory preclinical studies. 
In addition, meta- analyses of large data sets 
of research consortia (for example, EQIPD 
and see ref.4) allow identification of biologi-
cal variables that explain between- centre 

generalization to the specific factor levels used 
(for example, the two genotypes in the case 
of two inbred strains), random factors allow 
generalization of results to the range of vari-
ation covered by the random factor (for exam-
ple, the variety of genotypes represented by 
an outbred strain). However, instead of using 
outbred strains, genetic reference panels such 
as the BXD family of recombinant inbred 
strains8 or the Collaborative Cross9 offer more 
powerful ways of heterogenizing genotype. 
Similarly, for more powerful ways of hetero-
genizing environment, we might establish 
‘environmental reference panels’ — a variety 
of ‘enviro types’ based on a set of biologically 
relevant exogenous factors that are known to 
affect the organisms’ phenotypes10,11.

In conclusion, we maintain that the study 
of the principle of heterogenization and its 
effects on reproducibility is clearly beyond 
the conceptual level. However, we agree 
with Richter and von Kortzfleisch that more 
research is needed to explore and validate 
effective and practicable study designs for 
specific purposes.
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variation and may thus become effective 
heterogenization factors. Nevertheless, we 
need to consider the possibility that effective 
heterogenization may be context dependent, 
and specific solutions may have to be sought  
for specific research questions, animal models 
or outcome variables.

Richter and von Kortzfleisch further argue  
“that the concept of heterogenization relies 
on the introduction of systematic and 
hence controlled variation”2. We deliber-
ately refrained from limiting heterogen-
ization to specific factors and procedures. 
Empirical multi-centre simulations have 
shown that uncontrolled heterogenization 
by centre, introducing significant variability 
in geno type, husbandry and study proto-
cols, improved reproducibility substantially3. 
Ideally, we would be able to mimic multi- 
centre studies by systematically varying one 
or two factors that account for most of the 
observed between- centre variation. Richter 
and von Kortzfleisch refer to ‘experimenter’ 
as an example of such ‘umbrella factors’. We 
are sceptical that experimenter is a good 
example though and question whether such 
umbrella factors exist — especially ones 
that generalize across animal models and 
outcome variables. Although experimenter 
can have strong effects on study results5,6  
and can be varied systematically, the variation 
introduced by experimenter is uncontrolled  
(similar to ‘laboratory’), as we can neither 
predict how different experimenters will 
affect the results nor analyse what differences 
between experimenters caused variation in 
the results. In most cases, between- study 
vari ation will probably be multifactorial and 
the assumption that one or two factors exist 
that account for most of it may be unrealistic. 
More realistically, we should aim to prevent 
unwarranted overgeneralizations by extend-
ing the inference space of animal studies 
using biologically meaningful heterogeniza-
tion factors. Richter and von Kortzfleisch are 
concerned that “using outbred strains might 
bear the risk of inflating sample sizes” but 
recent evidence strongly suggests otherwise7. 
Furthermore, whereas fixed factors limit 
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