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No evidence that equations cause
impeded communication
among biologists

In their recent contribution to PNAS, Fawcett and Higginson (1)
analyzed article equation density with respect to citation rate.
The observed negative correlation is used to conclude that
“equation density has a strong negative impact on citation rates,”
which then “presumably impedes the wider dissemination of
theoretical predictions” (1). This conclusion is incorrect as it
mistakes correlation for causation.
Although the correlation is found to be significant, no evi-

dence of causality is shown. It is plausible that equations cause
low citation rates via impeded communication. However, equa-
tions are used specifically to communicate with precision and
conciseness. Concepts expressed easily with an equation are of-
ten unwieldy when expressed via text. Thus, it is equally plausible
that, if equations disappeared en masse from scientific papers,
the resultant articles would be unintelligible even to experts, and
thus maintain a low citation rate.
For example, the common inequality “P < 0.05” expresses the

phrase “. . .conditioned on the null hypothesis, the random var-
iable P has a uniform distribution over the Borel field of the
unit interval and is found to have a realized value, conditioned
on the data, to be within the fifth lower percentile. . .” with great
brevity and clarity.
Fawcett and Higginson (1) further assume that citation rates

reflect communication level, and that said communication re-
flects understanding. However, consider the following two
counterexamples. In bioinformatics, the work of Altschul et al.
describing the BLAST tool (2) has 32,000 citations and counting.
In statistics, the work of Fisher describing P values (3) has

transcended citation. Both these works are models of clear,
minimal equation writing, yet the conclusions of each work are
routinely misunderstood. BLAST E values are commonly con-
fused with P values, and P values are commonly confused with
false-positive error rates. Thus, in neither case does citation rate
correspond to communication effectiveness.
In both cases, the mechanism causing impeded communica-

tion is from the reader, not the writer. Further, given the im-
portance of these works to bioinformatics and biology in general,
we reject the statement that it is too difficult or too long-term to
think of strengthening the mathematical expertise of biologists.
If anything, as mathematics rapidly becomes a more central
tool for biology in general, we believe it is too urgent that biol-
ogists gain mathematical sophistication, and do so quickly. For
biology to advance, greater mathematical literacy is an
unavoidable necessity.
In his bestselling book (4), Nobel Prize-winning physicist Ri-

chard Feynman tackles the Herculean task of explaining quan-
tum electrodynamics to the general public. His success in doing
so, in his own words, comes at the price of inefficiency. Thus,
although the reader will be able to understand the discipline
without using mathematics, he will forever be unable to mean-
ingfully work within it.
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