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The Repeated Measures Parametric Analysis module in SilveR is available from the 

Statistics drop-down menu entitled “Repeated Measures Parametric Analysis”. The 

user interface is: 

 

 
 

The Repeated Measures Parametric Analysis module performs a Linear Mixed Model 

analysis. It should be used when the animals have been measured repeatedly. This 

module allows the user to fit multiple treatment (factorial) factors, other design 

(blocks) factors and a single covariate. All interactions involving the treatment factors 

are included in the statistical model but no interactions involving the blocking factors 

are included. 

 

 

1 Setting up the model 

 

Once the dataset has been opened, the user can select the variables for the analysis by 

dragging and dropping them from the “Available variables” list into the “Response”, 

“Treatments (factorial)”, “Other design (blocks)”, “Covariate”, “Repeated” and 

“Subject” boxes. 



SilveR User Guides – Repeated Measures Parametric Analysis 
Version 1.1 February 2011 

 

Page 2 of 10 

 
 

Once selected, the user has the option of applying a transformation to the response, 

either log10, loge, square root, arcsine or rank. If selected, the covariate will be 

transformed using the same transformation applied to the response variable, unless 

otherwise specified by the user. 

 

If a covariate is selected, then the user has the option of selecting the “Primary 

factor”. This factor is used to categorise the scatterplot (produced in the output). The 

Primary factor should be one of the factors of interest to the experimenter. 

 

 
 

Finally the user can select a covariance structure to model the within animal 

observations. The default is the compound symmetric structure (all observations 

within animal are equally correlated regardless of the “distance” apart). Other options 

include autoregressive (recommended if the time points are equally spaced) or 

unstructured (recommended if the sample size is not too small). 

 
 

 

2 Selecting the analysis options 

 

There are several results from the General Linear Mixed Model analysis that are 

available to the user. These are selected before running the analysis. These include the 

overall tests: 
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1) Overall tests of model effects 

Produces overall tests of the effects of the factors and also any interactions present in 

the statistical model. 

 

2) Predicted vs. residuals plot 

Allows the user to check the variance assumption of the parametric analysis. 

 

3) Normal probability plot 

Allows the user to check the normality assumption of the parametric analysis. 

 

4) Least square (predicted) means 

The repeated measures module produces a plot of the predicted means and confidence 

limits of either the treatment factor levels over time (if only a single treatment factor 

is selected) or the levels of the highest order factorial treatment interaction over time 

(for multiple treatment factors). 

 

5) Significance level 

The default is 5%, although this can be changed. 

 

The user then has various options available: 

 

 
 

6) Selected effect 

This is the effect that the user is interested in comparing the levels of. Any treatment 

factor (over time), or treatment factor interaction (over time) effect may be selected.  

 

7) All pairwise tests 

Produces all pairwise comparisons between the levels of the Selected effect at each 

time point. The user can either select all possible pairwise tests, or limit the output to 

consist of only the “within time” comparisons. 

 

 



SilveR User Guides – Repeated Measures Parametric Analysis 
Version 1.1 February 2011 

 

Page 4 of 10 

3 Output Results 

 

Response, covariance structure and covariate 

SilveR identifies the response being analysed, the covariance structure used and also 

the covariate (if one is selected). This section also describes any transformations that 

have been applied.  

 

Categorised case profile of the raw data 

SilveR produces a categorised case profile of the raw data (see graphics module). The 

plot is categorised by either the treatment factor (if only one is selected) or the levels 

of the highest order treatment interaction (if multiple treatment factors are selected). 

This plot should be used to identify possible outliers. 

 

Covariate plot of the raw data 

When fitting a covariate in a statistical analysis, certain assumptions are made. This 

plot allows the user to test these assumptions. Underneath the plot is a list of the 

additional assumptions being made and also advice on how the plot can be used to test 

them. The scatterplot is categorised by the Primary factor at each level of the repeated 

factor. 

 

Overall table of effects 

The ANOVA-style table gives tests of the overall effects of the factors and any 

interactions present. Below the table any statistically significant effects are listed. 

 

Diagnostic plots 

If requested SilveR produces the predicted vs. residuals plot and the normal 

probability plot. The residuals plotted on the predicted vs. residuals plot are the 

Standardized residuals as these can provide a test for outliers. Any observation with a 

residual greater (or less than) 3 could be considered an outlier.  

 

Plot of the predicted means 

SilveR produces a plot and table of the predicted means of either the treatment factor 

(if only one treatment is included in the statistical model) or the highest order 

interaction (if multiple treatment factors are selected). Also included are confidence 

intervals around the means.  

 

All pairwise tests 

SilveR produces a table of all pairwise comparisons between the levels of the Selected 

effect over time. As well as the size of the difference between the predicted means, 

SilveR also provides p-values to test the significance of these effects. A list of 

statistically significant comparisons is given below the table. 

 

References 

Finally a list of references for the methods applied in the analysis is given.   
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4 Sample output 

SilveR Repeated Measures Parametric Analysis 

Response, covariate and covariance structure 

The Response response is currently being analysed by the Repeated Measures Parametric Analysis 

module, with Covariate fitted as a covariate.  

The Linear Mixed Model analysis is using the compound symmetric covariance structure to model the 

within animal correlations. When using this structure you are assuming sphericity and also that the 

variability of responses is the same at each level of Day, see Pinherio and Bates (2002). These 

assumptions may not be valid in practice.  

   

Categorised case profiles plot of the raw data 

 

Tip: Use this plot to identify possible outlier (animals and individual observations) and decide on 

suitable summary measures.  
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Covariate plot of the raw data 

 

Tip: Is it worth fitting the covariate? You should consider the following:  

a) Is there a relationship between the response and the covariate?... It is only worth fitting the covariate 

if there is a strong positive (or negative) relationship between them. The lines on the plot should not be 

horizontal.  

b) Is the relationship similar for all treatments?... The lines on the plot should be approximately 

parallel.  

c) Is the covariate influenced by the treatment?... We assume the covariate is not influenced by the 

treatment so there should be no separation of the treatment groups along the x-axis on the plot.  

These issues are discussed in more detail in Morris (1999).  

   

Overall tests of model effects 

   numDF  denDF  F-value  p-value 

Covariate 1 206 4.94 0.0273 

Treatment 1 2 69 1.62 0.2057 

Day 3 206 2.83 0.0393 

Treatment 1:Day 6 206 1.22 0.2995 
 

 

 

Comment: The overall tests in this table are likelihood ratio tests.  

Conclusion: At the 5% level there is a statistically significant overall difference between the levels of 

Covariate, Day.  

Tip: While it is a good idea to consider the overall tests in the above table, we should not rely on them 

when deciding whether or not to make pairwise comparisons between the factor levels.  
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Diagnostic plots 

 

Tip: On this plot look to see if the spread of the points increases as the predicted values increase. If so 

the response may need transforming.  

Tip: Any observation with a studentized residual less than -3 or greater than 3 (SD) should be 

investigated as a possible outlier.  

Comment: The residuals at level i are obtained by subtracting the fitted levels at that level from the 

response vector and dividing by the estimated within-group standard error.  
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Tip: Check that the points lie along the dotted line. If not then the data may be non-normally 

distributed.  

   

Plot of the predicted means with 95% confidence intervals 

 
 

Table of the predicted means with 95% confidence intervals 

 

   Mean  Lower 95% CI  Upper 95% CI 

Level 
   

A D1 0.55 0.43 0.66 

A D2 0.57 0.45 0.69 

A D3 0.43 0.31 0.54 

A D4 0.56 0.45 0.68 

B D1 0.51 0.39 0.62 

B D2 0.39 0.28 0.51 

B D3 0.44 0.32 0.55 

B D4 0.54 0.43 0.66 

C D1 0.68 0.56 0.79 

C D2 0.46 0.35 0.58 

C D3 0.47 0.35 0.59 

C D4 0.49 0.38 0.61 
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Pairwise comparisons within the levels of the repeated factor, without 
adjustment for multiplicity 

   Difference  Lower 95% CI  Upper 95% CI  SEM  p-value  

Comparison 
     

D1 : B vs. A -0.04 -0.20 0.12 0.083 0.612 

D1 : C vs. A 0.13 -0.04 0.29 0.083 0.124 

D2 : B vs. A -0.18 -0.34 -0.02 0.083 0.032 

D2 : C vs. A -0.11 -0.27 0.06 0.083 0.203 

D3 : B vs. A 0.01 -0.15 0.17 0.083 0.908 

D3 : C vs. A 0.04 -0.12 0.20 0.083 0.624 

D4 : B vs. A -0.02 -0.18 0.14 0.083 0.789 

D4 : C vs. A -0.07 -0.23 0.09 0.083 0.391 

D1 : C vs. B 0.17 0.01 0.33 0.083 0.041 

D2 : C vs. B 0.07 -0.09 0.24 0.083 0.376 

D3 : C vs. B 0.03 -0.13 0.19 0.083 0.707 

D4 : C vs. B -0.05 -0.21 0.11 0.083 0.554 
 

 

Warning: As these tests are not adjusted for multiplicity there is a risk of false positive results. Only 

use the pairwise tests you planned to make a-priori, these are the so called Planned Comparisons, see 

Snedecor and Cochran (1989). No options are available in this module to make multiple comparison 

adjustments. If you wish to apply a multiple comparison adjustment to these results then use the p-

value adjustment module.  

Conclusion: The following pairwise tests are statistically significantly different at the 5% level: D2 : B 

vs. A, D1 : C vs. B.  

   

Analysis description 

The data were analysed using a 2-way repeated measures Linear Mixed Model approach, with 

treatment factor Treatment 1, repeated factor Day and Covariate as the covariate.  

The compound symmetric covariance structure is used to model the within animal correlations. This 

makes the assumption that the variability of the responses is the same at each level of Day and the 

correlation between responses from any pair of levels of Day is the same.  

A full description of Linear Mixed Model theory, including information on the R nlme package used by 

SilveR, can be found in Venables and Ripley (2003) and Pinherio and Bates (2002).  

   

Statistical references 

Morris TR. (1999). Experimental Design and Analysis in Animal Sciences. CABI publishing. 

Wallingford, Oxon (UK).  

 

Pinherio JC and Bates DM. (2000). Mixed Effects Models in S and S-Plus. Springer-Verlag. New 

York, Inc.  
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Snedecor GW and Cochran WG. (1989). Statistical Methods. 8th edition; Iowa State University Press, 

Iowa, USA.  

Venables WN and Ripley BD. (2003). Modern Applied Statistics with S. 4th Edition; Springer. New 

York, Inc.  

   

R references 

R Development Core Team (2008). R: A language and environment for statistical computing. R 

Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL 

http://www.R-project.org.  

 

Alan Genz, Frank Bretz, Torsten Hothorn with contributions by Tetsuhisa Miwa, Xuefei Mi, Friedrich 

Leisch and Fabian Scheipl (2008). mvtnorm: Multivariate Normal and t Distributions. R package 

version 0.9-0.  

 

Deepayan Sarkar (2009). lattice: Lattice Graphics. R package version 0.17-22. 

http://CRAN.R-project.org/package=lattice  

 

Gregory R. Warnes. Includes R source code and/or documentation contributed by (in alphabetical 

order): Ben Bolker, Lodewijk Bonebakker, Robert Gentleman, Wolfgang Huber, Andy Liaw, Thomas 

Lumley, Martin Maechler, Arni Magnusson, Steffen Moeller, Marc Schwartz and Bill Venables (2009). 

gplots: Various R programming tools for plotting data. R package version 2.7.1. 

http://CRAN.R-project.org/package=gplots  

 

Gregory R. Warnes. Includes R source code and/or documentation contributed by Ben Bolker and 

Thomas Lumley (2009). gtools: Various R programming tools. R package version 2.6.1. 

http://CRAN.R-project.org/package=gtools  

 

Gregory R. Warnes, Gregor Gorjanc. Includes R source code and/or documentation contributed by Ben 

Bolker and Thomas Lumley. (2008). gdata: Various R programming tools for data manipulation. R 

package version 2.4.2.  

 

Jarek Tuszynski (2008). caTools: Tools: moving window statistics, GIF, Base64, ROC AUC, etc.. R 

package version 1.9.  

 

Jose Pinheiro, Douglas Bates, Saikat DebRoy, Deepayan Sarkar and the R Core team (2008). nlme: 

Linear and Nonlinear Mixed Effects Models. R package version 3.1-90.  

 

Lecoutre, Eric (2003). The R2HTML Package. R News, Vol 3. N. 3, Vienna, Austria.  

Max Kuhn, contributions from Steve Weston, Jed Wing and James Forester (2009). contrast: A 

collection of contrast methods. R package version 0.9.  

 

S original by Steve Dutky initial R port, extensions by Martin Maechler. revised and modified by Steve 

Dutky (2009). bitops: Functions for Bitwise operations. R package version 1.0-4.1.  

 

Terry Therneau and original R port by Thomas Lumley (2009). survival: Survival analysis, including 

penalised likelihood.. R package version 2.35-4. http://CRAN.R-project.org/package=survival  

 

Torsten Hothorn, Frank Bretz and Peter Westfall with contributions by Richard M. Heiberger (2007). 

multcomp: Simultaneous Inference for General Linear Hypotheses. R package version 0.991-8. 

http://cran.r-project.org/package=gtools
http://cran.r-project.org/package=survival

