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This material is covered in 

Grace, J.B. 2006. Structural Equation Modeling and Natural Systems. 

Cambridge University Press 

 

The example presented is adapted from 

Matteson, K.C., Grace, J.B., and Minor, E.S. 2012. Direct and indirect 

effects of land use on floral resources and flower-visiting insects across 

an urban landscape. Oikos 122:682-694.  

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.  

Last revised 17.02.08. 

Source: https://www.usgs.gov/centers/wetland-and-aquatic-research-

center/science/quantitative-analysis-using-structural-equation 
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The example is from a study of urban pollinating insects and their 

dependence on floral resources. 
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The standard 2-step method for evaluating SE models with LVs having 

multiple indicators is done in 2 steps. First, you must evaluate the 

measurement part of the hypothesis. To do this, you allow all LVs to 

freely intercorrelate (they are exogenous in a CFA usually, so this 

happens automatically in lavaan).  



Here is a further description of the usual 2-step modeling evaluation. 
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I went ahead and reverse-coded two indicators that are negatively 

correlated, which is generally good practice for multi-indicator latent 

variable models. I don’t actually end up using the reflected measures in 

this case, but generally it is a good idea because it makes convergence 

easier for the algorithms. 
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Model specification is straightforward (assuming you have already 

looked at the module on Modeling with Latent Variables.  
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Very important to look at the patterns of correlations in the data to see 

if they match conceptual expectations (on next slide).  



I see some indications of complexities in the measurement hypothesis. 

For example, floral gap stands out among indicators for floral 

pollinators. Generally, discriminant validity looks pretty good (except 

for the problems created by floral gap). 
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This slide presents some general thoughts about negative indicator 

variances, which are known in the SEM literature as “Haywood 

Cases”.  
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Of course we always look for missing linkages first. 
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Since at least one indicator for each LV is set by lavaan to a loading of 

1.0, those values are fixed and not estimated. 
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Standard practice in SEM software output is to simply state 

“Variances” when referring to the “Error Variances”.  



Let’s try to resolve the model so we can retain this indicator. 
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For additional information in fit measures, refer to the tutorial on 

Model Evaluation. 
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Interpreting modification indices for CFA models is like reading tea 

leaves. One needs to let theoretical thinking carry a lot of weight. It 

looks like there are many missing connections. As will be shown in the 

rest of the tutorial, once we include the logically obvious error 

correlation between FloralRich and FloralAbund, nearly all the others 

disappear! The lesson is you must let theory guide your thinking here. 
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A cross loading is where we choose to interpret the indicator from 

another factor (LV) to become part of the measurement instrument. 

Some of these MIs are very large, but it is best to ignore them because 

there is no strong conceptual basis for saying, for example, that Floral 

Gap is a measure of Pollinator Abundance. 
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Causal modeling requires one to stay flexible in model specification 

and true to causal modeling logic. 
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It is well known that the number of species found in a small plot or 

sample is strongly dependent on the number of plants counted in that 

plot. Species accumulate as you count individuals. So, there is a very 

strong basis for thinking these two indicators of Floral Resources will 

be tightly linked, while distance between plant patches is somewhat 

less tied to the others. 
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This radical reduction in MI values resulting from the one link added is 

common when working with CFA models.  
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This level of absolute fit is excellent for such models and a sample size 

this big (i.e., this much statistical power). 
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Demonstration of this procedure is planned for another module. 
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Here are some more results. 
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And a bit more results. 


