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The Literary Digest poll- A huge
sample survey (and a bad one)

% In 1936, FDR was completing his first term as
president of the US.

# The candidates for presidency : FDR and Alfred
Landon

# The country was after the big depression. 9 million
unemployed, income dropped by 1/3 during 1929-
1933

# Most observers thought FDR will win easily, but

= Literary Digest magazine ( a very prestigious magazine)
predicted overwhelming Landon victory 57% to 43%

= Based on replies of 2.4 million individuals - /argest number
of people ever to reply to a poll

s Roosevelt won the 1936 election by a landslide: 62% to
38%

x What happened?




The Literary Digest poll- The sample

L

First, the sample size, more than big enough,
However, how did they pick their sample?

We want our sample to be representative of
the population. Otherwise, we have,
selection bias

# The method of Literary Digest:
= Mail questionnaires to 10 million persons

= Names taken from telephone books and club
membership list

= Got replies from 2.4 million people
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The therary Di ngest poll- The biases

aken fronr telephone books and club
membershlp list

= That sampling frame (the list from which the
sample is drawn) tended (especially in 1936) to
screen out poor people. Critical in 1936- the poor voted
overwhelmingly FDR - Se/ection Bias

»s Got replies from 2.4 million people (out of
10,000,000)

= If non-responders differ in the voting preference —
Non-response bias

s How do we know it happened here?In Chicago
they mailed questionnaires to every third voter
(no selection bias) - About 20% responded —
favored Landon 50%, but FDR took Chicago by a
two-to-one margin




Do we need such a large sample?

& Not if the sample is taken according to proper
o~ statistical principles:

= An example: George Gallup, using a sample of only 3,000
from the same sample frame as Literary Digest, and using
a Simple Random Sample, predicted within one
percentage point what the prediction of Literary Digest
will be (and that it will be wrong!)

s From a sample of 50,000 (and not 2.3 million) he
correctly forecasted FDR’s victory (but was quite off by

quite 2 fHle election of 1936 e
Literary Digest’s prediction 43%

Gallup’s prediction of Digest’s prediction | 44%
Gallup’s prediction of the election result 56%
The election result 62%




Sample surveys- Summary

@ When the selection procedure is biased, a
““large sample doesmn’t help. Just repeats 'the
basic mistake on a larger scale

@ If the sampling frame (the list from which
the sample is drawn) tended (especially in
1936) to screen out poor people. Critical in
1936- the poor voted overwhelmingly FDR -
Selection Bias

= Got replies from 2.4 million people (out of
10,000,000)

= If non-responders differ in the voting preference -
Non-response bias

= How do we know it happened here? In Chicago
they mailed questionnaires to every third voter
(no selection bias)—- About 20% responded —
favored Landon 50%, but FDR took Chicago by a
two-to-one margin




Survey Sampling - Other Sampling Plans

& The Simple Random Sample is one of the
Probability Sampling Plans in which we
can calculate for each individual the
chance that s/he will be selected to be

in the sample

& Other Sampling Methods:

n Stratified Random Sampling
s Cluster Sampling

n Systematic Sampling (e.g. Chicago’s plan in
1936)

s Multistage Sampling
» A technical method: Random Digit Sampling




Survey Sampling - The biases

@« Names taken from telephone books and club
membership list

@ If the sampling frame differs from the population
we have - Selection Bias

# We alsohave Selection Bias when there is no
sampling frame and the selection procedure is
biased, i.e. Haphazard or Convenience sample (i.e. in
the mall), or Volunteer or Self- Selected sample

® When we have a low response rate and non-
responders differ in their characteristics— Non-
response bias

& A Simple Random Sample (if large enough) ensures
that the characteristics of the population (known
and unknown) are well represented in the sample




The Salk Vaccine- One of the
largest experiment in the history

/R

The polio epidemic — hit USA first in 1916
By 1950s - several vaccines were discovered

The one by Jonas Salk from the University of
Pittsburgh seemed the most promising in
laboratories

# In 1954 The Public Health Service decided to do:

= Large scale field trial

= Nearly 2,000,000 children involved, among them:
+ Half a million vaccinated
+ One million left deliberately unvaccinated
+ Half a million refused to be vaccinated

= Field trial among the most vulnerable age group — grades 1,2,3
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The Salk Vaccine Trial- Continued

“The-2,000,00 children involved — sample from the population
Method of analysis - Comparison:
= Treatment is given only to some subjects — Treatment group

= Others with no treatment (deliberately unvaccinated)-
Control group

Treatment and control are of different sizes, but that is OK
What is to be measured: Rates of polio (cases per 100,000)
in 2 groups

= Rates instead of absolute numbers adjust for sample sizes

*e

% Why do we need a control group? Why not give all the vaccine?

= History: Rates vary from year to year: In 1952-60,000, in 1953-30,000

8 Ikn 1954 rates dropped sharply from 1953, but without control we don’t
NOW:

+ Is it the vaccine?

+ Is it no epidemic that year?
= The only way to know leave some deliberately unvaccinated - controls




The Salk Vaccine Trial- Continued

@/\

How to select the treatments and controls:

= Obviously, parents’ permission is required for
vaccination
= SO0, one possibility for treatment control:
+ Vaccinate those who consented
+ The others — control group

Is this a good design? - No!

= It is know- consent more likely in the higher-
iIncome groups

= Those in the lower-income groups are less
vuilnerable to polio

= Paradox, but those in lower-income are more
Iike:}( to have had natural immunization in
childhood — mild form of polio

= So, the two groups are not comparable




The Salk Vaccine Trial- Continued

# The statistical lesson - to avoid bias the treatment
nd the control group have to be as similar
s possible — except for the treatment

# That makes possible to conclude - difference in
response — due to treatment and not other effects

# When groups differ in other factors — their effect
ay be confounded (mixed up) with that of the
treatment

# OK, so no consent (treatment) vs. no consent
(control)

# S0, should we select the treatment and control?

= To make a fair comparison -the treatment and
control groups have to be selected from the
same population: Children whose parents
consented

s Now how to select?




The Salk Vaccine Trial- Continued

® Maybe — human judgment to make them

“as similar as possible”?
& Experience show- Substantial bias

@ Solution: RANDOMIZATION

50% Chance to be in Treatment

50% to be in control and get PLACEBO

® PLACEBO - Injection with salt dissolved in
walter

& Children (parents) didm’t know which

group
& Why? To avoid Placebo Effect
& Another precaution: to avoid possible

bias from doctors: DOUBLE BLIND
EXPERIMENT




The Salk Vaccine Trial- Continued

& Summary of Design of Experiment

@ No to “Give all and Compare years” —
onfounded Effect—- Epidemic disease — Various
atural rates

o to “Consent=Treatment, No
onsent=Controfl’ Confounded Effect -
ifference in groups — socio-economic and
natural prevalence

@ Yes to Definition of Population: consented

® Assignment to Treatment and Control by
RANDOMIZATION
« PLACEBO-Children (parents) didm’t know which group
» DOUBLE BLIND EXPERIMENT - Doctors didn’t know




The Salk Vaccine Trial- Continued

@ Another of Design of Experiment — Design
of National Foundation for Infantile
aralysis (NFIP):

@ Treatment—- Controfl but no
andomization:

n JTreatment: Children (consent) grade 2
s Control: Grade 1 and 3

& Problems:

s Contagious: Rate could be much higher or
much lower in grade 2

n Consent in grade 2: bias against vaccine




The Salk Vaccine Trial — Resu/ts

¢ Double Blind| Randomized
Controlled | Experiment Th e NF.[P D es. /:g n
Size Rate Size Rate
(per100,000)
Treatment | 200,000 28| Grade2 | 225 000 25
(vacdne)
Control | 200,000 | 71619 | Gredels | 725,000 |54 (549
reduction) (control) reduction)
No Consent | 350,000 46 Grade 2 (no | 125 000 44

consent)




Controlled and Uncontrolled Experiment -
Gastric Freezing

f ulcer— 1958 new technique - gastric
eezing: balloon in stomach, coolant pumped and
eezes the stomach for 1 hour. The digestive process
tops and ulcer begins to heal

& Wangensteen tried it in 1954 on 24 patients - all were

& Good enough proof?
® Many doctors were suspicious — no controls

#® In 1963 a double blind randomized - controlled
experiment was set up by Ruffin:
s 82 treatment and 78 control (randomly assigned)

+ Treatment- by Wangensteen’s technique

+ Control- Sham freeze — a shunt into balloon — returned coolant
before reaches stomach

® Two- {ears follow up by doctors who didm’t know
whether patients had been given true freeze or sham.



Controlled and Uncontrolled Experiment -
“Gastric Freezing - Results

Treatment Control
Six-weeks 29% symptom free | 29% symptom free
47% improved 39% improved
24 months 45% relapse and 40% relapse and
clinically worse clinically worse

At no time during follow-up there was significant difference between
the groups

Study shows conclusively — freezing procedure no better than sham

Reasonably to assume — early positive reports — psychological effects of
the procedure

Wangesteern’s experiment— badly designed— no control.

Ruffin’s experiment— well designed - double blind - randomized
controlled
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Observational study — Sex Discrimination
“at-Graduate Division at Berkeley (1973)?

Men Women

Overall 8,442 applied [4,321 applied
44% admitted | 35% admitted

6 largest majors | 2,961 applied |1,835 applied
(riore than 3¢ 45% admitted |30% admitted

applicant each)

& Admissions to graduate work - separately for each major
& No experiment is possible
® But we can control for the confounding (mixed up) factor



Observational study-Sex Discrimination-

Controlling for Majors

Major| Men- Percent|  \Women- Percent
Applicants | Admitted | applicants Admitted

A 825 62% 108 82%

B 500 63% 25 68%

C 325 37% 593 34%

D 417 33% 375 35%

E 191 28% 393 24%

F 373 6% 341 70/,
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