How to Estimate Unknown Unknowns:
From Cosmic Light to Election Polls
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First case study: space light. Stars in the galaxies emit light. Some galaxies are visible, others are not
too far away to be visible individually, but since there are many of them, together they contribute to the
optical background visible by space telescopes. We have a reasonably good understanding of how galaxies
are distributed in space and what light an average galaxy emits. Based on this information, we can estimate
the amount of background light. Interestingly, the observed amount is almost exactly twice larger than the
estimate — meaning that there are some additional sources of light in the Universe; see, e.g., [1].

Second case study: election polls. It is known, from statistics, that if we estimate the probability of an
event based on the sample of size n, then the standard deviation o of the corresponding accuracy is equal
to v/p- (1 —p)/n. In particular, when we use the poll of n = 1000 randomly selected people to estimate the
probability p of a candidate’s win, then for candidates with approximately equal chances, where p ~ 0.5, we
get o ~ 1.7%. So, with 95% confidence, this should estimate the probability with 2¢ ~ 3.5% accuracy. In
practice, the largest deviation is twice larger; see, e.g., [2].

How can we explain these two facts. In both cases, taking unknown unknowns into account doubles
the corresponding value. How can we explain that?

In both cases, we know the estimated value v, and we want to estimate the actual value a. The only
information that we have about a is that a > v. Based on this information, how can we estimate a? To
answer this question, let us consider the unknown value a as the new measuring unit for the corresponding
quantity. In terms of this new unit, the value a will take the form A = 1, and the value v will have the form
V =w/a. Since 0 < v < a, we have 0 < V < 1, so the only thing we know about this value V' is that it is
located on the interval [0, 1]. We have no reason to assume that some of these values are more probable than
others, so it makes sense to assume that all these values are equally probable — this argument is known as
Laplace Indeterminacy Principle. In other words, it is reasonable to assume that the value V is uniformly
distributed on the interval [0, 1].

If we want to represent this distribution by a single number, a reasonable choice is to select the value V;
for which the mean square deviation from the actual (unknown) value v is the smallest possible. One can
easily check that this Vj is the mean value of V, i.e., V5 = 1/2. Thus, we have v/a = 1/2. Based on this
relation, if we know v, then a reasonable estimate for a is @ = 2v — which is exactly what we observe in the
above two cases.
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