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How can scientists tell that a sample represents a
population?



Is two million responses enough to predict an
election?

▶ The Literary Digest, a weekly magazine with circulation over one
million in the 1930s, conducted a poll to predict the winner of the
1936 election.

▶ The magazine mailed ten million questionnaires, “drawn from every
telephone book in the United States, from the rosters of clubs and
associations, from city directories, lists of registered voters, classified
mail-order and occupational data.”

▶ There were 2,376,523 responses, suggesting Kansas Governor Alfred
Landon (R) would beat incumbent Franklin Delano Roosevelt (D) by
54 percent of the popular vote (370 electoral votes).

▶ How accurate was this estimate?



Sample questionnaire sent by the literary digest
(Lohr and Brick 2017)



Standard error negligible under random sampling

▶ Let 𝑋 be the number voting for Landon, where
𝑋 ∼ Binomial(𝑛 = 2, 376, 523, 𝑝).
▷ The Literary Digest observed 𝑥 = 1, 283, 322.

▶ An estimate for 𝑝 is ̂𝑝 = 𝑥𝑛 = 1,283,322
2,376,523 = .54.

▶ An approximate 95-percent confidence interval for 𝑝 is
̂𝑝 ± 2√ 𝑝̂(1−𝑝̂)

𝑛 = .54 ± 2√ .54(1−.54)
2,376,523 = .54 ± .0006

binom.test(x = 1283322, n = 2376523)$conf.int

## [1] 0.5393659 0.5406336
## attr(,"conf.level")
## [1] 0.95



But FDR won by 60% (523 electoral votes)



What went wrong?

▶ The Literary Digest accurately estimated the proportion of
respondents voting for Landon NOT the proportion of voters in
America.

▶ Selection Bias/Incomplete Sampling Frame: Less than half of
households owned a phone in 1936.
▷ Richer residents were more likely to be mailed a ballot, and these

residents were more likely to vote Republican.

▶ Nonresponse Bias: Only one fourth of those contacted responded.
▷ The survey occurred in the midst of the Great Depression. It is again

more likely that richer residents would respond, and these residents
are more likely to vote Republican.



Meanwhile, Gallup conducted a (more) random
sample of 50,000 voters

▶ Gallup actually had higher nonresponse rates, but took steps to
avoid bias, including in-person interviews. Twenty-three thousand
indicated they would vote for Landon.

▶ An estimate for 𝑝 is ̂𝑝 = 𝑥𝑛 = 23,000
50,000 = .46.

▶ An approximate 95-percent confidence interval for 𝑝 is
̂𝑝 ± 2√ 𝑝̂(1−𝑝̂)

𝑛 = .46 ± 2√ .46(1−.46)
50,000 = .46 ± .004

binom.test(x = 23000, n = 50000)$conf.int

## [1] 0.4556239 0.4643808
## attr(,"conf.level")
## [1] 0.95



Gallup’s standard error was seven times larger…

▶ …but randomization reduced selection/nonresponse bias, giving
Gallup the correct prediction of the winner (although also
underestimating the popular vote).

▶ Gallup went even further: he released his survey before the Literary
Digest and correctly predicted how far off the Digest would be.

▶ These bold but accurate predictions gave Gallup’s American
Institute of Public Opinion national recognition and lead to a
massive improvement in polling statistics.



Pittsburgh Post Gazette Poll Summary (11/2/1936)



Pittsburgh Post Gazette Poll Summary Continued



Election prediction is far from perfect…
▶ Gallup incorrectly predicted New York Governor Thomas Dewey (R)

would beat incumbent president Harry Truman (D).

▶ The incorrect prediction was famously printed by newspapers that
were too impatient to wait for the full returns.



Are low-response surveys automatically biased?
▶ Groves and Peytcheva examine fifty-nine methodological studies,

designed to estimate the magnitude of nonresponse bias.

▶ Not a strong relationship between the response rate and bias,
although results sensitive to how bias is calculated.
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