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Lecture 1. Asking a Research Question and
a Ŷ View of Regression
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How computing looked in the 1950s

Source: NASA
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How computing looked in the 1980s

Source: Wikimedia
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https://commons.wikimedia.org/wiki/File:Commodore_PET_Exhibit_at_American_Museum_of_Science_and_Energy_Oak_Ridge_Tennessee.jpg


How computing looks today

Source: Apple
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https://www.apple.com/macbook-air-m1/


How computing looks today
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How computing looks today
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The SOCIOL 212 sequence

▶ new computational tools

▶ applied to write a social science paper
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Course Plan

ilundberg.github.io/soc212b
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https://ilundberg.github.io/soc212b


Learning goals for today

By the end of class, you will be able to
▶ define an estimand in your project

▶ unit-specific quantity
▶ target population

▶ motivate regression from a Ŷ view
▶ as a tool to estimate despite sparse data
▶ with the risk of various modeling errors

▶ make predictions to describe population subgroups

▶ organize your code in directories
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Asking research questions

Course Intro Define an Estimand Ŷ View of Regression Computer Tutorial Organizing Your Workflow



Research framework: Estimands connect theory to evidence

Theory or
general goal

Theoretical
estimand

Empirical
estimand

Estimation
strategy

By argument By assumption By data
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Research framework: Estimands connect theory to evidence

Theory or
general goal

Theoretical
estimand

Empirical
estimand

Estimation
strategy

Pages of theory

By argument By assumption By data
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Research framework: Estimands connect theory to evidence

Theory or
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Theoretical
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Empirical
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done to data
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Research framework: Estimands connect theory to evidence

Theory or
general goal

Theoretical
estimand

Empirical
estimand

Estimation
strategy

Pages of theory Pages of things
done to data

Nothing in between

By argument By assumption By data
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Research framework: Estimands connect theory to evidence

Theory or
general goal

Theoretical
estimand

Empirical
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Research framework: Estimands connect theory to evidence
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general goal
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Research framework: Estimands connect theory to evidence

Theory or
general goal

Theoretical
estimand

Empirical
estimand

Estimation
strategy

Theoretical
estimand

Set
a specific
target

Definition

A unit-specific
quantity

aggregated over a
target population

Empirical
estimand

By argument By assumption By data
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Research framework: Estimands connect theory to evidence

Theory or
general goal

Theoretical
estimand

Empirical
estimand

Estimation
strategy

Theoretical
estimand

Set
a specific
target

Definition

A unit-specific
quantity

aggregated over a
target population

Example

1
Size of U.S.

adult population

∑
i in U.S.

adult population

(
Employedi

)

Empirical
estimand

By argument By assumption By data
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Research framework: Estimands connect theory to evidence

Theory or
general goal

Theoretical
estimand

Empirical
estimand

Estimation
strategy

Theoretical
estimand

Set
a specific
target

Definition

A unit-specific
quantity

aggregated over a
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Example

1
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i in U.S.
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(
Employedi (Job training)︸ ︷︷ ︸

Employment if received
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− Employedi (No job training)︸ ︷︷ ︸
Employment if did not receive

job training

)

Empirical
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Research framework: Estimands connect theory to evidence

Theory or
general goal

Theoretical
estimand

Empirical
estimand

Estimation
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Theoretical
estimand

Set
a specific
target

Definition

A unit-specific
quantity

aggregated over a
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Example

1
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i in U.S.
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(
Employedi (Job training)︸ ︷︷ ︸

Employment if received
job training

− Employedi (No job training)︸ ︷︷ ︸
Employment if did not receive

job training

)

Lieberson 1987, Abbott 1988, Freedman 1991, Xie 2013, Hernán 2018

Empirical
estimand

By argument By assumption By data
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Research framework: Estimands connect theory to evidence
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Research framework: Estimands connect theory to evidence

Theory or
general goal

Theoretical
estimand

Empirical
estimand

Estimation
strategy

Theoretical
estimand

Set
a specific
target
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Yi (1)
Yi (1)

Yi (1) Yi (1)Yi (1)

Yi (0)
Yi (0)

Yi (0) Yi (0)Yi (0)

Empirical
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Link
to observable

data

A quantity involving
observable data
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Research framework: Estimands connect theory to evidence
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Research framework: Estimands connect theory to evidence

Theory or
general goal

Theoretical
estimand

Empirical
estimand

Estimation
strategy

Theoretical
estimand

Set
a specific
target

Definition Example
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estimand
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data

A quantity involving
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Yi (1)

Yi (1) Yi (1)Yi (1)

Yi (0)
Yi (0)

Yi (0) Yi (0)Yi (0)

X⃗ T Y

Pearl 2009, Imbens and Rubin 2015,
Morgan and Winship 2015, Elwert and Winship 2014

By argument By assumption By data
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Research framework: Estimands connect theory to evidence
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Research framework: Estimands connect theory to evidence

Theory or
general goal

Theoretical
estimand

Empirical
estimand

Estimation
strategy

Theoretical
estimand

Set
a specific
target

Definition Example

Empirical
estimand

Link
to observable

data

Learn
from data

An algorithm
applied to data Yi (1)

Yi (1)

Yi (1) Ŷi (1)Ŷi (1)

Ŷi (0)
Ŷi (0)

Ŷi (0) Yi (0)Yi (0)

Young 2009, Watts 2014, Berk et al. 2019, Molina and Garip 2019

By argument By assumption By data
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Research framework: Estimands connect theory to evidence

Theory or
general goal

Theoretical
estimand

Empirical
estimand

Estimation
strategy

Theoretical
estimand

Set
a specific
target

Empirical
estimand

Link
to observable

data

Learn
from data

By argument By assumption By data
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Research framework: Estimands connect theory to evidence
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Defining an estimand

An estimand involves a

▶ unit-specific quantity

▶ target population

We will practice with

▶ simple guiding examples

▶ then with your projects
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Theory or
general goal

Theoretical
estimand

Set

by argument

Empirical
estimand

Link

by assumption

Estimation
strategy

Learn

by data

Describe a population

What is the proportion employed

among U.S. resident women ages 21–35?
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Theory or
general goal

Theoretical
estimand

Set

by argument

Empirical
estimand

Link

by assumption

Estimation
strategy

Learn

by data

Describe a population

What is the proportion employed

among U.S. resident women ages 21–35?

Woman 1
Woman 2
Woman 3
Woman 4
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Theory or
general goal

Theoretical
estimand

Set

by argument

Empirical
estimand

Link

by assumption

Estimation
strategy

Learn

by data

Describe a population

What is the proportion employed

among U.S. resident women ages 21–35?

Woman 1
Woman 2
Woman 3
Woman 4

Employed?

1
0
1
1

Course Intro Define an Estimand Ŷ View of Regression Computer Tutorial Organizing Your Workflow



Theory or
general goal

Theoretical
estimand

Set

by argument

Empirical
estimand

Link

by assumption

Estimation
strategy

Learn

by data

Describe population subgroups

What is the proportion employed

among U.S. resident women ages 21–35,

comparing mothers to non-mothers?
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Theory or
general goal

Theoretical
estimand

Set

by argument

Empirical
estimand

Link

by assumption

Estimation
strategy

Learn

by data

Describe population subgroups

What is the proportion employed

among U.S. resident women ages 21–35,

comparing mothers to non-mothers?

Mother 1
Mother 2
Mother 3
Mother 4

Employed?

0
0
0
1

Non-Mother 1
Non-Mother 2
Non-Mother 3
Non-Mother 4

Employed?

1
0
1
1
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Estimation
strategy

Learn

by data

Causal effect in a population

What is the causal effect of motherhood on employment

among U.S. resident women ages 21–35?
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Theory or
general goal

Theoretical
estimand

Set

by argument

Empirical
estimand

Link

by assumption

Estimation
strategy

Learn

by data

Causal effect in a population

What is the causal effect of motherhood on employment

among U.S. resident women ages 21–35?

Woman 1
Woman 2
Woman 3
Woman 4

Would be
employed if
a mother?

Y (1)

0
0
0
1
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Theory or
general goal

Theoretical
estimand

Set

by argument

Empirical
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Causal effect in a population

What is the causal effect of motherhood on employment

among U.S. resident women ages 21–35?

Woman 1
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Would be
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0
0
0
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Would be
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1
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Course Intro Define an Estimand Ŷ View of Regression Computer Tutorial Organizing Your Workflow



Theory or
general goal

Theoretical
estimand

Set

by argument

Empirical
estimand

Link

by assumption

Estimation
strategy

Learn

by data

Causal effect in a population

What is the causal effect of motherhood on employment

among U.S. resident women ages 21–35?

Woman 1
Woman 2
Woman 3
Woman 4

Would be
employed if
a mother?

Y (1)

0
0
0
1

Would be
employed if

a non-mother?
Y (0)

1
0
1
1

Causal
effect

Y (1)− Y (0)

-1
0
-1
0
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Defining an estimand: Your project

Form small groups. In your projects,

▶ What is the unit-specific quantity (or quantities)?

▶ What is the target population(s)?
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Baseball salaries

databases.usatoday.com/major-league-baseball-salaries-2023/
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Baseball salaries

Population
Mean

$4,965,481
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Population of MLB players on rosters on Opening Day 2023
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Baseball salaries

Oakland
Cincinnati
Baltimore
Pittsburgh

Tampa Bay
Kansas City

Cleveland
Miami

Washington
Milwaukee

Arizona
Detroit

Minnesota
Seattle

Colorado
Boston

Chicago Cubs
San Francisco

St. Louis
Chicago White Sox

Atlanta
Houston

L.A. Dodgers
Texas

L.A. Angels
San Diego

Toronto
Philadelphia

N.Y. Yankees
N.Y. Mets

$0 $2,500,000 $5,000,000 $7,500,000 $10,000,000
Mean Salary

Te
am
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Statistical learning from samples

With only the sample, how would you estimate the mean salary of
all the Dodgers?

D
odgers

Past Win−Loss Record

P
la

ye
r 

S
al

ar
y

Population

D
odgers

Past Win−Loss Record

P
la

ye
r 

S
al

ar
y

Sample: 5 per team
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Three estimators for the Dodgers’ mean salary

D
odgers

Past Win−Loss Record

P
la

ye
r 

S
al

ar
y

Estimator 1: Subgroup sample mean

Which do you prefer? Why?
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Three estimators for the Dodgers’ mean salary

D
odgers

Past Win−Loss Record

P
la

ye
r 

S
al

ar
y

Estimator 2: Full sample mean

Which do you prefer? Why?
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Three estimators for the Dodgers’ mean salary

D
odgers

Past Win−Loss Record

P
la

ye
r 

S
al

ar
y

Estimator 3: Regression prediction

Which do you prefer? Why?
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Statistical learning: A somewhat unusual view

1. the entire goal of modeling is to solve sparse data
▶ we sample very few Dodgers,

so we use non-Dodgers to help our estimate

2. in a huge sample, a model is unnecessary
▶ estimate Dodger population mean

by the Dodger sample mean

3. in a tiny sample, models may perform poorly
▶ might even better to estimate a subgroup mean (Dodgers)

by taking the mean of the whole sample (all MLB)
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The model is wrong. Why might we still use it?
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Ŷ view of regression: Modeling errors
Berk Fig 1.6
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A Ŷ view of description: Predict a subgroup mean
With Kristin Liao, UCLA
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A Ŷ view of description: Predict a subgroup mean
With Kristin Liao, UCLA

Beta = 0.99

At X = 0.40,

Yhat = 0.58

0.00

0.25

0.50

0.75

1.00

0.0 0.2 0.4 0.6 0.8
Predictor X

O
ut

co
m

e 
Y

Concrete steps

In full data,
learn a model

Define new data
in which to predict
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In full data,
learn a model

Define new data
in which to predict

Report prediction

Course Intro Define an Estimand Ŷ View of Regression Computer Tutorial Organizing Your Workflow



Concrete exercise: Sex gap in pay
ilundberg.github.io/description

Sample of 5 million cases (true nonparametric estimates)
Simulate a sample of 100 (evaluate sample-based estimators)
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Concrete exercise: Sex gap in pay
ilundberg.github.io/description

Data for learning

▶ American Community Survey (ACS) 2010–2019

▶ Adults age 30–50

▶ Worked 35+ hours per week in 50+ weeks last year

▶ Outcome: Annual wage and salary income
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Computer tutorial: Introduction
ilundberg.github.io/description

We will give you data:

▶ male and female incomes at age 30–50 in 2010–2019

You will make a forecast:

▶ male and female geometric mean income at age 30–50 in 2022
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Computer tutorial: Introduction
ilundberg.github.io/description
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Computer tutorial: Introduction
ilundberg.github.io/description

We will give you data:

▶ male and female incomes at age 30–50 in 2010–2019

You will make a forecast:

▶ male and female geometric mean income at age 30–50 in 2022

When you finish:

▶ How could you use regression to estimate a subgroup mean in
your own project?
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Organizing your workflow: Code scripts

I organize a project folder like this:
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https://github.com/ilundberg/replication/tree/master/causalmobility


Organizing your workflow: Quarto documents

see the RStudio Quarto tutorial
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https://quarto.org/docs/get-started/hello/rstudio.html


Learning goals for today

By the end of class, you will be able to
▶ define an estimand in your project

▶ unit-specific quantity
▶ target population

▶ motivate regression from a Ŷ view
▶ as a tool to estimate despite sparse data
▶ with the risk of various modeling errors

▶ make predictions to describe population subgroups

▶ organize your code in directories
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