
Data 100/Data 200, Spring 2021 @ UC Berkeley



● Simple data
○ One variable
○ One unit of observation
○ Few values

Lectures 2 - 3

● Complex data
○ Many variables
○ Many units of observation
○ Messy!

Lectures 4 - 10

(

I

\
gawd



statistical bias





Population: the set of all units of interest, size N.

Sample: a subset of the sampling frame, size n.

Sampling frame: the set of all possible units that can 
be drawn into the sample



Population
Sampling frame
Sample

Key Features
- -

ooo population⇒ sampling⇒ sample
frame

• Pros : . Lots of data
- No selection bias
- Easy inference

• Cons : - Expensive (time
,money)

- often impossible



Population
Sampling frame
Sample

Key Feature
- -

s

• Sampling frame contains
contains a lot not in population .

• Have access to entire frame .



Population
Sampling frame
Sample

key Feator
-

I

• Optimistic sense that

sample is representative
of population .



Population
Sampling frame
Sample

Key Feature
- -

• Sample may be drawn from

a skewed frame and

may not be representative
of population .



Roosevelt (D)

Landon (R)

Selection bias: systematically 
favoring (or excluding) certain groups 
for inclusion in the sample.

Non-response bias: when people 
who don’t respond are 
non-representative of the population.

Q : what was the population?
A : Population All people who
will cast votes in the 1936

-
.
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•Person who responds
"

FDR
"

• person who responds " Landon
"



Literary Digest 1936 Poll : n= 10 million
US population 1936 : N = 128 million .

→ 87
.

I
0

Gallup 1936 Poll : n = 50,000

Gallup 2021 : n = 1,000



Try 1 Try 2 Try 3

Population
Sampling frame
Sample

→ 43% → 49% → 48%





Probability Distribution: Empirical Distribution: 

Polling a student
fromttefullclass

Zoom Poll Data
-

Norte: probability Distributions
-
- -

(probability • Can describe sampling
•
6 - from a population,

but that's not all !

→
# of pips on a die roll÷÷i÷÷ . in :st÷t: "it#

#
i z 3 4 5 6

• often not known



Sampling process 1

Sampling process 2

Probability Distributions

Population
Sampling frame
Sample
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FDR
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random variable
• Random Variables (RVs) use capital
letters : X

,4,2

• A particular value taken by
Let X take the value 1

a RV indicated by a lower case letter.
if FDR

,
0 if Landon

. X
,y ,Z

• The (Probability) Distribution of a
discrete R.

V
.
can be expressed as

Let Y be the # of pips a table or graphic .
of a roll of a 6 - sided die

.

PLX -- x)
"

T
probability / particular value X

RV . X



tesponseqoesponse ←
YIYp.me

S = X
,
t Xzt . . . .

t X
ion

Prob
.

Let s be the total
⇐ of voters

that say
"

FDR
"

in a sample of
?¥l¥A÷¥i

Size 10 million



Q: What do these have in common?

A : Each have only two outcomes ,
one of which happens w/ a

particular probability p .

%
note the little

p



X is Bernoulli ( p) if :

P (X -- 1) =p } ProbabilityP (X -

- o) = I - p
Mass

1- Function

(PMF)

/ y
Examples :-÷¥'¥/
Be.no."⇐ .

., Ben."↳⇒, Benoni .o
-

O I



Q: What do these have in common?

A : Each is a sum of Bernoulli RVs .



Y is binomial (n
, p) if :

PLY -

-

y)
-
- (ny) p'll - p)

" -s

Recall: S = X
,
tXzt . . .

X
ion

S is binomial (n -- 10M, p = .
61)

Prob
.¥i÷n÷÷I¥÷i. i :*:*:":S:: ::::
t



Q: What do these have in common?

M

binomial (n = 10M
,p = .

61) binomial (n :S
, p

-

- Yz)
binomial ( n = .sn

, p
=
.
08)

• each Xi isnt quite • good fit !
independent with the • probably not independent ./same p .

→ contagious !
• probably not a good
fit



● Discrete
○
○
○

● Continuous
○
○



Discrete
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Continuous
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expected value 

●
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○

E (X) = §×
.

x i P lX = x i) =p

⇐

÷÷÷÷÷÷÷t¥k
E LY) = O . P (Y -

- o) t
. . .

t S a P (Y =S)
' I 8) .
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.
s
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Linear transformations

Additivity

Linearity of Expectation

constants

Let ft
Z -

- axtb ; Elz) -- Elaxtb)=aECX)tECb)=aECX)t.b

Let
W -

- X
,
+Xz ;

E- (w) -- ECX.tl/z)--ElXDtECXD

Let

✓ = ax
, tbxz ; ECU)

-

- E- ( ax ,tbXa)=aE(X,)tbE(XD



Bernoulli Binomial

Let X be Bernoulli (p) .

Let Y be binomial (n , p) .

Y = X ,
t Xzt . . .

tXu

E (x) xiP(X -- Xi) Ely) -- ECX.tl/zt...tXn)
= Ood - p) t 1. p

= END TECXDT . . .
ECX)

= p t p t . . .
t p

=p = np

Il n - 5
, p

=
. 5

±i÷E Heine's
Aqsa

P is
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statistical bias



l

MBBS aka Plato's Atkgoryof
thecae

§§ World of Forms

§§ • Non - physical essence
* A

*

of all things .*d¥⑧¥¥.⇒⇐÷i¥%¥÷€⇐¥⇒iwm÷÷÷:÷÷÷
.

q
"""by
,

that we observe
.

&
Philosopher : Person who

seeks knowledge of
forms

.



\

Metaphor #
§µ§§! aka the cave

§§ World of Parameters

§§$ * Constants that

id
•

define the structure

.im#............i*.*;i÷÷€÷÷¥¥⇒. wn÷÷÷÷÷÷÷÷÷
parameters , generated by RVs

=p I § and their parameters .

• { I o:{÷.

:
.

is § ,
statistician: person who uses

statistics to learn about

parameters .



What is a statistic?
-

- - -

* A single piece of data .

• A numerical summary
of
a dataset .

- -

function realizations of R .

V. S

\
.
It

⑤ = f- ( x . ,xa . . . .
xD

What is an estimator?
-

• A statistic designed to estimate a parameter
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Parameter : total # squirrels p
-

in Central Park.

The Data ? Z
,

'

Y
-

-

The Estimator
- -

F =
f- ( z

, y ;
A
,

S
.
. 6.IT)



Roosevelt 
(D)

Landon (R)

Question:

Theda er : the total proportion
of votes for FDR

' P

theData: X . ,Xz
,

. . .X.on

The Estimator.
- -

.

pa = f ( x, ,Xz, . . .X.on j n)
= X

,
t Xz t . . .

X ion
-

h



statistical bias

I

E. o
'

→ Not quite . . .



Example:
OR if we want to

estimate p :

→ Y -

- X
,
txt . . .Xs → pa = In Yi

PH -g) PCE -- pm)H¥i±
.

textile
.
.

• Y is an RV , therefore pa is

an
RV .

• Since estimators are
fins of RV 's

,

they are RVs → subject to saylingvariability



statistical bias j¥¥¥
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E- ( E) - O generated by0 ?

i µ⇐o..
a
:* ::*

A : It will not be

§ = f ( X , ,Xz . .
.) representative of

the population .

- ↳ selection bias

biased
Q : what if your A : Estimator

E×
. pnb = Ii Ynestimator isn't

great ?




