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Overview

» The semantics of fixed, random, and mixed
effects models across fields

« Multilevel data structures
« How you fix the problems

» Building a model around your hypotheses vs your
data



Semantics

But the terms “fixed”” and “random’ mean very
different but very specific things to different people



Semantics

The definitions tend to proliferate as people seem
to misuse the terms and make up their own
definitions from time to time



Semantics

Fixed effects: a type of model using only within
group variability to estimate model parameters



Semantics

Fixed effects: variables that do not vary randomly
across groups



Semantics

Fixed effects: coefficients on within group varying
variables



Semantics

Fixed effects: dummy variables used to remove
between group variability



Semantics

Random effects: a latent variable made up of the
expected values of Y based on group membership



Semantics

Random effects: any variable that is allowed to vary
across groups within a model



Semantics

Random effects: the variance around the model
intercept when that intercept is allowed to vary
across groups



Semantics

Random effects: the variance around any variable
that is that is allowed to vary across groups within
a model



Semantics

Random effects: a class of models where you allow
some parameters to vary across groups (random
intercept models, random slope models)



Semantics

Random effects: a type of model that causes
endogeneity and is basically evil



Semantics

Mixed effects: a type of model that has both random
effects and fixed effects



Semantics

So if someone says fixed & random effects they mean:
= a variable

= a coefficient

= the variance on a coefficient

- multiple variables

- multiple coefficients

- multiple variances around multiple coefficients

= a specific model

= or an entire class of models



Semantics

For our purposes a fixed or random effect will refer to an
estimated parameter in a model like an intercept, beta
coefficient, or random intercept

Fixed or Random Effects models are very specific types of
models that do not include all models with fixed or
random parameters in them



Semantics

Pretty straightforward, right?



Data Structures

Most data within the social and behavioral
sciences are clustered



Data Structures

Countries/states/counties/firms/people over time
People under the same government

People who interact with one another

People exposed to the same kind of stimulus

People with similar lived experiences



Data Structures

Most of this we can handle easily enough with
independent variables



Data Structures

Basic statistical models assume that, conditional
on covariates, observations are independent



Data Structures

When your independent variables don’t explain all
of the correlation across individuals you have a
non-iid data structure



Data Structures

Multilevel or mixed effects data structures are one
of the most common ways to think about this



Data Structures

Why should you care at all about this?



Data Structures

There are three very distinct problems that can happen



Data Structures

1) Omitted variable bias messing with the standard errors

2) Omitted variable bias confounding X at different levels of analysis
because you only have it measured at one level

3) Omitted variable bias from the fact that the effect of X is
inconsistent across/interactive with groups because you don’t have
interactions

Both 2 & 3 are just called endogeneity bias by economists



Data Structures

Your standard errors are probably wrong



Data Structures

Your coefficients are probably wrong



Data Structures

You probably don’t have the right variables in your model



Data Structures

You probably aren’t even testing your hypotheses



Data Structures

Questions?



How you fix 1t

You have five basic options of equations with various bells and
whistles on them in the literature(s)



How you fix 1t

Different solutions exist depending on which
problem(s) you have



How you fix 1t

Standard errors are easy to fix



How you fix 1t

» Hubert-White Cluster Robust Standard Errors
» Cluster Bootstrapped/Jackknifed Standard Errors

» Including a random effect in the model



How you fix 1t

Problems 2 and 3 are more complicated



How you fix 1t

Multilevel data structures mean that you have
variability within groups and between groups and
each type of variation needs to be modeled directly



How you fix 1t

You deal with this by decomposing the within
group variability and the between group
variability into either multiple error terms, sets
of related independent variables, or both



How you fix 1t

Y= a+ B(X;) + €

A Classical Linear Regression Model



How you fix 1t

The within the model

Yi: = (Xl) S

A Classical Linear Regression Model



How you fix 1t

Y= a+ B(X) +BU1) +BU2) +B(Jg-1) + £

Economists: A Fixed Effects Model
Statisticians: Very Inefficient
Psychologists: o_O



How you fix 1t

The within the model

Y= a+ B(X)+BU) +BU) + - B(Jg-1) + £
Economists: A Fixed Effects Model
Statisticians: Very Inefficient

Psychologists: o_O



How you fix 1t

Economists: A Random Effects Mode]

Statisticians: A Random Intercept Model

|

Psychologists: A Random Intercept Model



How you fix 1t

The within the model
The random effects within the model

Economusts: A Random Effects Model
Statisticians: A Random Intercept Model
Psychologists: A Random Intercept Model



How you fix 1t

Yi= a+ B(X;j— X)) +BX;+ p+¢

Economusts: A Mundlak Device
Psychologists: Group Mean Centering

Statisticians: Group Mean Centering



How you fix 1t

The within the model
The random effects within the model

Economusts: A Mundlak Device
Psychologists: Group Mean Centering

Statisticians: Group Mean Centering



How you fix 1t

¥iv ot PO X)) Tt B =X EEte

Economusts: Witchcraft
Psychologists: Grand Mean Centering
Statisticians: Grand Mean Centering



How you fix 1t

The within the model

The random effects within the model

Economuists: Witchcraft
Psychologists: Grand Mean Centering

Statisticians: Grand Mean Centering



How you fix 1t

Yii= a+ B(X; — _,-) - ﬁ)_(j + u+puX;) + &

Everyone: A Random Coefficients Model
Everyone: A Random Slopes Model



How you fix 1t

The within the model
The random effects within the model

<
|

= o+ (X,-]-—_]-)+ )_(,-+ n+ u(Xy;) + ¢

Everyone: A Random Coefficients Model
Everyone: A Random Slopes Model



How you fix 1t

Briefly recapping

» Fixed effects models (dummy variables)

- Random effects models (just the RE)

» Multilevel Models vl (A Mundlak set up)

» Multilevel Models v2 (grand mean centering)

» Random coefficients (interactive multilevel
models)



How you fix 1t

Briefly recapping some more
» Decomposing your error term (all but FE model)

» Decomposing your independent variables (all but
RE model)

= Interacting your decomposed variables and
decomposed error term (RC model)



How you fix 1t

Each of these is providing some type of solution for
omitted variable bias by including measures for the
grouping structure



How you fix 1t

Your choice is based on your hypotheses and your
data



Use Fixed Effects

Hypothesis Considerations:

1) You only care about within group variability
and not between group variability

2) You care about comparing specific groups



Use Fixed Effects

Your hypotheses are about within person change over
time or average within group effects controlling for
average group differences



Use Fixed Effects

This is what you are looking for in simple
treatment evaluation studies and is why fixed

effects estimators are usually taught in the context
of causal inference



Use Fixed Effects

Data Considerations:
1) You don’t have many groups

2) You can’t figure out how to specify the right kind of
model with random effects

3) You would otherwise need to use a bunch of random
coefficients and the model isn’t computationally
stable



Use Random Eftects

Hypothesis Considerations:

1) If you have hypotheses about group level
variables that are time or group invariant



A Model from Theory

Gender and race (in panel data)

Group characteristics like a country’s region or
GDP (in cross-sectional data)



Use Random Eftects

Data Considerations:

1) You have no correlation between independent
variables and the random effect

2) You are running a nonlinear maximum
likelihood model and want to be careful



Use a Mundlak device

Hypothesis Considerations:

1) You care about understanding
contextual effects
group level variables
within group effects

cross-level effects



Use a Mundlak Device

Data Considerations:

1) You want to do a Fixed Effects Model but you
have a (very) nonlinear outcome

2) You don’t have much within group variability

3) You plan to use random coefficients



Use Random Coetticients

Hypothesis Considerations:

1) You care about understanding how the effect of
an independent variable varies across groups



Use Random Coetticients

Pretty much anytime you want to understand
context effects



Use Random Coetticients

Data Considerations:

1) The Mundlak device still isn’t getting you
unbiased within group coefficients

a) And it’s either a nonlinear model or you care
about group/time invariant variables



Use Random Coetticients

You want to know how people are different across
different contexts
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