
Appendix A 
 

Mean and Variance Expectations of LDS Models 
 

Notation. 
µ0   = Intercept mean  µs   = Slope mean 
α    = Slope loading   β    = Auto-proportion  γ    = Coupling  
σ0

2 = Intercept variance  σs
2 = Slope variance  σe

2 = Residual variance 
σ0,s = Intercept-slope covariance 
 
A. 1. Mean (M) and Variance (V) Expectations for a LDS Univariate Model (T = 4) 
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Most notably, when the auto-proportion coefficient (β) takes negative values, the variance can 
decrease over time.  
 
Given estimates from model 

µ0 = 0.101, µs = 0.875, α = 1.0 (fixed), β = -.228, σ0
2 = 1.0, σs

2 = .023, σe
2 = .074, σ0,s = .108, the 

predicted values for means and variances across the four occasions are: 
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And given same model estimates for T = 12 (as in the data), the predicted values for means and 
variances across the four occasions are: 
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In the bivariate case (i.e., Reading – Full model reported in the manuscript), the predicted means 
and variances for Reading generated by these expectations were 
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and the sample statistics (i.e., observed means and variances across the 12 data points) to which 
the model was fitted were 
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which led to the following residuals (observed minus expected) 
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These residuals indicate that the model was able to capture the pattern of increasing means and 
decreasing variances over time quite well. 



A. 2. Mean and Variance Expectations for a LDS Bivariate Model (T = 4; Variable Y, similar for 
variable X) 
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Given estimates from model 

µy0   = 0.032   µx0   = 0.015 
µys   = 1.005   µxs   = 0.810 
αy    = 1.0 (fixed)  αx    = 1.0 (fixed) 
βy    = -0.408   βx    = -0.202 
γy    = 0.087   γx    = 0.229 
σy0

2 = 1.10   σx0
2 = 0.944 

σys
2 = 0.051   σxs

2 = 0.031 
σey

2 = 0.069   σex
2 = 0.176 

σy0,ys = 0.165   σx0,xs = 0.091 
 
σy0,x0 = 0.602 
σy0,xs = -0.006 
σys,x0 = 0.089 
σys,xs = -0.010 
 
the predicted values for means and variances across the four occasions for Reading and Full 
Cognition (i.e., variables Y and X, respectively) are: 
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These predicted values show that this bivariate LDS model can capture the pattern of increasing 
means (for both variables) over time quite well. Moreover, it can also capture the reverse pattern 
of variances over time for both variables: decreasing for Reading and increasing for Full 
Cognition. 
 
 
 


