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In this module I give a few basics for working with latent variable 

models. 

 

An appropriate general citation for this material is 

Grace, J.B., Anderson, T.M., Olff, H., and Scheiner, S.M. 2010. On the 

specification of structural equation models for ecological systems. 

Ecological Monographs 80:67-87. 

 

Notes: IP-056512;  Support provided by the USGS Climate & Land 

Use R&D and Ecosystems Programs. I would like to acknowledge 

formal review of this material by Jesse Miller and Phil Hahn, 

University of Wisconsin. Many helpful informal comments have 

contributed to the final version of this presentation. The use of trade 

names is for descriptive purposes only and does not imply endorsement 

by the U.S. Government. Questions about this material can be sent to 

sem@usgs.gov. 

Last revised 15.09.11. 

 

  

 



How should we think about latent variables? 
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Some references that make key distinctions and provide diagnostic 

criteria. 
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Traditionally we use solid-line ovals for latent variables and rectangles 

for observed variables. 

Note that technically the error term is a latent variable, though we 

don’t always show it that way. 
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Causation is from latent to observed variables (typically). 
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The issue of measurement error and its effects is virtually ignored in 

most statistical training, though that is starting to change.  



7 

Error in measuring x is interpreted as error in predicting y.  



8 

Indicator reliability is a key concept. 
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It is useful to know  how to compute measurement error.  



Here is the model we are going to code in the next slide. 
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In lavaan, we can tell the program how much measurement error we 

think we have for our x variable and it can adjust the estimates of 

parameters accordingly. 
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The results are different now. 
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Here they are graphically. 
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Now, a very common application in latent variable modeling is the 

“multi-indicator” latent variable. Here I just show the causal situation 

being modeled.  



Now, here is a real example.  
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Here is our conceptual meta-model. Our example focuses on modeling 

“performance” as a generalize response, not one characterized by a 

single indicator. 
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Again, note the direction of cause and effect being specified 
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We ALWAYS need to look at the correlation structure of our data. 
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A first step is to analyze the “measurement model” using CFA. 
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Here is a common warning encountered. 
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Note poor fit. 
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Here is some code for selectively extracting modification indices. Note 

blue part is new addition to the slide. 
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Here I show the whole long list of stuff spit out by lavaan. We focus in 

on the largest mi. 
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Now we can include an error correlation/covariance as part of our 

model.  
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That was the basis for our discrepancy. 
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Now here are some of the results for the measurement model. While 

not definitive, the p-values suggest all the parameters in the model are 

importantly different from zero. It is rare that p-values this small are 

associated with ignorable relationships (except at very large sample 

sizes). 

 

 



27 

While this tutorial has focused on the modeling of performance as a 

general, latent factor, here I show more of the full ecological model, 

which includes the effects of genetic distance on performance and the 

effects of latitude as a predictor of specific leaf traits associated with 

ecotypic differentiation. For a more on this study, see 

 

Travis, S.E. and Grace, J.B. 2010. Predicting performance for 

ecological restoration: a case study using Spartina alterniflora. 

Ecological Applications 20:192-204.  

[selected as Recommended Reading by the Faculty of 1000: 

http://f1000biology.com/article/id/2305956/evaluation]  

[featured in a Research Brief by Conservation Maven: 

http://www.conservationmaven.com/frontpage/predicting-the-

performance-of-plant-restoration.html]  
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I hope this overview has been useful. For more information, go to our 

webpage or search for examples involving your subject of interest. 

Questions and comments can be sent to sem@usgs.gov. Please note I 

cannot guarantee responses to individual inquiries, but will try to 

incorporate suggestions in future tutorials. – Thanks! 
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