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Hypothesis Testing

» Goal: Answer yes/no questions about the world

« Examples:
* Is coffee good for you?
* Did water from the Broad Street pump cause cholera?
» Does coffee cause cancer?

* We are not looking for a scientific reasoning for cause and effect.

* We are looking for reliable evidence in the data to establish
causality. If there is indeed evidence to suggest causality, we may
want to look for a scientific explanation.

« Example: John Snow’s data analysis only established that the sewage in
the water was causing the cholera. It did not tell exactly how. It took
separate science experiments to isolate bacterium Vibrio Cholerae as the
root cause.

Ragesh Jaiswal, CSE, IIT Delhi | AAIL100: Introduction to Data Science



Hypothesis Testing

* Goal: Answer yes/no questions about the world

« Examples:
* |s coffee good for you?
* Did water from the Broad Street pump cause cholera?
* Does coffee cause cancer?

» Key idea:
 Make a hypothesis (typically called the null hypothesis)

* The hypothesis imposes a model on the data

« Model: A set of assumptions about the data, including the random process that
generates it.

» Check if the data does not fit the model. If not, then reject the
hypothesis, otherwise accept.

» Decide on a test statistic and check how likely is the observed (or more extreme)
value under the hypothesis.
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data
« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

» Case study: Jury selection
* USA Supreme Court case of Robert Swain, a Black man convicted in Talladega
County, Alabama, in 1962.
* Robert Swain appealed his indictment on the grounds that Black people were
systematically excluded from juries in Talladega County.

* Amendment VI of the United States Constitution: “In all criminal prosecutions, the
accused shall enjoy the right to a speedy and public trial, by an impartial jury of the State
and district wherein the crime shall have been committed.”
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data
« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

» Case study: Jury selection

* USA Supreme Court case of Robert Swain, a Black man convicted in Talladega
County, Alabama, in 1962.

* Robert Swain appealed his indictment on the grounds that Black people were
systematically excluded from juries in Talladega County.

* Amendment VI of the United States Constitution: “In all criminal prosecutions, the

accused shall enjoy the right to a speedy and public trial, by an impartial jury of the State
and district wherein the crime shall have been committed.”

 Data:

* At the time of the trial, only men aged 21 or more were eligible to serve on juries in Talladega
County.

* In that population, 26% of the men were Black.
* Only eight men among the panel of 100 men (that is, 8%) were Black.
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data
« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

« Case study: Jury selection  Null hypothesis:

* USA Supreme Court case of Robert Swain, a . The | o tial. | th |
Black man convicted in Talladega County, € Jury Is impartiai, I.€., the pane

Alabama, in 1962. was selected by randomly from
* Robert Swain appealed his indictment on the the population.
grounds that Black people were systematically o
excluded from juries in Talladega County. e Test statistic: Number of black
 Amendment VI of the United States Constitution: -
“In all criminal prosecutions, the accused shall enjoy men in the panel'

the right to a speedy and public trial, by an .
impartial jury of the State and district wherein the ° We wa nt th e p o ba bl | Ity that a

ime shall have b itted.”
crime shall have been committe randomly selected pane| of 100

* Data:

* Atthe ’iime of the trial, only men aged 21 or more Jurors from the pOpUIatK)n haS
were eligible to serve on juries in Talladega County.
* In that population, 26% of the men were Black. IeSS than 8 bIaCk men.

* Only eight men among the panel of 100 men (that is,
8%) were Black.
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data
« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

« Case study: Jury selection * Null hypothesis:

e USA Supreme Court case of Robert Swain, a * The jury is impartial, i.e., the panel
Black man convicted in Talladega County, was selected by randomly from the
Alabama, in 1962. population.

* Robert Swain appealed his indictment on the e
grounds that Black people were systematically - Test statistic: Number of black men
excluded from juries in Talladega County. in the panel_

e Amendment VI of the United States Constitution:

“In all criminal prosecutions, the accused shall enjoy  We want the prObablhty that a

the right to a speedy and public trial, by an
impartial jury of the State and district wherein the _randomly SeleCted pan_e | Of 1 OO
crime shall have been committed.” Jjurors from the popu lation has < 8
* Data: black men.
* At the time of the trial, only men aged 21 or more . .
were eligible to serve on juries in Talladega County. ¢ V\_/e Can_ Obta'” an eSt"T]a.te by
+ In that population, 26% of the men were Black simulating the test statistic under the
* Only eight men among the panel of 100 men (that is, null hypotheS|S.

8%) were Black.
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data
« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.
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« Case study: Jury selection

* USA Supreme Court case of Robert Swain, a
Black man convicted in Talladega County, 8
Alabama, in 1962.

* Robert Swain appealed his indictment on the
grounds that Black people were systematically
excluded from juries in Talladega County.

* Amendment VI of the United States Constitution:
“In all criminal prosecutions, the accused shall enjoy
the right to a speedy and public trial, by an
impartial jury of the State and district wherein the
crime shall have been committed.”

* Data:

* At the time of the trial, only men aged 21 or more
were eligible to serve onjuries in Talladega County.

* In that population, 26% of the men were Black.

* Only eight men among the panel of 100 men (that is,
8%) were Black.
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data
« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

« Case study: Jury selection
* USA Supreme Court case of Robert Swain, a 8
Black man convicted in Talladega County, -
Alabama, in 1962. S 6
* Robert Swain appealed his indictment on the EJ_
grounds that Black people were systematically o
excluded from juries in Talladega County. g
* Amendment VI of the United States Constitution: T
70 . . . o 2
In all criminal prosecutions, the accused shall enjoy
the right to a speedy and public trial, by an I II
impartial jury of the State and district wherein the 0 . _all h.__
crime shall have been committed.” 10 20 30 40
e Data: Count in a Random Sample
* At the time of the trial, only men aged 21 or more
were eligible to serve onjuries in Talladega County. . o .
« In that population, 26% of the men were Black. Conclusion: There’s quantitative evidence
* Only eight men among the panel of 100 men (that is, of unfairness.
8%) were Black.
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data
« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

» Case study: Jury selection (Multiple categories)

e Section 197 of California’s Code of Civil Procedure says, “All persons selected for jury
service shall be selected at random, from a source or sources inclusive of a
representative cross section of the population of the area served by the court.”

* In 2010, the American Civil Liberties Union (ACLU) of Northern California presented a
report on jury selection in Alameda County, California.

* Claim: Certain racial and ethnic groups are underrepresented among jury panelists in
Alameda County.

e Data: Demographic data for all the 1453 people who reported for jury duty (from the

composition of the jury panels in 11 felony trials in Alameda County in the years 2009
and 2010).
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data
« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

» Case study: Jury selection (Multiple

Categories) Ethnicity Eligible Panels
» Section 197 of California’s Code of Civil Procedure Asian/P| 015 0.26
says, “All persons selected for jury service shall be sian/ ' '
selected at random, from a source or sources
inclusive of a representative cross section of the Black/AA 0.18 0.08
population of the area served by the court.”
* In 2010, the American Civil Liberties Union (ACLU) Caucasian 0.54 0.54

of Northern California presented a report on jury
selection in Alameda County, California.

* Claim: Certain racial and ethnic groups are
underrepresented among jury panelists in
Alameda County. Other 0.01 0.04

* Data: Demographic data for all the 1453 people
who reported for jury duty (from the composition

of the jury panels in 11 felony trials in Alameda . .
County in the years 2009 and 2010). Visualization helps to understand data.

Hispanic 0.12 0.08
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data
« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

» Case study: Jury selection (Multiple Ethnicity Eligible Panels

categories) AsianfPl 015 026

» Section 197 of California’s Code of Civil Procedure T

says, “All persons selected for jury service shall be

selected at random, from a source or sources Caucasian 054  0.54

inclusive of a representative cross section of the dispanic 012 0,08
population of the area served by the court.” ‘ ‘

* In 2010, the American Civil Liberties Union (ACLU) Other 001 0.04

of Northern California presented a report on jury
selection in Alameda County, California.

 Claim: Certain racial and ethnic groups are
underrepresented among jury panelists in Black/AA

[
I
Alameda County.
caucasian
I
I

Bl Eligible

Asian/PI
Panels

* Data: Demographic data for all the 1453 people
who reported for jury duty (from the composition
of the jury panels in 11 felony trials in Alameda Hispanic
County in the years 2009 and 2010).

Ethnicity

Other

0.0 0.1 0.2 0.3 0.4 0.5
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data
« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

» Case study: Jury selection (Multiple . ‘.
oy Jury (Multip Null hypothesis: Jury were
 Section 197 of California’s Code of Civil Procedure selected at random

says, “All persons selected for jury service shall be

selected at random, from a source or sources ictie- ' i
inclusive of a representative cross section of the » Test statistic: SOme q uantitative
population of the area served by the court.” measure Of d|ffe rence between
* In 2010, the American Civil Liberties Union (ACLU) : . . _
of Northern California presented a report on jury two distributions:
selection in Alameda County, California. T : _
e Claim: Certain racial and ethnic groups are - Total variation distance:

underrepresented among jury panelists in

1
Alameda County. — . Z |P(x) — Q(x)]
* Data: Demographic data for all the 1453 people 2
who reported for jury duty (from the composition X
of the jury panels in 11 felony trials in Alameda

County in the years 2009 and 2010).

Ragesh Jaiswal, CSE, IIT Delhi | AAIL100: Introduction to Data Science



Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data
« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

» Case study: Jury selection (Multiple . ‘.
oy Jury (Multip Null hypothesis: Jury were
* Section 197 of California’s Code of Civil Procedure selected at random

says, “All persons selected for jury service shall be

selected at random, from a source or sources ° Test Statistic: Some quantitative

inclusive of a representative cross section of the

population of the area served by the court.” measure of difference between
* In 2010, the American Civil Liberties Union (ACLU)

of Northern California presented a report on jury two distributions:
selection in Alameda County, California.

* Claim: Certain racial and ethnic groups are - Total variation distance:
underrepresented among jury panelists in

1
Alameda County. - Z |P(x) — Q(x)]
e Data: Demographic data for all the 1453 people 2
who reported for jury duty (from the composition x

of the jury panels in 11 felony trials in Alameda .
C]cc)unt)j/ in the years 200]; anc)i/2010). * What is the observed value?
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data

« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

» Case study: Jury selection (Multiple
categories)

e Section 197 of California’s Code of Civil Procedure
says, “All persons selected for jury service shall be
selected at random, from a source or sources
inclusive of a representative cross section of the
population of the area served by the court.”

* In 2010, the American Civil Liberties Union (ACLU)
of Northern California presented a report on jury
selection in Alameda County, California.

e Claim: Certain racial and ethnic groups are
underrepresented among jury panelists in
Alameda County.

e Data: Demographic data for all the 1453 people
who reported for jury duty (from the composition
of the jury panels in 11 felony trials in Alameda
County in the years 2009 and 2010).

* Null hypothesis: Jury were selected
at random

» Test statistic: Some quantitative
measure of difference between two
distributions:

» Total variation distance (TVD):

1
= 1PG) = Q)|

e What is the observed value? 0.14

* What is the probability that a jury panel
selected at random has TVD 0.14 or
worse?
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data

« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

» Case study: Jury selection (Multiple
categories)

e Section 197 of California’s Code of Civil Procedure
says, “All persons selected for jury service shall be
selected at random, from a source or sources
inclusive of a representative cross section of the
population of the area served by the court.”

* In 2010, the American Civil Liberties Union (ACLU)
of Northern California presented a report on jury
selection in Alameda County, California.

e Claim: Certain racial and ethnic groups are
underrepresented among jury panelists in
Alameda County.

e Data: Demographic data for all the 1453 people
who reported for jury duty (from the composition
of the jury panels in 11 felony trials in Alameda
County in the years 2009 and 2010).

* Null hypothesis: Jury were selected at
random

» Test statistic: Some quantitative
measure of difference between two
distributions:

» Total variation distance (TVD):

1
S+ ) 1PG) = Q)

e What is the observed value? 0.14

 What is the probability that a jury panel
selected at random has TVD 0.14 or worse”?
* Simulation allows us to estimate this probability.

Very low probability is grounds for rejection of
null hypothesis.
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Hypothesis Testing

« Make a hypothesis
* The hypothesis imposes a model on the data
« Check if the data does not fit the model. If not, then reject the hypothesis, otherwise accepit.

Prediction Assuming Random Selection ) Pla%”dg%/np()the&s; Jury were selected at
000

» Test statistic: Some quantitative
., 4000 measure of difference between two
= distributions:
= 3000 « Total variation distance (TVD):
Q 1
2 2000 = Y 1P@) = Q)|
8 X
S 1000 * What is the observed value? 0.14
. '  What is the probability that a jury panel
0 . ¢ selected at random has TVD 0.14 or worse?
000 002 004 006 008 010 012 014 * Simulation allows us to estimate this probability.
VD Very low probability is grounds for rejection of

null hypothesis.

Ragesh Jaiswal, CSE, IIT Delhi | AAIL100: Introduction to Data Science



End
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