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Overview
• Introduction 

• Regression

• Advanced techniques 

• Propensity score analysis

• Latent class analysis

10 min BIO-BREAK

• Path models

• Cross-lagged models



Welcome!



By show of hands - How familiar are you with 

• Propensity Score Analysis? 

• Latent Class Analysis

• Path Analysis

• Cross-lagged Models

• Qualitative Data Analysis

Answer choices:

A. Not at all/I have read about it (e.g. in papers)

B. I have collaborated with others who have used it/I have used it myself



Steps in quantitative analysis

• Univariates

• Bivariates

• Regression

• What’s next?



Let’s use the c-word: CAUSATION

To show causation, i.e. X causes Y, 

3 conditions need to be satisfied

1) time precedence

2) relationship (implies that X and Y are variables)

3) non-spuriousness



The Gold Standard - RCT

• Randomized controlled trial

• Researchers manipulate the condition (i.e. the intervention) and 
control as much of the environment as possible

• Biggest benefit: if the sample size is large enough, it will balance 
participants on all measured AND unmeasured characteristics.

• Many times we do not have the “luxury” of conducting an RCT.



Propensity 
Score Analysis

When randomization is 
not an option.



Two heart surgeons walk into a room.  

The first surgeon says, “Man, I just finished my 100th heart 
surgery!”.  

The second surgeon replies, “Oh yeah, I finished my 100th heart 
surgery last week.  I bet I'm a better surgeon than you.  

How many of your patients died within 3 months of surgery?  Only 
10 of my patients died.”

First surgeon smugly responds, “Only 5 of mine died, so I must be 
the better surgeon.”

What do you think?



There may be important differences in patient/participant 
characteristics.

We want to show that the difference in outcome is due to our variable 
of interest and not due to other factors.

Comparing Apples and Oranges



What examples can you think of?

• Where can you not assign people into groups that you would like to 
compare but cannot randomize?

• Take 5 minutes to discuss with those around you and be prepared 
to share.



Propensity Score Analysis 
offers a solution



Propensity score analysis is “a class of statistical methods that has 
proven useful for evaluating treatment effects when using non-
experimental or observational data.”

It is used when treatment assignment is non-ignorable. 

It adjusts for selection bias, but does not solve the problem 
completely.

It can be used to reduce multidimensional covariates to a one-
dimensional score called a propensity score.

(Guo & Fraser, 2010)

.

What is propensity score analysis?



What is propensity score analysis?

Historically, propensity score analysis was developed for 
intervention research. 
However, the concept can be easily expanded to any group 
membership.

This is especially of interest when group membership cannot be 
assigned – for practical or ethical reasons.



“The propensity score is the conditional probability of assignment to 
a particular treatment given a vector of observed covariates.”

“The propensity score is a balancing score.”

Rosenbaum & Rubin (1983)

What is a propensity score?
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Example



Steps



1. Define treatment and control group.

2. Identify potential confounders.
Current convention: if uncertain whether a covariate is a 
confounder, include it into the model
Do NOT include your outcome into your model!

3. Estimate propensity score (PS) using logistic regression 
(binary assignment) 
OR a multinomial logit model for more than 2 
arms/multiple doses of treatment.

ln
𝑃𝑆

1 − 𝑃𝑆
= 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 +⋯+ 𝛽𝑝𝑋𝑝

Step 2: Propensity Score Estimation



How did Jennings et al. do this?

• Defining the groups:

• Experienced sexual abuse in 
childhood OR not

• Choosing propensity 
score covariates

• Based on prior research



Propensity score graphs



Now you have a propensity score – What next?

1. Propensity score matching

2. Inverse probability weighting using the propensity score

3. Stratification on the propensity score - historic

4. Covariate adjustment using the propensity score



Approach 1: Matching

General ides: Create a new sample of cases that share similar 
likelihoods of being assigned to the treatment condition

Necessary condition: sufficient overlap in propensity scores

There are MANY types of matching. Software packages can do this.

Some simple ones are:

Nearest Neighbor Matching Caliper & Radius Matching



What to do after matching?

• CHECK your matching 

• It can happen (when you don’t have/choose the right covariates) that the 
procedure creates more differences in the groups.

• Check your sample size: how much has it been reduced?

• Conduct your analyses on your matched data set just as you always 
do.

• Report results the same way.

• Emphasize in the discussion that estimates are adjusted for bias 
due to the covariates you included in your propensity score 
analysis.

• Consider sensitivity analyses 







Mantra 1: 
Conduct Sensitivity 

Analyses



A sensitivity analysis asks specifically:

• How would inferences about treatment effects change by hidden 
biases of various magnitudes?

• How large would these differences have to be to change the 
conclusion of the study?

From a statistical point of view:

• How robust are the results of the model?

Sensitivity analysis cannot indicate what biases may be present;
It can only indicate the magnitude needed to alter the conclusion.

Sensitivity analysis



Another example – Lancet abstract



Approach 2: Inverse Probability Weights

• Each participant gets a weight assigned based on their probability 
of being in the treatment group

• Calculate the inverse of the propensity score

• Use as a weight in subsequent analyses as you would when using 
complex data

• If you have already weights in your dataset, multiply existing 
weights by propensity score weights



Approach 3: Stratification using propensity scores

• First approach proposed by Rosenbaum & Rubin (1984)

• Analyzing in quintiles eliminates 90% of bias 

• Calculate effects for each quintile

• Calculate weighted averages and pooled estimates for variances



Approach 4: Covariate adjustment using the 
propensity score 

• Is as simple as it sounds: Take the propensity score and use it as a 
covariate

• Very little literature exists on how well this works

• I would not do this even if it seems to be the easiest way ….



Ideas?

TAKE SOME TIME AND DISCUSS WITH THOSE AROUND YOU WHAT IDEAS 
THIS PART OF THE WORKSHOP HAS SPARKED.

REPORT BACK TO THE WHOLE GROUP



Software

• You can use any software package to determine the propensity 
scores using logistic regression

• Need to save those results

• If using propensity scores as weights, you need to use routines that 
allow you to do that – but most packages can do this now

• Matching packages are available for most software packages –
Google is your friend



Literature
• Austin, P. C. (2011). An introduction to propensity score methods for reducing 

the effects of confounding in observational studies. Multivariate behavioral 
research, 46(3), 399-424.

• Guo, S., & Fraser, M. W. (2014). Propensity score analysis (Vol. 12). Sage.



Latent Class 
Analysis

Going beyond 
demographics etc.       
to identify groups



What if we have a distribution like this?



Bimodal and multimodal distributions
Fancy speak for: different sub-groups are different on the construct we 
are interested in.

Two scenarios:
1. We know how to categorize participants, e.g.

a) Gender
b) Place, e.g. country
c) Mental health status, e.g. depressed/not depressed

2. We don’t know how to group people, but we do have a hunch…
a) E.g. that certain behavior patterns show up, e.g. IPV domains
b) E.g. that certain characteristics show up together, e.g. 

Intersectionality dimensions

Scenario 2 offers the possibility to do Latent Class Analysis (LCA)



What is LCA?

LCA is a statistical method used to identify 
unmeasured class membership using 
categorical and/or continuous observed 
“indicator” variables.

LCA is an example of mixture modeling.
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Example 



The model is selected using fit indices 
and likelihood ratio tests.





Post LCA research aims - Choi

• How are psychosocial factors related to class membership?

• How does class membership relate to distal outcomes (anxiety, 
depressive symptoms, hostility)?

• What role does class membership play as a moderator between 
psychosocial factors and distal outcomes?



How are psychosocial factors related to class 
membership?



Ideas for using LCA
GENERATE AND DISCUSS POSSIBLE APPLICATIONS OF LATENT 
CLASS ANALYSIS WITH OTHERS AROUND YOU FOR 10 MINUTES 

AND BE PREPARED TO SHARE AT THE END.



Resources: 
The Methodology Center

https://methodology.psu.edu/



A bit of How-To

Starting with good hypotheses is very 
helpful.

The patterns don’t always emerge 
cleanly.

The Methodology Center at Penn State 
is a great resource:

https://methodology.psu.edu/ra/lca

• SAS macro

• Stata Plugin

• SPSS – has no capability

• R has several packages

• Mplus has the most extensive 
capabilities

• Sample size depends on the number 
of indicators

• A few hundred is usually enough

https://methodology.psu.edu/ra/lca


Mantra 2: 

Advanced Data Analysis is an Art

 Advanced Data Analysis needs to 
be Theory-Driven



Time for a quick bio-break
Please be back in 10 min.



Path models

“Mediation on
Steroids”



What is Structural Equation Modeling (SEM)?

Structural Equation Modeling (SEM) is a family of 
statistical techniques that builds upon multiple regression 
as an extension of the General Linear Model. 

Goals of SEM:

To understand the patterns of correlation (variance-covariance) 
among a set of variables, and

To explain as much variance in these correlations and variables 
in the theory as specified.



What is SEM?

Types of SEM:

Measured variable path analysis – OUR FOCUS TODAY

 Confirmatory factor analysis (incl. MIMIC models)

 Latent variable path analysis, aka structured regression models

 Latent growth models

Multilevel SEM 

With much more being added almost by the day



Path analysis vs. SEM

• Path analysis is a special case of SEM

• Path analysis contains only observed variables 

• Path analysis assumes that all variables are measured without 
error (as does regression)

• SEM uses latent variables to account for measurement error 

• Path analysis has a more restrictive set of assumptions than SEM 
(e.g. no correlation between the error terms)



The Origin of SEM
• Swell Wright, a geneticist in 1920s, attempted to solve 

simultaneous equations to disentangle genetic influences across 
generations (“path analysis”)

• Gained popularity in 1960, when Blalock, Duncan, and others 
introduced them to social science (e.g. status attainment processes)

• The development of general linear models by Joreskog and others 
in 1970s (“LISREL”models, i.e. linear structural relations)

• Computational advances (e.g. missing data and different 
distributions) and implementation in standard software packages 
have allowed for more researchers to use SEM in the past 5-10 
years



Some general words about SEM
• SEM can be seen as an antidote against the over-reliance on 

statistical tests of individual hypotheses

• Correct use of SEM requires strong knowledge about measurement
Less of that is needed for path analysis

• SEM has become quite popular but many published manuscripts 
lack quality (McCallum & Austin, 2000, Shah & Goldstein, 2006)



Let’s look at some path 
diagrams



Path diagram for a multiple regression model
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𝑌 = 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2 + 𝑏3𝑋3 + 𝑏4𝑋4 + 𝑒𝑦



Mediation
“a given variable may be said to function as a mediator 
to the extent that it accounts for the relation between the 
predictor and the criterion. Mediators explain…” (Baron 
& Kenny, 1986, p. 1176)

In a mediation model there is a causal chain.  

Within this chain is the direct effect (between the predictor and outcome), as well 
as the indirect effect (through the mediator from the predictor to the outcome).  

Independent 
Variable

Outcome 
Variable

Mediator

a

c’

b



Useful Terminology

 Exogenous variable:  a variable that is not caused by another variable within the 
model

 Endogenous variable: a variable that is caused by one or more variables in the 
model

 Standardized variable: a variable whose mean is zero and variance is one

 Structural model: a set of structural equations

 Path diagram: pictorial representation of a structural model

 Structural coefficient: the measure of the amount of change the in effect 
variable expected given a one unit change in the causal variable (holding all other 
variables constant)

 Disturbance: set of unspecified causes of the effect variable (analogous to error or 
residual); each endogenous variable has a disturbance



But that’s not how the 
world works…

USUALLY, THERE ARE 
MULTIPLE PROCESSES AT 

WORK











Thoughts? Questions? Comments?







Some how-to of path 
analysis



Time for Another Mantra 
(#3)

DATA QUALITY 
TRUMPS QUANTITY



Software
• SAS is fairly useless/painful

• SPSS has an add-on package – AMOS – that is capable of simple analyses

• Stata is getting better with each version – demonstration coming up

• R is getting much better

• Mplus is the gold standard

• There are other specialty packages (e.g. LISREL) that I have not used in years. 
All are expanding capabilities quickly.



1. Model 

specification

2. Model 

identified?

4a. Model fit 

adequate?

3. Select 

measures, collect 

data

4b. Interpret estimates

4c. Consider 

equivalent models or 

near-equivalent models

6. Report results

5. Model 

respecification

no

yes

yes

no

Steps in 
SEM



Fit index Good fit

Chi-squared 

(model vs. saturated)

p > .05

RMSEA <.08 reasonable fit

<.05 good fit

CFI > .90 or >.95

TLI > .95

SRMR <.08

Overview model fit indices  



In groups, discuss ideas for path analyses in your research.
Share with everybody.



Cross-lagged 
models

Tackling the chicken 
and egg problems



What are examples of chicken & egg problems in 
violence research?

From my research:

Do people who eat healthier buy more fruit OR do those 
who buy more fruit eat healthier?

Are people who quit smoking more likely to have a smoke-
free home OR are those who have a smoke-free home more 
likely to quit smoking?



IPV Victimization and Suicidality: What Comes First?





Why cross-lagged models?

• Focus on Temporality!!!

• Models account for auto-correlation: many processes are 
fairly stable across time

• Allows to investigate chicken and egg problems
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Questions to ask yourself

• What is a meaningful lapse in time?

• What are co-occurring processes?

• Do you expect the same changes/processes for all 
participants?



Last Mantra for Today
(#4)

GOOD SOCIAL SCIENCE 
IS TEAM SCIENCE







Some how-to

• Any software that can handle path models can also handle cross-
lagged models

• Many cross-lagged models are saturate (i.e. no degrees of freedom) 
which makes traditional model fit indices useless

• Assess standardized coefficients

• Keep sample sizes in mind when interpreting the coefficients; what 
is a meaningful amount of impact



Ideas?

TAKE SOME TIME AND DISCUSS WITH THOSE AROUND YOU 
WHAT IDEAS THIS PART OF THE WORKSHOP HAS SPARKED.

SHARE WITH THE WHOLE GROUP



Stay in 
touch!
Regine.Haardoerfer@Emory.edu


