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Does systematic variation improve the 
reproducibility of animal experiments?
To the Editor: Reproducibility of results is a fundamental tenet 
of science. In this journal, Richter et al.1 tested whether system-
atic variation in experimental conditions (heterogenization) 
affects the reproducibility of results. Comparing this approach 
with the current standard of ensuring reproducibility through 
minimizing variation in experimental conditions (standardiza-
tion), they concluded that heterogenization improved reproduc-
ibility1. However, in our view, they did not account for significant 
sources of dependency in their data, which resulted in an inflated 
type I error rate through pseudoreplication (defined as “the use 
of inferential statistics to test for treatment effects with data from 
experiments where either treatments are not replicated (though 
samples may be) or replicates are not statistically independent”2). 
We show that this leads to strong overconfidence in their analyses 
and that their hypothesis is unsupported.

Richter et al.1 compared F ratios of strain-by-experiment 
interactions of 36 behavioral measures to test for differences in 
reproducibility between series of standardized and heterogenized 
experiments. Although these measures were treated as indepen-
dent, most are strongly intercorrelated, thus causing interdepen-
dency of the F ratios. Two sources contribute to interdependence 
of behavioral measures and, hence, pseudoreplication. First, the 
measures within each of their three behavioral tests are strongly 
intercorrelated. For example, an animal exploring the edge of 
an arena cannot explore the center simultaneously. Second, the 
measures are correlated across tests because many animals show 
temporal and cross-contextual consistency in behavioral traits 
(known as ‘animal personalities’3,4). However, to allow meaning-
ful comparison of reproducibility for standardized versus hetero-
genized experiments, F ratios must be obtained independently5.

We reanalyzed their data (Supplementar y Note  and 
Supplementary Figs. 1–6) by identifying supposedly indepen-
dent variables using hierarchical clustering. This analysis showed 
that there was no detectable difference in reproducibility between 
standardization and heterogenization. Hence, in our view, their 
data do not support their hypothesis.

We caution that overconfidence resulting from pseudorepli-
cation may lead to premature conclusions in studies designed 
to prove this principle1,6,7. Unjustifiably assuming that hetero-
genization yields better reproducibility may prompt a reduction 
in the number of replicate experiments, possibly decreasing the 
chance of detecting desired and/or unwanted effects8. Hence, 
further studies validating the benefits of heterogenization for 
reproducibility are required before it can be adopted as the new 
standard.

Note: Supplementary information is available in the online version of the paper 
(doi:10.1038/nmeth.2439).

Reanalysis of Richter et al. (2010) on 
reproducibility
To the Editor: The thesis put forth by Richter et al.1 is that hetero-
genization improves the reproducibility of animal experiments over 
the more common practice of standardization. As support, they pres-
ent an analysis of a somewhat complex experiment with 36 different 
responses and show primary results in their Figure 1. In the current 
issue of Nature Methods, Jonker et al.2 pose some challenges to the 
thesis, one of which is the lack of standard errors in Figure 1; another 
is that the responses are correlated, and so it is not obvious that the 
difference shown in Figure 1d is significant.

Although there is some validity to claims from both sides, neither 
group appears to have analyzed this data set with a complete model, 
and so there is a lack of convincing statistical evidence regarding 
reproducibility. To this end, I reanalyzed the data using a mixed linear 
model that attempts to capture all relevant sources of variability and 
provides a basis for a more formal statistical test of reproducibility. 
The model includes a full three-way factorial and heterogeneous vari-
ances (Supplementary Note 1).

One way to pose the question is as follows: do the two-way dif-
ferences (differences of differences) themselves differ across con-
ditions? This can be formally tested by the three-way interaction 
term in the mixed linear model. If the thesis were true, we would 
expect to see some significant three-way interactions because the 
differences from the heterogenized experiments would have a 
more consistent pattern than would those from the standardized  
experiments.
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