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Announcements

Final Project Pitches and Feedback

Data Deliverable—mnot a ceremonial checkin, please
start soon!

Grades, regrades—read policy on Piazza

Map Reduce out later today—follow announcements
about the cluster

Map Reduce lab released today, no sections until next
week. One optional lab.
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 What is a hypothesis?
* Some definitions/notation

* Intuition behind modeling/hypothesis testing
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Not to be dramatic, but...
THIS IS PROBABLY THE MOSE IMPORTANT
LECTURE IN THE WHOLE COURSEN!!!!

 What is a hypothesis?
* Some definitions/notation

* Intuition behind modeling/hypothesis testing
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* #1 most important thing: falsifiable
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* Disputed (at least a little bit). |.e. it should be tied
to a question people are actually asking



What is a hypothesis”

* #1 most important thing: falsifiable
* But also, should be:

* Disputed (at least a little bit). |.e. it should be tied
to a question people are actually asking

e Specific. Avoid subjective terms like “better than”



What is a hypothesis”

Make
Observations

What do | see in nature?
This can be from one's
own experiences, thoughts,
or reading.

Think of
Interesting
Questions

Why does that
pattern occur?

Develop '

General Theories

General theories must be
consistent with most or all
available data and with other
current theories.

Refine, Alter,
Expand, or Reject

Hypotheses

Gather Data to
Test Predictions

Relevant data can come from the
literature, new observations, or
formal experiments. Thorough
testing requires replication to
verify results

Formulate
Hypotheses

What are the general
causes of the
phenomenon | am
wondering about?

Develop
Testable
Predictions

If my hypotesis is correct,
then | expecta, b, c,...



What Is a hypothesis’?

Make
Observations

What do | see in nature?
This can be from one's

~ - own experiences, thoughts, - )
Deve|0p or reading. Thlnk Of
General Theori — Interesting

General theories must be

consistent with most or all
available data and with other
current theories.

Questions

\ 'hy does that /

pattern occur?

/Formu late
Hypotheses

What are the general

causes of the
phenomenon | am
— wondering about?

Develop
Testable
Predictions

If my hypotesis is correct,
then | expect a, b, c,

/Refme, Alter,

'Expand, or Reject |
Hypotheses

Gather Data to
Test Predictions

Relevant data can come from the
literature, new observations, or

formal experiments. Thorough
testing requires replication to
verify results

“explore”, amatvze “Erends”, “look for
patterns”“visualize”



What Is a hypcthesis’?

What do | see in nature? ,-
This can be from one's 4

‘.

- own experiences, thoughts, ~ .
Develop or reading. Th"‘]k Of \
General Theories — Interesting
General theories must be Questions 3

consistent with most or all
available data and with other
current theories.

Why does that
pattern occur? 3

@fi ne, Alter, § }

'Expand, or Rejecy |
Hypotheses

Gather Data to
Test Predictions

Relevant data can come from the
literature, new observations, or
formal experiments. Thorough
testing requires replication to
verify results

Formula f
potheses '

What are the general
causes of the
phenomenon | am
wondenng about?

Develop
Testable

Predictions |
If my hypotesis is correct,
then | expecta, b, c,...
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Clicker Question!
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Clicker Question!

‘Look for differences in political affiliations between
universities”

Is this a valid hypothesis?

a) Yes
b) No
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Clicker Question!

‘Look for differences in political affiliations between
universities”

Is this a valid hypothesis?

a) Yes
b) No
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Clicker Question!

universities” e e s

“There are differences in political affiliations between
universities”

Is this a valid hypothesis?

a) Yes
b) No
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Clicker Question!

‘74:‘ b : - 7"' Lo o B -4 _ S . ) L] ] ]
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ical.affiliations between
universities” B = P

“There are differences in political affiliations between
universities”

Is this a valid hypothesis?
a) Yes
b}~ No
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Clicker Question!

yes, testable.

no, probably not really
. » LA qu@.sﬁom.
ere are differer (though could be)

Is this a valid hypothesis?
a) Yes
b}~ No

16



Clicker Question!

unlver5|t|es

, I|at|ons between

T Teramemaifieranaas i [ o||t|ea| aff|||at|ons between

UNIVEISIIOST  emrrmmamasmramn

“Coastal universities are more liberal than universities in the
heartland”

s this a valid hvpo’rbesis? z)) ms
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“Coastal universities are more liberal than universities in the
heartland’

need to define these
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, I|at|ons between
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Clicker Question!

universities” i L=,

- scary bruth #1: no single |
right way to do this -

“Coastal universities are more liberal than universities in the
heartland’

and this: cfomﬁj affiliation? voting
record?! general opinions?



Clicker Question!

“LOOK ToT aMETemees-mpelitical aff lations between

scary Erublh #2: you are
~ blased, Yyou, have to work
hard to notb Let fjaursai.f Just -

“find what you want to find”

“Coastalrtuniversries are more nperarthan universries in the
heartland”

and this: cfomﬁj affiliation? voting
record?! general opinions?



Clicker Question!

“LOOK ToT aMETemees-mpelitical aff lations between

scary truth #2: you are
~ blased, Yyou, have to work
hard to notb Let fjaursai.f Just -
“find whak you want to find”

“CoastaltnIVETSIIIES gy & & 5 e o o e *he
to be continued...

and this: Im (in a few lectures) 9
recora? gJeneraL OPUALONST
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¢« Some definitions/notation

* Intuition behind modeling/hypothesis testing

24



Statistics vs. Prob. Theory



Statistics vs. Prob. Theory

* Probabillity theory: mathematical theory that describes
uncertainty.

20



Statistics vs. Prob. Theory

* Probabillity theory: mathematical theory that describes
uncertainty.

* Distributions/parameters are known
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Statistics vs. Prob. Theory

* Probabillity theory: mathematical theory that describes
uncertainty.

* Distributions/parameters are known

e Statistics: techniques for extracting useful information
from data.
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Statistics vs. Prob. Theory

* Probabillity theory: mathematical theory that describes
uncertainty.

* Distributions/parameters are known

e Statistics: techniques for extracting useful information
from data.

e Distributions/parameters are generally unknown and
need to be estimated from the data

29



I'ne bigger picture

e Start with real world phenomenon/observations
* Make assumptions about the underlying model

* Fit the parameters of the model based on data
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I'ne bigger picture

e Start with real world phenomenon/observations



I'he bigger picture

You miwavs* nalee assump%wms about
the structure of the process that is
generating the data

* Make assumptions about the underlying model

"All models are bad, but some are useful”

32



I'he bigger picture

Groal s aiwajs to ”expiaim Fhe daka”

* it the parameters of the model based on data

Two bypical (different) use cases:
1) understand the underlying model better
2) malkee predictions

33



Probability Space
(O, F, P)



Probability Space
(O, F, P)

/

the set of all
possible

outcomes of

the random
Drocess
modeled



Probability Space

(O, F, P)
|

A family of sets F representing
the allowable events, where
each set in F Is a subset of the
sample space ()

F={F; CQ},

36



Probability Space

(O, F, P)
|

A family of sets F representing
the allowable events, where
each set in F Is a subset of the
sample space ()

F={F; C QY
F = 2"



Probability Space

(O, F, P)
\

Probability function which
assigns a real number to each
eventin F

P:F — R



Probability Space

Valid Probability Function:

0<PE)S1IVEEF F; P>

P(Q) =1 \

‘obability function which
P(| JE) =) P(E) gns a real number to each
i i event in F

P:F — R

39



Over-used Example

Tossing a fair coin once

(Q, F, P)



Over-used Example

Tossing a fair coin once

(Q, F, P)
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Over-used Example

Tossing a fair coin once
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Over-used Example

Tossing a fair coin once

S, P)




05 Sed Example

-> 777 Ng axair coin once

S, P)




b ->0

H)->05 Sed Example
T}->0.5

H, T} -> 7?7 ng aYair coin once

(Q, F, P)
/ Valid Probability Function:
0<P(E)<1VEE€EF

{H, T} F =

P(Q) =1

{}! {H}! {T P(UEz):ZP(Ez)



y
1" Valid Probability Function:

0< P(E)<1VEEF

{H, T} F =

P(Q) =1

{}! {H}, {T P(UEz):ZP(Ez)
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Random Variables

* Random variable X assigns a number to each
outcome: X : 2 - R
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Random Variables

* Random variable X assigns a number to each
outcome: X : 2 - R

* Use X = ¢ to mean the event {w| X (w) = a}
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Random Variables

* Random variable X assigns a number to each
outcome: X : 2 - R

* Use X = ¢ to mean the event {w| X (w) = a}

* Probability mass function (pmf) gives probability that
X takes the value a: p(a) = Pr(X = a)
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Random Variables

Random variable X assigns a number to each
outcome: X : 2 - R

Use X = ¢ to mean the event {w|X (w) = a}

Probability mass function (pmf) gives probability that
X takes the value a: p(a) = Pr(X = a)

Cumulative distribution function (cdf) gives probability
that X takes any value up to a: F'(a) = Pr(X < a)
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Random Variables

X = sum of two dice

0
23 45 6 7 8 9 101112 1 2 3 45 6 7 8 9 101112
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Clicker Question!
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(a)

0

Clicker Question!

X Is a random variable with the below cdf.

X 1 2 3 4
cdf
= 0.5 0.75 0.9 1
What is P(X<3)?

() 01% (e 09 (d)



(a)

0

Clicker Question!

X Is a random variable with the below cdf.

X 1 2 3 4
cdf
= 0.5 0.75 0.9 1
What is P(X<3)?

(b) 01% ((e)) 0.9 (d)



(a)

0

Clicker Question!

X Is a random variable with the below cdf.

X 1 2 3 4
cdf
= 0.5 0.75 0.9 1
What is P(X=3)7

() 01% (e 09 (d)



(a)

0

Clicker Question!

X Is a random variable with the below cdf.

X 1 2 3 4
cdf
= 0.5 0.75 0.9 1
What is P(X=3)7

(b) ) 015 () 09 (d)
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-xpected Value
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-xpected Value
F(X) = Z x; Pr(x;)

X : 2 3 4

odf |05 025 015 0.1




-xpected Value
F(X) = Z x; Pr(x;)

X 1 2 3 4

pdf 0.5 0.25 0.15 0.1

0.5



-xpected Value
F(X) = Z x; Pr(x;)

X : 2 3 4

pdf 0.5 0.25 0.15 0.1

0.5+ 0.5



-xpected Value
F(X) = Z x; Pr(x;)

X : 2 3 4

odf |05 025 015 0.1

05+05+0.45

63



-xpected Value
F(X) = Z x; Pr(x;)

X 1 2 3 4

odf |05 025 015 @ 0.1

05+405+045+04



-xpected Value
F(X) = Z x; Pr(x;)

X : 2 3 4

odf |05 025 015 0.1

05+05+4+045 +0.4 =1.85

65



Variance
Var(X) = BE((X — BE(X))?)



Variance

Var(X) = E((X — E(X))?)
E(X) = 1.85

X 1 2 3 4

odf |05 025 015 0.1




Variance

Var(X) = E((X — E(X))?)
E(X) = 1.85

X 1 2 3 4

odf |05 025 015 0.1

X-E(X) |-085 0.15 115 2.15
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Variance

Var(X) = E((X — E(X))?)
F(X) = 1.85

X 1 2 3 4

odf |05 025 015 0.1

X-E(X) |-085 0.15 115 2.15

(X - E(X))?|0.722 0.023 1.32 4.62
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Variance

Var(X) = E((X — E(X))?)
F(X) = 1.85

X 1 2 3 4

pdf 0.5 0.25 0.15 0.1

X-E(X) |-085 0.15 115 2.15

(X - E(X))?|0.722 0.023 1.32 4.62

0.361
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Variance

Var(X) = E((X — E(X))?)
F(X) = 1.85

X 1 2 3 4

pdf 0.5 0.25 0.15 0.1

X-E(X) |-085 0.15 115 2.15

(X - E(X))?|0.722 0.023 1.32 4.62

0.361 + .006
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Variance

Var(X) = E((X — E(X))?)
F(X) = 1.85

X 1 2 3 4

pdf 0.5 0.25 0.15 0.1

X-E(X) |-085 0.15 115 2.15

(X - E(X))?|0.722 0.023  1.32 4.62

0.361 + .006 + 0.198
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Variance

Var(X) = E((X — E(X))?)
F(X) = 1.85

X : 2 3 4

odf |05 025 015 0.1

X-E(X) |-085 0.15 115 2.15

(X - E(X))?|0.722 0.023 1.32 4.62

0.361 + .006 + 0.198 + 0.462
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Variance

Var(X) = E((X — E(X))?)
F(X) = 1.85

X : 2 3 4

odf |05 025 015 0.1

X-E(X) [-085 015 115 215

(X - E(X))?|0.722 0.023 1.32 4.62

0.361 + .006 + 0.198 + 0.462 = 1.027

74



INnterpreting Expectation

Would you accept a gamble that offers a
10% chance to win $95 and a 90%
chance of losing $57

79



INnterpreting Expectation

Would you accept a gamble that offers a
10% chance to win $95 and a 90%
chance of losing $57

E(Payoff) = (95 x 0.10) - (5 x 0.9)
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INnterpreting Expectation

Would you accept a gamble that offers a
10% chance to win $95 and a 90%
chance of losing $57

E(Payoff) = (95 x 0.10) - (5 x 0.9)

E(Payoff) = (9.5) - (4.5)
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INnterpreting Expectation

Would you accept a gamble that offers a
10% chance to win $95 and a 90%
chance of losing $57

E(Payoff) = (95 x 0.10) - (5 x 0.9)
E(Payoff) = (9.5) - (4.5)

E(Payoff) = 5

/8



Clicker Question!
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Clicker Question!

How much would you pay for a lottery ticket
that offers a 10% percent chance of winning
$100 and a 90% chance of winning nothing?

(a) 50

(b) no more than 42
(¢) no wmore than 49
(d) no wmore than 410
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Clicker Question!

How much would you pay for a lottery ticket
that offers a 10% percent chance of winning
$100 and a 90% chance of winning nothing?

(a) 50

(b) no more than 42
[s). no more than 49
(d) no more than 410

81



Clicker Question!

How much would you pay for a lottery tic

(a) 50

(b) no more than 42
[s). no more than 49
(d) no more than 410

0="0.1(100 - cost) - 0.9(cost)
0 =10 - cost
cosi = 10

Ket

that offers a 10% percent chance of winni
$100 and a 90% chance of winning nothing?

ng
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* Intuition behind modeling/hypothesis testing

83



Gawming Clicker Questions!

Are the answers to my clicker questions random?
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

Q.

O O QO

b d
d c
b d

QW
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

Q.

O O QO

b d
d o Probability of this”
b d

QW

37



Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

c d

Q)

d
d c Probability of this”
d

C

88



I'ne bigger picture

(Yes, I will belabor this PQEME.. ka do you ask?)

e Start with real world phenomenon/observations
* Make assumptions about the underlying model

* Fit the parameters of the model based on data
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I'ne bigger picture

Start with real world phenomenon/observations
Make assumptions about the underlying model
Fit the parameters of the model based on data

 Chose parameters of the model based on theories,
do analysis to see if its a good fit (hypothesis

testing!!) AND/OR

e Set parameters of the model based on data, try to
make forecast for unseen/future data (prediction!!)

90



I'ne bigger picture

o Start with real world phenomenon/observations
 Make assumptions about the underlying model
NG . Frt the parameters of the model based on data

. Chose parameters of the model based on theories,
do analysis to see if its a good fit (hypothesis

testing!!) AND/OR

e Set parameters of the model based on data, try to
make forecast for unseen/future data (prediction!!)
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I'ne bigger picture

o Start with real world phenomenon/observations
 Make assumptions about the underlying model
NG . Frt the parameters of the model based on data

. Chose parameters of the model based on theories,
do analysis to see if its a good fit (hypothesis

testing!!) AND/OR

e Set parameters of the model based on data, try to
make forecast for unseen/futuredata (prediction!!)
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

c d

Q)

d
d c Probability of this”
d

C

93



Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

c d <QaF7P>

Q)

d
d c
C d
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

c d d <Qa F7 P>
< d C {b,nLtb}
C d
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

c d d <Qa F7 P>
< d C {b, nLtb}
C d p(B) = 0.8

po(not B) = 0.2
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

c d d <97 r ) P >
< d C {b, not b}
C d ks p(B) = 0.8
ASS:X::OM o(not B) = 0.2

hvestigabtion o L
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

(. F, P)

C d d {b, not b} p(B) =0.8
a d c 02x02x0.8x0.2 x
0.8x02x02x0.2%x
C d 08x02x08x%x0.2 =

0.00000105

98



Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

(@, F, P)
C d d {b, not b} p(B) =0.8
SEOmNC 0.2x0.2x0.8%0.2 X
[diot! 0.8x0.2x0.2x0.2x
There is literally only like a 08x02x08x02 =
0.000105% chance you are 0. 00000105

right!
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

(@, F, P)
C d d {b, not b} p(B) =0.8
SEOmNC 0.2x0.2x0.8%0.2 X
[diot! 0.8x0.2x0.2x0.2x
There is literally only like a 08x02x08x02 =
0.000105% chance you are 0. 00000105

right! 33
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Clicker Question!
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Clicker Question!

“I swear Literally Like $0% of the answers are just (b)”

What is the probability of this event?

a a) 1.0

a h) 04
¢) 0.04
d 0.004
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Clicker Question!

“I swear Literally Like $0% of the answers are just (b)”

What is the probability of this event?

a a) 1.0

a h) 04
e) 0.04
d) 0.004
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Clicker Question!

“I swear Literally Like $0% of the answers are just (b)”

What is the probability of this event?

d 0.8x0.8x0.8x0.2x
a 0.8x0.2x0.8x0.8X
0.8x0.8x0.8x0.8 =

0.004
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”
0. F, P)

d {b, not b} p(B) =0.8
0.8x0.8x0.8x0.2x
= 0.8x0.2x0.8x0.8Xx
0.8x0.8x0.8x0.8 =

Cuh 0.004
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

c d

Q)

d
d c Probability of this”
d

C
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

c d d
- 4 Probabillity of

anything as
surprising as this
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Are the answers to my
clicker questions random®

"I swear literally like ¥0% of the answers are just (b)”
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Are the answers to my
clicker questions random®

"I swear literally like ¥0% of the answers are just (b)”

X = number of (b)s

How cain we define
the pdf for this?
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

X = number of (b)s

How can we define
the pdf for this?

te. how do we model
b not b P(# bs = k) for any
value of k?
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Are the answers to my
clicker questions random®

"I swear literally like ¥0% of the answers are just (b)”

b not b binomial diskribution!
("blased coin” distribution)
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Are the answers to my
clicker questions random®

"I swear literally like ¥0% of the answers are just (b)”
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Are the answers to my
clicker questions random®

"I swear literally like ¥0% of the answers are just (b)”

G 4 : |
p /
) b1
\

m‘:’:& ﬂfc)r all
b not b the Fosi&wms Ehe ¢
bs could oceur in
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Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”
Q. F, P)

{b, not b} p(B) =0.8




Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”
Q. F, P)

{b, not b} p(B) =0.8

cdf
R 593100
0.75 e S |
0.5 0.44 .
005 0.21.




Are the answers to my
clicker questions random®

“I swear Lliterally Like ¥0% of the answers are just (b)”

8 Is the 4 (b)s we observed
. significantly lower than what we
| would expect by chance, assuming
0 that in fact 80% of answers are (b)?
cdf
~| _______________________________________________________________________________________________________________________________ 6931 OO
£ T/t
0.5 0.44..
0.0 0.21,




Are the answers to my
clicker questions random®

"I swear literally like ¥0% of the answers are just (b)”

Is the 4 (b)s we observed
significantly lower than what we
would expect by chance, assuming
that in fact 80% of answers are (b)?

cdf

6E-0%
o 2E-075E-00. Bl

1 2 37T




Are the answers to my
clicker questions random®

“I swear Lliterally Like ¥0% of the answers are just (b)”

8 Is the 4 (b)s we observed
4 significantly lower than what we
| would expect by chance, assuming
0 that in fact 80% of answers are (b)?
o not b
cdf
P(#P)s € 10)=073 1.00
£ T AU f
o i aié il 0.44 4]
005 0.21. :
0.000.000.000.000.000.02 Fees
1 2 3 4 5 6,,.7 8 9 10 11 12



Are the answers to my
clicker questions random®

"I swear literally like ¥0% of the answers are just (b)”

Is the 4 (b)s we observed
significantly lower than what we
would expect by chance, assuming
that in fact 80% of answers are (b)?

cdf

6E-0%
o 2E-075E-00. Bl

1 2 37T




Are the answers to my
clicker questions random®

“I swear Literally Like $0% of the answers are just (b)”

8 Is the 4 (b)s we observed

4 significantly lower than what we
Azt | ! assuming

D)?

Dear friend, assuming this
claim of yours is true, there is a very
small chance of observing an event like
the one we have just observed. Thus, |
am inclined to reject your hypothesis.




Hypotnesis lesting

“I swear Literally Like $0% of the answers are just (b)”
d b d <Q7 F’ TP>

— 4 (b, not b} p(B) = 0.8




HypotheS|s Testlng

HvF?OH\QSLS .

I SMQO\T‘ LLEQT'QLL? Llilkke ¥oOU%U (‘)‘f the answers are JM.SE (b _. '
d b d F P>

— 4 {b, not b} p(B) 0.8




HypotheS|s lesting

Observa%cam/Sampte

éwear Literally, Lme ¥0% of the answers are just (b)”
d b d <Q7 I, TP>

4 {b, not b} p(B) =0.8




Hypothesis lesting

Test Stakistic

“I swear Literally Like $0% of the answers are just (b)”
Q. F, P)

{b, not b} p(B) =0.8




Hypothesis lesting

Theoretical Distribution
“I swear Literally like ¥0% of the answers are just (b)”

S 0.000.000.000.000.000.02 %27




Hypotnesis lesting

“I swear Literally Like $0% of the answers are just (b)”
d b d <Q7 F’ TP>

— 4 (b, not b} p(B) = 0.8




Clicker Question!
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Clicker Question!

Given all of this, is your friend wrong?

a) Yes!
b) No...

“I swear Literally like $0% of the answers are just (b)”

c d d <Qa Fa TP>
a d c — 4 {b,notb} p(B)=0.8
C d cdf
_ 0. 931 00
0. 73
0447
025 O 21”"'

1234561%889101112




Discussion Question!

“I swear Lé&erod.tj Luke.“'

c d b d
b adc —
b cbd

A

cdf

................................... - 0,3

. fnend wrong?

answers are just (b)”

(Q, F, P)
T

{b,not b} p(B) =
1.00



okle done now
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