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Exercise G.1 Probability and the law

In a celebrated criminal case in California (People versus Collins, 1968), a black
male and a white female were found guilty of robbery, partly on the basis of a
probability argument. Eyewitnesses testified that the robbery had been com-
mitted by a couple consisting of a black man with a beard and a moustache,
and a white woman with blond hair in a ponytail. They were seen driving a
car which was partly yellow. A couple, who matched these descriptions, were
later arrested. In court they denied the offence and could not otherwise be
positively identified.

A mathematics lecturer gave evidence that the six main characteristics had
probabilities as follows:

&

negro man with beard 1/10
man with moustache 1/4
girl with ponytail 1/10
girl with blond hair 1/3
partly yellow car 1/10
inter-racial couple in car 1/1000

The witness then testified that the product rule of probability theory could be

used to multiply these probabilities together to give a probability of 1/12 000 000

that a couple chosen at random would have all these characteristics. The

prosecutor asked the jury to infer that there was only one chance in 12 million

of the defendants’ innocence, and the couple were subsequently convicted.
Comment on the above probability argument.



"" )7.3 E'] Z,
R — ﬂ% LL ﬁ’&

# 3 N T_

- E

B~
fraps o 1t
.:L % L
SN R
:
ﬂ % o
L



Exercise G.2 Hospital admissions — communication skills

This exercise requires you to reply to the following letter seeking advice:

Dear Statistician,

The data in Table G.1 show the numbers of new patients arriving at a
psychiatric hospital during a recent one-year period. We are interested in
finding out if there are any systematic variations in arrival rate, especially
any that might be relevant in planning future operations, as we are currently
reconsidering the running of this unit. We are particularly interested in any
evidence of cyclic behaviour. Please analyse the data for us..

Yours sincerely,

The Assistant Planning Officer
Area X Regional Health Authority

The letter which you write in reply should not exceed three sides of paper, and
should be written for a numerate layman rather than a statistician. It should
be accompanied by tables and graphs as appropriate, covering not more than
four sides.
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Table G.1 Numbers of daily admissions to a psychiatric hospital in a one

starting on Sunday 1 January. The lines indicate the end of a week and totals

are also given
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Exercise G.3 Testing random numbers
In a national lottery,.125 ticket numbers were drawn by computer in one prize

draw. The final six digits of each number were suppos¢d to be random. These
values are tabulated in Table G.3. Are the numbers random?

Table G.3 The final six digits of the 125 winning prize

numbers in a national lottery

535850 842420 655257 469227 885878
603715 863855 754258 883261 571046
075779 048633 111337 346576 051352
724004 089507 552867 476843 025348
355865 001250 095391 934011 094093
771594 616635 992135 473416 021096
726862 768318 218966 928474 538201
593721 318619 908649 198296 122079
081625 046970 477814 516512 738317
461645 489085 619015 627585 222443
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Exercise G.4 Sentencing policy — two-way tables?

A study was carried out on consecutive groups of men and women who were
convicted of theft and shoplifting in an English city. A total of 100 females and
100 males were examined and their sentences were classified as lenient or severe
according to the average sentence given for the person’s particular crime. The

results were as follows:

Lenient sentence Severe sentence Total

Male 40 60 100
Female 60 40 100

Are females treated more leniently than males? If they are, speculate as to why
this should be so.



Simpson’s Paradox in University

admission

UC Berkeley admitted 44% of males and 35%
of females who applied in 1973. Data from
the six largest departments.

Department | Male acceptance rate Female acceptance rate
A 62% 32%
B 63% 65%
C 37% 349,
D 339% 359%
E 28% 2494
F 6% 7%
Male Female
Applicants %o Applicants %%
A 325 62% 103 32%
B 560 639% 25b 63%
_ 32h 37% O3 349
D 417 339% 375 3659%
E 191 28% 393 249,
F 373 6%% 341 7%




= Simpson Paradoxsn= F] @ F] 5 & (4@ g%_/;g o

g P 53 K P o

->Marginal vs. Unconditional probability

Women Men
Dept Applied | Accepted | Applied | Accepted
A 99 4 1 0
B 1 1 99 10
total 100 5 100 10
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—> A patient takes a lab test and the result comes
back positive. The test returns a correct positive
result in 99% of the cases in which the disease Is
actually present, and a correct negative result in
98% of the cases Iin which the disease Is not present.

Furthermore, .001 of all people have this cancer.
P(cancer) = .001 P(~ cancer) = .999
P(+ | cancer) = .99 P(— | cancer) = .01
P(+ | ~cancer) = .02 P(— | ~cancer) = .98

P(+ | cancer) P(cancer)

P(H) =.047

<\*§ / P(cancer | +) =



B m
OBEXERFF-FH L
T 999,000 4 B » 1,000 4 i b Bk
DA NBEF Y M
(1) i % ¢ 5 999,000x 2% =19,980
(2 K k%7 F  1,000x99% =990
Flot o B R g P e BB e B

990 990

— ~4.{2%
19,980+990 20,970

P(cancer | +) =



Suppose a second test for the same
patient returns a positive result as well.
What are the posterior probabilities for
cancer?

P(cancer) = .001 P(~cancer) = 099
P(+|cancer) = .99 P(— | cancer)= .01

P(+ | ~cancer) = .02 P(- | ~cancer) = -98

P(+, +, | cancer) P(cancer)
P(+; +2)

=.710

P(cancer | +,+,) =
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-] FRA EFR
($3000-5000) ($6000-9000)
1993 65% 35%
1994 50% 50%
1995 R 30-40% . 60-70 .%
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EY 1993 1994 1995
%8 A | 31.8% | 247 21.66
& 8% 23.0 37.9 40.09
BiBiE 19.2 25.8 27.19
£ 4 25.8 11.6 11.06
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i‘ o TR 1903 1994 1995
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& | m 3382 | 9% | 910
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- B B R e
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Birthdays

Suppose you have n pecople. How likely is it
that two people have the same birthday?

The probability of n different birthdays is:
1 2 —1
(1 555) (1 365) (0 Taes )
365 365 365

When n = 23, this dips below 1/2.
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T he Car and Goat Game

You're on a game show and vou’'re faced with
three doors. Behind one of them is a car.
You're asked to pick a door, and you choose
door 1. Before the host opens it, she first
opens door 2, and you see that there’s noth-
ing behind it. She then asks you if you are
sure about door 1, or if yvou want to switch
VOUr guess.

Suppose yvou pick door 1 and that the host
opens door 2. T he probability that the car
is behind 1 is 1/3, so you’'re probably wrong,
but after the host opened door 2, yvou Know
that if the car isn't behind 1 (and it proba-
bly isn't), then it must be behind 3, so you
should switchl!
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Monty Hall Game ABOUT  STATS

Ads help support App development!

Won 17. Lost 14 https://www.google.com/url?sa=i&url=https%3A%2F%2Fapkpure.com%2Fmonty-hall-
Hard |UCk, baaa! game%2Fcom.alancowap.apps.montyhallgame&psig=AOvVaw2uen2aPOXq0wFi5y4HIIbC&ust=1599283
Tap Monty to start a New Game 161050000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJiVn_7gzusCFQAAAAAJAAAAABAI




L x B 42 (Monty Hall problem )
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Frobability Plot of Age
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Frobability Flot of Salary
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The Ladder of Inference

| take
actions

| adopt

beliefs
about the world

Your beliefs are
the basis for actions.

| draw
conclusions

| make
assumptions

| add meanings
(cultural and
personal)

I select “data”
from what | observe

Observable “data”
and experiences

The reflexive loop

(Our beliefs affect
what data we select
next time)




AT 100 2 F 475 8% Eyde N(uo’) HH e i R(EHEF) ¢

12.8 42.7 51.2 62.5 73.9
14.8 42.8 51.7 62.7 74.2
21.5 43.5 51.9 62.9 74.8
222 442 524 63.1 75.2
23.8 442 53.0 63.8 75.5
30.0 45.1 53.3 63.9 75.8
30.5 45.1 53.6 63.9 76.1
322 45.7 56.1 65.5 76.9
32.7 47.2 574 65.9 77.2
33.7 47.4 57.5 67.0 78.4
341 48.0 57.5 67.1 79.6
349 48.3 584 67.2 80.1
35.6 49.1 59.1 67.3 80.9
36.1 49.1 59.5 68.6 32.6
36.9 49.2 59.7 69.0 83.7
37.5 49 4 60.1 70.8 83.7
40.8 49.6 60.2 71.2 84.0
41.3 49.7 60.8 72.2 34.3
42.0 50.8 6l.4 73.2 34.7
42.5 50.9 61.8 73.8 85.7
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Boxplot of Data
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B or & 5 (Data Quality)
-> Garbage In, garbage out!

USE THE THEN
CRSDATA=  THAT USE THE  pit CAN YOU
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DATA 19 DATA- ALSO THEM?  MULTIPLY
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. DIAGRAM o e CAUSES or MORTALITY
_ APRIL 1855 T0 MARCH 1856. IN THE ARMY IN THE EAST

1
APRIL 1854 roMARCH 1855.
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Nightingale’s Rose Diagram
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The Areas of the bHue, red, & black wedges are eack measured. from

the cenire as the common vertea: :

The blue wedges measured from the cenire of the airele rqresent areas
for area the deaihs from Freveniible ov Mitigable Zymotie diseases, the
red wedges measwred from the cenire the deaths from wounds; &the

black wedges measured from the cenire the deaths from all other causes

The back tine wersss the ved iriangle in Nov! 1554 marks the boundary
of the deaihs Tromv all other causes during the monih

I Ockober 1854, & April 1855 the black area covncides inth the red,

inJanuary & February 1858 the blue coincides with the black.

The entire areas may be compared by following the blue, the ved & the
éZMZa lines enclosirg them .
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Florence Nightingale, Mortality and | Health Dlagrams
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Total deaths registered per week
England and Wales
ONS Data

'- - deaths 2015
20,000 +——
| 2016

'15,060-7 | _l | >017
| R\ | 2018

2019
2020
L —2021

. —2022

| -e=2023

/Y ., | 2015 & 2020 have
T Week17, week 53 (ending Jan 1)
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https://www.totalhealth.co.uk/blog/why-do-florence-nightingale-diagrams-still-show-excess-deaths



