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Announcements for Today
Ø We have asked for permission to increase the class size 

to enroll  about 100 people from the wait list…. Stay 
tuned

Ø We will try using Google forms today

Ø Slides and notes from lecture available online at 
http://ds100.org/fa19

Ø HW 1 is due 11:59 Wednesday Sep 4 

Ø Office hours are found at http://ds100.org/fa19/calendar

http://ds100.org/fa191
http://ds100.org/fa19/calendar
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START SIMPLE

QUESTION:

What is the typical family size (children only)?



START SIMPLE
DATA:

Survey of all 250 students enrolled in Data 100 in Fall 
2017 and asked their family size

1 2 3 4+

Counts 61 131 44 14

Percent 24% 52% 18% 6%



START SIMPLE
ANALYSIS:

1 2 3 4+

Counts 61 131 44 14

Percent 24% 52% 18% 6%

Can we  provide a 
summary statistic?
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DETOUR:
Why is the sample mean such 
a desirable summary?



Summarizing the Data
DATA: !", !$ , … , !& where + is 250 in our example
ERROR: !" − :, !$ − :,… , !& − :
LOSS: ;: = → =?
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Summarizing the Data

AVERAGE LOSS:    !" ∑$%!
" &(($ − *)

AKA EMPIRICAL RISK

Minimize the empirical risk
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Minimize the Average Loss

1
"#$%&

'
( )$ − + = 1

"#$%&
)$ − + -
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Refresher

x̄ =
1

n

nX

i=1

xi

<latexit sha1_base64="5WzTcLEXqP2RlJSG/BlAYUpJqfc=">AAACEXicbVC7TsMwFHV4lvAKMLJYVEidqqQMsFSqYICxSPQhNSFyXKe16jiR7aBWIb/Awl8wszCAECsbG3+D+xig5UhXOjrnXt17T5AwKpVtfxtLyyura+uFDXNza3tn19rbb8o4FZg0cMxi0Q6QJIxy0lBUMdJOBEFRwEgrGFyM/dYdEZLG/EaNEuJFqMdpSDFSWvKtkhsgkQ1zWIVuKBDOnDzjOXRlGvkZrTr5LYdDn5qmbxXtsj0BXCTOjBRrl/DJ9e97dd/6crsxTiPCFWZIyo5jJ8rLkFAUM5KbbipJgvAA9UhHU44iIr1s8lEOj7XShWEsdHEFJ+rviQxFUo6iQHdGSPXlvDcW//M6qQrPvIzyJFWE4+miMGVQxXAcD+xSQbBiI00QFlTfCnEf6WCUDnEcgjP/8iJpVsrOSblyrdM4B1MUwCE4AiXggFNQA1egDhoAgwfwDF7Bm/FovBjvxse0dcmYzRyAPzA+fwAFfJ9u</latexit>

1

n

nX

i=1

(axi + b) = ax̄+ b
<latexit sha1_base64="A0HbuDLWrRF6v24LZjwDoJfGpM0="></latexit>
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Minimize the Average Loss

1

n

nX

i=1

(xi � c)2

<latexit sha1_base64="3ptYjva/tklEJO9VKLf0Vw52tLs=">AAACEHicbVC7TsMwFHV4lvAqMLJYVIgyUCVlgAWpggHGItGH1LSR4zqtVceJbAdRhXwCC5/BysIAQqyMbPwNTtsBWo50paNz7tW993gRo1JZ1rcxN7+wuLScWzFX19Y3NvNb23UZxgKTGg5ZKJoekoRRTmqKKkaakSAo8BhpeIOLzG/cEiFpyG/UMCLtAPU49SlGSktu/sDxBcKJnSY8hY6MAzehZ3ba4bB451J4BPFhp2yappsvWCVrBDhL7AkpVC7hk+Pe96pu/svphjgOCFeYISlbthWpdoKEopiR1HRiSSKEB6hHWppyFBDZTkYPpXBfK13oh0IXV3Ck/p5IUCDlMPB0Z4BUX057mfif14qVf9pOKI9iRTgeL/JjBlUIs3RglwqCFRtqgrCg+laI+0gnpHSGWQj29MuzpF4u2cel8rVO4xyMkQO7YA8UgQ1OQAVcgSqoAQwewDN4BW/Go/FivBsf49Y5YzKzA/7A+PwBI4mdoQ==</latexit>
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The Sample Average Minimizes 
Empirical Risk

1

n

nX

i=1

(xi � x̄)2 <=
1

n

nX

i=1

(xi � c)2

<latexit sha1_base64="aipnuAo6I/y0j5HvBaYtUfjb0Jo="></latexit>

This is the Sample 
Variance



Data Life Cycle

?

In some cases we 
do not want/need 
to Generalize

Data 
Design/ 
Generation

Data 
Analysis

Question
Formulation
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Consider the Question Carefully

What is the typical family size (children only)?

How well can we 
measure this?

What are we trying 
to measure?
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Focus the Question

From Female Fertility Perspective:

Ø WHERE
Ø WHEN
Ø WHO
Ø WHAT 
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Focus the Question

The Question gives focus to the Population that 
we want to study



Data Life Cycle

Generalization

Data 
Design/ 
Generation

Get Data from the 
World and Generalize 
Data Findings to the 
world

Data Life Cycle

Generalization

Data 
Design/ 
Generation

Get Data from the 
World and Generalize
Data Findings to the 
world
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How Well Does our Data 100 class 
represent the group of interest?

Ø Mothers of children at UC Berkeley
Ø Measure the mothers via the children 
Ø Mothers who are 40-44 in 2014

How might these characteristics impact the 
estimate of the number of children a US woman 
bears in her lifetime in 2014? 
Bias up, Bias Down, Not impact
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According to Pew Research Center

How might this impact 
the Data 100 average?

http://www.pewsocialtrends.org/2015/0
5/07/family-size-among-mothers/

The data used in these analyses are 
designed to assess women’s fertility, and as 
such a “mother” is here defined as any 
woman who has given birth. However, many 
women who do not bear their own children 
are indeed mothers.
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Population of Interest
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Population of Interest

Sam
pling

Fram
e

Access the Population 
through the Frame
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Population of Interest

Sam
pling

Fram
e

SA
M

PLE

The Sample is a subset 
of the Frame 
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Sample = 
Sampling Frame = 
Population

Sa
m

p
ling

Fra
m

e

SA
M

PLE

Scenario: Census
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Sampling Frame = 
Population

Sa
m

p
ling
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Scenario: Access to 
all members of the 
Population when 
sampling
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Sampling Frame = 
Sample

Sam
pling

Fram
e
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Scenario: 
Administrative Data
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Population of Interest

Sam
pling

Fram
e

SA
M

PLE

Most Common 
Scenario



How are the data generated?
Ø What is the population of interest?

Ø What is the sampling frame?

Ø How are the data generated?  

Deborah



DETOUR:
1. The simple random sample
2. Why is a probability sample 
so desirable?



Sampling Frame = 
Population

Sam
pling

Fram
e

SAM
PLE

Scenario: Access to 
all members of the 
Population when 
sampling

HOW IS THE 
SAMPLE 
TAKEN?



The Simple Random Sample
Ø Suppose we have a population with N subjects

Ø We want to sample n of them 

Ø The SRS is a random sample where every unique subset 
of n subjects has the same chance of appearing in the 
sample

Ø This means each person is equally likely to be in the 
sample
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The Advantages of a SRS
Ø Representative: The sample tends to look like the 

population

Ø Statistics based on the sample tend to be close to 
statistics based on the population

Ø We can provide typical deviations of sample statistics 
from population values.

Ø AND MORE…
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Start Simple
Ø Suppose our population contains only 10 mothers and 

we take a Simple Random Sample of 3 for our survey.

Number of Children
1 2 3 4+

Count 2 4 3 1
Proportion 20% 40% 30% 10%
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Formal Set Up
Number of Children

1 2 3 4+
Count 2 4 3 1
Proportion 20% 40% 30% 10%

!" The number of children for the first mother chosen

!# The number of children for the second mother chosen

!$ The number of children for the third mother chosen
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Formal Set Up
Number of Children

1 2 3 4+
Count 2 4 3 1
Percent 20% 40% 30% 10%

!" The number of children for the first mother chosen

Probability Distribution
x 1 2 3 4+
#(!" = &)
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!" The number of children for the first mother chosen

What is the  expected value of !"? 

Probability Distribution
x 1 2 3 4+
#(!" = &)

E(X1)
<latexit sha1_base64="3veVGM/Vv6htEFxzTuT0bJWV/gg=">AAAB+3icbVDLSsNAFJ3UV42vWJduBotQEUpSF7osiuCygn1AE8JkOmmHTiZhZiKWkL9w7caFIm79EXf9GydtF9p6YOBwzr3cMydIGJXKtqdGaW19Y3OrvG3u7O7tH1iHlY6MU4FJG8csFr0AScIoJ21FFSO9RBAUBYx0g/FN4XcfiZA05g9qkhAvQkNOQ4qR0pJvVdwIqVEQZLd5rec7Z6Zp+lbVrtszwFXiLEi1eeKeP0+bk5ZvfbuDGKcR4QozJGXfsRPlZUgoihnJTTeVJEF4jIakrylHEZFeNsuew1OtDGAYC/24gjP190aGIiknUaAni6Ry2SvE/7x+qsIrL6M8SRXheH4oTBlUMSyKgAMqCFZsognCguqsEI+QQFjpuooSnOUvr5JOo+5c1Bv3uo1rMEcZHIMTUAMOuARNcAdaoA0weAIv4A28G7nxanwYn/PRkrHYOQJ/YHz9AJQ/lcw=</latexit>
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!" number of children for the 2nd mother chosen

Probability Distribution
x 1 2 3 4+
#(!" = &)
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!" number of children for the 2nd mother chosen
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DETOUR CONTINUED:
Why is the expected value a 
desirable summary of a 
probability distribution?



Random Variables

Random Variables: !", !$ ,… , !&
Random ERROR: !" − (, !$ − (,… , !& − (
LOSS: ): + → +-
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Summarizing the Probability Distribution

EXPECTED LOSS: 

AKA RISK

Minimize the risk

E[l(X � c)] = E[(X � c)2]
<latexit sha1_base64="fLDROEJr6gGuqiujVDelijAKnho=">AAACGHicbZDLSsNAFIYn9VbjLerSzdAiVMSa1IVuhKIILivYCySxTKbTdujkwsxECKFvoRtfxY0LRdx217dx0nZRW38Y+PnOOcw5vxcxKqRpjrXcyura+kZ+U9/a3tndM/YPGiKMOSZ1HLKQtzwkCKMBqUsqGWlFnCDfY6TpDW6zevOZcEHD4FEmEXF91Atol2IkFWob546PZN/z0ruhzUoteAbxiQuv4Rye0aeKq+t62yiaZXMiuGysmSlWC87py7ia1NrGyOmEOPZJIDFDQtiWGUk3RVxSzMhQd2JBIoQHqEdsZQPkE+Gmk8OG8FiRDuyGXL1Awgmdn0iRL0Tie6oz21cs1jL4X82OZffKTWkQxZIEePpRN2ZQhjBLCXYoJ1iyRBmEOVW7QtxHHGGpssxCsBZPXjaNStm6KFceVBo3YKo8OAIFUAIWuARVcA9qoA4weAXv4BN8aW/ah/at/Uxbc9ps5hD8kTb6BRtan5c=</latexit>
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Properties of Expected Value

E(X) =
mX

j=1

xjP (X = mj)

<latexit sha1_base64="aWD6Od9JvIPwYlOVblM/b28RB0w="></latexit>

E(aX + b)
<latexit sha1_base64="1/PdShRYKnRVPKKprlbxvV9gQUg=">AAAB/nicbVDLSsNAFJ3UV42vqLhyM7QIlUJJ6kKXRRFcVrAPaEKZTCft0MkkzEyEEAp+hD/gxoUibv0Od/0bJ20X2npg4HDOvdwzx48Zlcq2p0ZhbX1jc6u4be7s7u0fWIdHbRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen445vc7zwSIWnEH1QaEy9EQ04DipHSUt86cUOkRr6f3U4qqAur0D83TbNvle2aPQNcJc6ClBslt/o8baTNvvXtDiKchIQrzJCUPceOlZchoShmZGK6iSQxwmM0JD1NOQqJ9LJZ/Ak808oABpHQjys4U39vZCiUMg19PZmHlcteLv7n9RIVXHkZ5XGiCMfzQ0HCoIpg3gUcUEGwYqkmCAuqs0I8QgJhpRvLS3CWv7xK2vWac1Gr3+s2rsEcRXAKSqACHHAJGuAONEELYJCBF/AG3o0n49X4MD7nowVjsXMM/sD4+gEFW5aI</latexit>
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Minimize the Risk

E[(X � c)2]
<latexit sha1_base64="+wRRoWr+nQRdILHjvsBcH8aX4Co=">AAACAXicbVDLSsNAFJ3UV42vqBvBzdAiVMSS1IUuiyK4rGAfkMQymU7aoZMHMxMhhLrxF/wENy4UcetfuOvfOGm70NYDFw7n3Mu993gxo0Ka5lgrLC2vrK4V1/WNza3tHWN3ryWihGPSxBGLeMdDgjAakqakkpFOzAkKPEba3vAq99sPhAsahXcyjYkboH5IfYqRVFLXOHACJAeel12P7EoHnkJ8fF9zdV3vGmWzak4AF4k1I+V6yTl5HtfTRtf4dnoRTgISSsyQELZlxtLNEJcUMzLSnUSQGOEh6hNb0RAFRLjZ5IMRPFJKD/oRVxVKOFF/T2QoECINPNWZ3yvmvVz8z7MT6V+4GQ3jRJIQTxf5CYMygnkcsEc5wZKliiDMqboV4gHiCEsVWh6CNf/yImnVqtZZtXar0rgEUxTBISiBCrDAOaiDG9AATYDBI3gBb+Bde9JetQ/tc9pa0GYz++APtK8f7OyXkA==</latexit>
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The Expected Value Minimizes Risk

This side is the 
Variance

E[X � E(X)]2  E[(X � c)2]
<latexit sha1_base64="3zJ2OQlkCmgO7kel1qjrwOnaJuU="></latexit>
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Data Life Cycle

Generalization

Data 
Design/ 
Generation

Probability Samples give us 
Representative Data where 
the sample average is well 
behaved and an accurate 
estimate of the population 
average



Sampling Frame = 
Sample

Sam
pling

Fram
e

SA
M

PLE =

Scenario: 
Administrative Data



Can we make up 
for no Probability 
Sample with Big 
Data?



Sample and Population Averages 

The gap between these is based on three things:

Ø Data quality measure (the correlation between the 
sampling technique and the response) 

Ø Data quantity measure (how big is the sample relative to 
the population)

Ø Problem difficulty measure (how variable is the response) 

Meng 2018, Annals Applied Probability



Sample and Population Averages 

Ø Probabilistic sampling ensures high data quality by 
eliminating selection bias and confounding

Ø When combining data sources for population inferences, 
those relatively tiny but higher quality sources should be 
given far more weights than suggested by their sizes.

Active Area of Research Area



Large Administrative Data vs Small SRS 
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