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Welcome
• We’re very excited about this course!
• Please give us feedback.
• Extremely grateful to:

– Russell Sage Foundation for funding.
– Samantha Cherney for logistics, and Maribel 

Estrada for administrative help.
– Add Health for making data available.
– National Bureau of Economic Research for 

providing server support for data.
– Instructors for volunteering their time.



Social-Science Genomics
• Social-science genomics is the use of 

genomic data in social-science research.
• We believe that there are many potential 

payoffs for the social sciences.
– Most of today’s lectures will be about these.

• Yet also many challenges to appropriate 
use, interpretation, and communication.
– Michelle Meyer’s lectures will address ethics—

especially important given bad history.
– Much of the content of the program will be 

about conducting good, responsible research.



What’s Special About Genetic Data?

• Different DNA makes us biologically 
distinct.

• Pre-determined (at conception).
• Randomly assigned, conditional on parents.
• Finite and fully measurable.
• Biological function is (in principle) fully 

knowable.
• It’s a leading example of Big Data.
• Has distinctive, well understood features.
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Why Now?
• Rapid advances in measuring genetic 

variation—greater scale, falling costs.
• Genomic data increasingly available in 

social-science datasets.
• In the last few years, dramatic advances in 

identifying genetic variants associated with 
behavioral traits.

• At cusp of much greater predictive power.
• Time is ripe for well-powered research in 

social-science genomics.



Who We Are

• Represent a range of disciplines: 
economics, sociology, psychology, 
genetics, bioethics.

• The instructors are among the leaders in 
social-science genomics.

• Several of us have been involved with RSF, 
as working group members or grantees.
– Note that RSF awards grants and supports 

visiting scholars.



The SSGAC
• Some of us are core members of Social Science 

Genetic Association Consortium (SSGAC).
• The SSGAC coordinates large-scale genome-

wide association studies (GWAS) of behavioral 
phenotypes.
– Creates research tools (e.g., polygenic scores).
– Aims to promote good research practices, e.g.:

•ex ante power calculations.
•preregistration and complete reporting of methods.
•public posting of results.

– Committed to accurate communication and 
interpretation of findings.



The Organizers
• Dan Benjamin

– Ph.D. Economics, Harvard, 2006.
– Professor (Research), Center for Social and 

Economic Research, USC.

• David Cesarini
– Ph.D. Economics, MIT, 2010.
– Associate Professor, Center for Experimental 

Social Science, NYU.

• Patrick Turley
– Ph.D. Economics, Harvard, 2016.
– Postdoc, Massachusetts General Hospital and 

Harvard-MIT Broad Institute.



Who You Are
• 29 participants out of 56 applicants.
• Selected because we believe you will be a 

future leader in your discipline:
– Economics (10)
– Sociology (8) (incl. demography)
– Statistics/Informatics (2)
– Psychology (3)
– Biology (2)
– Epidemiology/Public health (2)
– Psychiatry (1)
– Geography (1)

• Will learn a lot from each other!



Purposes of the Summer Institute

• Develop your own research ideas!
• Learn how to implement and interpret new 

methods.
• Become more discerning consumer of 

research in (social science) genomics.
– Understand more deeply the challenges to 

research and interpretation.

• Learn about some useful data and software.
• Learn about good research practices.



Our Teaching Philosophy
• Modern genomics is empirically driven.

– We worked hard to give you access to real data 
and hardware/software for analysis.

• Yet core theoretical ideas essential:
– Identifying good research questions/methods.
– Interpreting research findings.

• Hence, emphasis on key theoretical ideas, 
conveyed via simple models.
– Problem sets are central to the program.
– (Attempting to have uniform notation.)



Nature of the Summer Institute

• Immersive learning experience.
– We’ve all put our research and other 

commitments on hold for two weeks.
– Lectures, problem sets, and brainstorming 

research ideas.

• Go to office hours.
• Work on the problem sets in groups.
• Brainstorm with potential collaborators.



Some Logistics

• Everyone is expected to participate in 
everything.

• Every meal is provided by the conference 
center, except over the weekend (Friday 
dinner through Sunday lunch).

• Samantha is the contact for any logistical 
questions (at RSF email address).

• In an emergency, call Samantha’s cell (607-
342-1747) or mine (617-548-8948).



Problem Sets
• Purpose is to help teach the material.

– Aimed to mix theory and practice.

• They’re supposed to be challenging:
– Work on them in groups.
– Discuss them with instructors.
– Make sure to check your answers against the 

solutions!

• Volunteer “TAs” (both alumni):
– Hui:  hui_li@g.harvard.edu
– Rosie:  ruoxili@usc.edu

mailto:hui_li@g.harvard.edu
mailto:ruoxili@usc.edu


Computing Logistics
• You will have access to:

– Cleaned data.
– Raw data, and the code used to clean it.
– Add Health codebook, to see available variables.
– NBER server, containing the data and software.

• TAs have provided you with your server 
password—only in-person and on paper.

• Do not download anything from the server.
• You are responsible for data security and 

respondent privacy.



Office Hours
• Any faculty who are here are available for 

office hours.
• Several instructors around all 2 weeks:

– Me
– David
– Patrick

– Hui
– Rosie
– Andrea
– James

– Raymond

• We will announce where office hours will 
be held.



Outline

1. Welcome
2. The Causal Model of Genetic Effects
3. Camp Outline



The Causal Model
• 𝑦# : outcome/phenotype (e.g., educational 

attainment).

• 𝑥#% ∈ 0,1,2 : genotype at genetic variant 𝑗. 
• 𝒙# = 𝑥#., 𝑥#/, … , 𝑥#1 : genotype vector.  

We are generally interested in causal effects: 
the effect on 𝑦# of an experiment of modifying 
genotype of variant 𝑗 at conception.

Why might 𝑥#% be predictive but not causal?



This requires either:
1. Study a population where 𝒙# is randomly 

assigned.
– Experiments conducted with animals but not 

humans.
2. Include control variables 𝒛# such that 𝒙# is 

as good as random conditional on 𝒛#.
– Ideal: parents’ genotypes.
– Also ideal: family fixed effects.
– Not as good (why?): ethnicity.

For simplicity, we will omit conditioning on 
𝒛# in the derivation of the population model.



The Additive Genetic Component

Define the genetic factor as:
𝐺 𝒙# ≡ E 𝑦#|𝒙# − E 𝑦# .

We can always decompose 8𝑦# ≡ 𝑦# − E 𝑦# as:
8𝑦# = 𝐺 𝒙# + 𝜗#,

where E 𝜗#|𝒙# = 0.

(To keep the notation simpler, we drop the tilde 
on 𝑦# from now on.)



Often we will focus on just the “additive (linear) 
component” of 𝐺.

The best linear predictor is

BLP 8𝑦#|𝒙# ≡ 𝒙#𝜷 𝜷 = argmin
𝜷

E 𝑦# − 𝒙#𝜷 / .

Solution is the population regression function:
BLP 8𝑦#|𝒙# = 𝒙#𝜷,

where 𝜷 = 𝒙#B𝒙# C.𝒙#B 8𝑦#.



We can always decompose 𝐺 𝒙# as:
𝐺 𝒙# ≡ E 𝑦#|𝒙# − E 𝑦# =

E 𝑦#|𝒙# − BLP 𝑦#|𝒙# + BLP 𝑦#|𝒙# − E 𝑦#
≡ 𝑁 𝒙# + 𝐴 𝒙# ,

the sum of an Additive component and a 
Non-additive component, which are 
orthogonal (since 𝑁 𝒙# is a regression 
residual).

The population model can thus be written:
8𝑦# = 𝐴 𝒙# + 𝑁 𝒙# + 𝜗#,

where E 𝜗#|𝒙# = 0. The three components are 
mutually orthogonal.



The Non-Additive Component
𝑁 𝒙# can be further decomposed into two 
components:
• Dominance component 𝐷 𝒙# : non-linear 

effects of genotype at variant 𝑗 (i.e., different 
effect from 𝑥#% = 0 → 1 and 1 → 2).

• Epistatic components 𝐸 𝒙# : interactions 
between genotypes of two or more variants 
(often called “gene-gene interaction effects”).
– Many of these: AA, DD, AD, AAA, etc.

Dominance component defined even for a single 
variant.



The Additive Model
When we focus on the additive model:

8𝑦# = 𝐴 𝒙# + 𝑁 𝒙# + 𝜗#
= 𝐴 𝒙# + 𝜖#
= 𝒙#𝜷 + 𝜖#,

where 𝜖# ≡ 𝑁 𝒙# + 𝜗# has mean zero and is 
orthogonal to 𝐴 𝒙# .

Or, when we do not suppress the covariates:
8𝑦# = 𝒙#𝜷 + 𝒛#𝜸 + 𝜖#.



In the additive model, 𝜷 = 𝛽., 𝛽/, … , 𝛽1 is 
the vector of genetic effects.

Interpretation: 𝛽% is the average causal effect 
of a hypothetical experiment of modifying 
genotype of variant 𝑗 at conception.

– (A weighted average across individuals and 
genotypes in the population.)



In scalar notation:

8𝑦# = L
%M.

1

𝛽%𝑥#% + 𝜖#.

Will discuss various extensions throughout:
• Covariates (e.g., population structure)
• Dominance
• Epistasis (i.e., GxG interaction)
• GxE interaction
• G-E correlation
• Additional assumptions, such as HWE, and their 

violation (e.g., due to assortative mating)
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Topic 1: The Big Picture

• Potential payoffs for psychology and 
sociology (economics later).
– To motivate the tools we will discuss 

throughout the camp.
– To spur your imagination.

• Michelle Meyer’s talks: Ethical issues.
– Esp. important in social-science genomics:

•Historical misuse of applying genetics to behavior.
•High risk that findings are misinterpreted.
•Heightened IRB and privacy concerns.



8𝑦# = L
%M.

1

𝛽%𝑥#% + 𝜖#

• Main goal: estimate heritability 𝑎/ = Var PQ
Var RQ .

• Useful to understand because:
– Builds on same causal model.
– Estimates inform research with genomic data, 

e.g., upper bound for 𝑅/ of polygenic score.
– Benchmark for methods of estimating 𝑎/ from 

genomic data.

Topic 2: Behavior Genetics

𝐴#



Topic 3: Molecular Genetics

• Important to understand the basic biology:
– When modeling assumptions are reasonable 

approximations, and when they fail.
– Where the data comes from, and new data that 

will become available.
– Biological mechanisms through which genes 

matter for psychological characteristics and 
ultimately behavioral phenotypes.

– Environmental interactions with genetic 
mechanisms, especially gene expression and 
epigenetics.



Topic 4: Gene Discovery

8𝑦# = L
%M.

1

𝛽%𝑥#% + 𝜖#

• How do we identify which loci matter for a 
phenotype, i.e., estimate T𝛽%’s?

• Important to understand:
– To evaluate reliability of published results.
– The same key challenges apply to applications 

in social science:
•Power.
•Multiple hypothesis testing.
•Population stratification.



Topic 5: Exploiting Aggregate Info.

𝐴#

8𝑦# = L
%M.

1

𝛽%𝑥#% + 𝜖#

• Insight: Although individual loci have small 
effects, joint effects can be substantial.
– Polygenic score: Construct predictor T𝐴#.
– Genetic correlation: Correlation between 𝛽%’s 

for one phenotype and the 𝛽%’s for another.

– Partitioning: Are the 𝛽%’s larger for some types 
of loci than others?



Topic 6: Environmental Effects

𝐴#

8𝑦# = L
%M.

1

𝛽%𝑥#% + 𝜖#

• G-E correlation.

• GxE: How environmental factors modify 𝛽%, 
or modify the effect of 𝐴#.

• Mendelian randomization: Estimating the 
causal effect of an environmental factor.

• Epigenetics, functional genomics, and life-
course development.



Topic 7: Applications

• Go into detail on several applications.
• Explore some of your research ideas.
• Discuss what lies ahead in genomics 

research, and the most promising directions 
for social-science genomics.



Some Key Themes

• Empirical results are informative only if the 
analyses are well powered.

• Three central challenges:
– Power (because individual loci generally have 

small effects on behavioral phenotypes).
– Multiple hypothesis testing (because there are 

many loci).
– Population structure/stratification.

• Genetic effects probably often operate 
through environmental mechanisms.


