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Law of truly large numbers

The law of truly large numbers is the observation in statistics that any highly unlikely result (i.e., an

event with constantly low but non-zero probability across samples) is likely to occur, given a large
enough number of independent samples. It is not a mathematical law, but a colloquialism.!] The law has
been used to rebut pseudo-scientific claims.[?]

The observation is attributed to statisticians Persi Diaconis and Frederick Mosteller.l!] Skeptic and
magician Penn Jillette similarly said that "million-to-one odds happen eight times a day" among the
roughly 8 million inhabitants of New York City.[3] In another illustrative class of cases—which also
involve combinatorics—Ilottery drawing numbers have been duplicated in close or even immediate
succession.[416]

Examples

Suppose that an event A has only a 1% probability of o p
occurring in a single trial. Then, within a single trial,  os 05

there is a 99% probability that A will not occur.

However, if 100 independent trials are performed, the 0 o8
probability that A does not occur in a single of them, YN o e o o e 1-Le
even once, is 0.99' =~ 36.6%.”1 Therefore,

probability of A occurring in at least one of 100 trials o o
is 1 —0.99'% =~ 63.4% . If the number of trials is

increased to 1,000, that probability rises to 0.2 08
1 — 0.99'°%° ~ 99.997%. In other words, a highly

unlikely event, given enough independent trials, is  , 09
very likely to occur.

Similarly, for an event B with "one in a billion odds" ’, 0 0 ” a0 o
of occurring in any single trial, across 1 billion n

independent trials the probability of B occurring at ~ Graphs of probability £ of not observing

independent events each of probability 1/n after n
Bernoulli trials, and 1 = P vs n. As n increases,
the probability of a 1/n-chance event never
appearing after n tries rapidly converges to 1/e.

least once is
1 — 0.9999999991:000,000.000 ~; 63 21%  Taking a
"truly large" number of independent trials like 8
billion (the approximate human population of Earth as
of 2022) raises this to 99.96%.8]

These calculations can be formalized in mathematical language as: "the probability of an unlikely event X
happening in N independent trials can become arbitrarily near to 1, no matter how small the probability of
the event X in one single trial is, provided that N is truly large."[g]

For example, where the probability of unlikely event X is not a small constant but decreased in function
of N, see graph.
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In high availability systems even very unlikely events have to be taken into consideration, in series
systems even when the probability of failure for single element is very low after connecting them in large
numbers probability of whole system failure raises (to make system failures less probable redundancy can
be used — in such parallel systems even highly unreliable redundant parts connected in large numbers
raise the probability of not breaking to required high level).[lo]

In criticism of pseudoscience

The law comes up in criticism of pseudoscience and is sometimes called the Jeane Dixon effect (see also
Postdiction). It holds that the more predictions a psychic makes, the better the odds that one of them will
"hit". Thus, if one comes true, the psychic expects us to forget the vast majority that did not happen which
is called the confirmation bias."! Humans can be susceptible to this fallacy.

Another similar manifestation of the law can be found in gambling, where gamblers tend to remember
their wins and forget their losses, 2] even if the latter far outnumber the former (though depending on a
particular person, the opposite may also be true when they think they need more analysis of their losses to
achieve fine tuning of their playing system[13]). Mikal Aasved links it with "selective memory bias",
allowing gamblers to mentally distance themselves from the consequences of their gambling[13] by
holding an inflated view of their real winnings (or losses in the opposite case — "selective memory bias in

either direction").

See also

= Law of large numbers — Averages of repeated trials converge to the expected value
= Poisson clumping

= Black swan theory — Theory of response to surprise events

= Boltzmann brain — Philosophical thought experiment

= Bonferroni correction — Statistical technique used to correct for multiple comparisons
= Coincidence — Concurrence of events with no connection

= |nfinite monkey theorem — Counterintuitive result in probability

= Junkyard tornado — Fallacious argument against abiogenesis of chance

= Law of small numbers

= Library of Babel — Short story by Jorge Luis Borges

= Littlewood's law — Statistical law

= Look-elsewhere effect — Statistical analysis phenomenon

= Miracle — Event not explicable by natural or scientific laws

= Murphy's Law — Adage that anything that can go wrong will go wrong

= Psychic phenomena — Person claiming extrasensory perception abilities

= Totalitarian principle — Quantum mechanics principle stating: "Everything not forbidden is
compulsory"

Notes

1. Everitt 2002
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= David J. Hand, (2014), The Improbability Principle: Why Coincidences, Miracles, and Rare
Events Happen Every Day (https://books.google.com/books?id=raZRAQAAQBAJ)

External links

= Math Explains Likely Long Shots, Miracles and Winning the Lottery (Excerpt) (http://www.sci
entificamerican.com/article/math-explains-likely-long-shots-miracles-and-winning-the-lotter
y/) in Scientific American by David Hand 2014

= skepdic.com on the Law of Truly Large Numbers (http://skepdic.com/lawofnumbers.html)

= on the Law of Truly Large Numbers (http://www.quackwatch.org/04ConsumerEducation/coin
cidence.html)

= The On-Line Encyclopedia of Integer Sequences (https://oeis.org/A219330) — related
integer sequence
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