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1:00-3:15 Experimental Design and Mixed model using 
SAS (Alissa) 
3:20-3:50 Introduction to R: How to avoid command 
lines… (Mizuho) 
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What is R? 

¨  R is a system for statistical computation and graphics 
developed initially by Ross Ihaka and Robert 
Gentleman at the Department of Statistics of the 
University of Auckland in Auckland, New Zealand Ihaka 
and Gentleman (1996).  

¨  R offers facilities for data manipulation, calculation and 
graphical display either through build-in functions or 
add-on packages contributed by users.  

¨  It is distributed freely under the GNU General Public 
License (www.gnu.org/copyleft/gpl.html) and can be 
used for commercial purposes.  



R: Pros 

¨  Free (vs several thousand $ for SAS commercial 
license) 
¤ Do you need to pay for SAS to run simple ANOVA? 

¨  Can run on many platforms 
¤ Windows, Mac, Linux and Unix 

¨  Powerful.  Variety of packages and very active 
development of different packages that may fit 
your need. 
¤ Very strong graphic capability 



R: Pros 

¨  Flexible.  E.g., data input from different formats.  A 
very good integration with database languages 
too. 

¨  Gaining popularity very quickly 
¤ Becoming an universal language for many data 

analysis communities 



R: Cons 

¨  Documentations are available, but many of them 
are as cryptic as SAS manual… 
¤ E.g. No phone tech support 

¨  As with other software, it is not error-free 
¤ SAS has been very good about fixing errors. 
¤ R itself has been updated frequently, but if there is an 

error in a specific package you use, it may or may not 
be fixed.  (but it is the same with macros for SAS) 



R: Cons 

¨  “Graphical” interface is not really graphical 
¤  Esp. compared with other stats packages such as JMP or 

Minitab 
¨  Commands 

¤  In SAS, you define everything and submit. 
¤  In R, you type in a command at a time, then move on to 

different command(s) to get what you want. 
 E.g., summary(yourdata) for parameter estimates then 

anova(yourdata) to obtain ANOVA table 

¨  I hate command-line operation… 
¨  Is there any way to get around in R? 



Install R 

¨  To download R itself, go to the Comprehensive R 
Archive Network (CRAN) at  

http://cran.r-project.org/ 
¨  Choose your operating system under the web page 

heading, Download and Install R.  



Install R 



In the case of my Mac… 



Installation on a Mac 



Installation takes 2-3 min 



RStudio: provides more visual aids to R 



Install RStudio 



Running Rstudio  



RStudio interface 



R Commander: GUI for R 



Install R commander from RStudio 



Type in “Rcmdr”, check the box for dependencies 



Run R commander from RStudio 



If you install on a Mac, it may ask you 
to install Xcode-related files 

¨  + Xquarts from xquartz.macosforge.org 
¨  + Java update for OSX 
¨  I don’t think there is additional files required for 

Windows (at least for 8.1) 



It may ask to install several packages 
at the first run 

ß Warning message on a Mac.  It 
took about 2-3 min to load. 

 
For PC, I did not get any message 
at the first run.  However, on the 
second run, R commander did not 
load… 
I ended up installing some of 
missing packages manually, then 
suddenly a pop-up warning 
message came up…  It took about 
10 min from start to finish for PC 



Finally! R commander is running! 



Demonstration 1 

¨  R, R studio, and R commander 
¨  Simple ANOVA in R commander 

¨  Create a new data table “Bot.Example” by 
importing a sample Excel file 

¨  Create a Box-plot 
¨  Run 1-way ANOVA 



What R commander does for you 

¨  Rcmdr>  .Workbook <- loadWorkbook("/Users/mizuho/
Mizuho/APS/Stats workshop/Bot example APS.xls”) 
¤  Importing into a temporary file 

¨  Rcmdr>  Bot.Example <- readWorksheet(.Workbook, "Bot 
8.26.2014", header=TRUE,  rownames=NULL) 
¤  Selecting a sheet from Excel, telling there is heading on the 

columns, storing information into file “Bot.Example” 
¨  Rcmdr>  remove(.Workbook) 

¤  Removing the temporary file 
¨  Rcmdr>  Bot.Example[, c(1, 2)] <- lapply(Bot.Example[, c(1, 

2), drop=FALSE], as.factor) 
¤  Applying a Function over a List or Vector 



Rcmdr>  AnovaModel.Bot <- aov(Botrytis ~ Treatment, data=Bot.Example) 
 
Rcmdr>  summary(AnovaModel.Bot) 
             Df Sum Sq Mean Sq F value   Pr(>F)     
Treatment     5    494   98.80   9.075 2.97e-08 *** 
Residuals   474   5161   10.89                      
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Rcmdr>  with(Bot.Example, numSummary(Botrytis, groups=Treatment,  
Rcmdr+    statistics=c("mean", "sd"))) 
           mean        sd data:n 
BioBot   1.5250 3.9393343     80 
Check    1.8250 5.2162720     80 
IsoF     0.1000 0.5867741     80 
Kilbot   2.6625 4.6740429     80 
Lune     0.0000 0.0000000     80 
Standard 0.1875 0.6383077     80 

Output from R commander (ANOVA) 



  Simultaneous Confidence Intervals 
 
Multiple Comparisons of Means: Tukey Contrasts 
 
Fit: aov(formula = Botrytis ~ Treatment, data = Bot.Example) 
 
Quantile = 2.8616 
95% family-wise confidence level 
 
Linear Hypotheses: 
                       Estimate lwr      upr      
Check - BioBot == 0     0.30000 -1.19293  1.79293 
IsoF - BioBot == 0     -1.42500 -2.91793  0.06793 
Kilbot - BioBot == 0    1.13750 -0.35543  2.63043 
Lune - BioBot == 0     -1.52500 -3.01793 -0.03207 
Standard - BioBot == 0 -1.33750 -2.83043  0.15543 
IsoF - Check == 0      -1.72500 -3.21793 -0.23207 
Kilbot - Check == 0     0.83750 -0.65543  2.33043 
Lune - Check == 0      -1.82500 -3.31793 -0.33207 
Standard - Check == 0  -1.63750 -3.13043 -0.14457 
Kilbot - IsoF == 0      2.56250  1.06957  4.05543 
Lune - IsoF == 0       -0.10000 -1.59293  1.39293 
Standard - IsoF == 0    0.08750 -1.40543  1.58043 
Lune - Kilbot == 0     -2.66250 -4.15543 -1.16957 
Standard - Kilbot == 0 -2.47500 -3.96793 -0.98207 
Standard - Lune == 0    0.18750 -1.30543  1.68043 
 
  BioBot    Check     IsoF   Kilbot     Lune Standard  
    "bc"      "c"     "ab"      "c"      "a"     "ab"  



lme4 package 

¨  Bates, et al., (2014) “Linear Mixed Models with 
lme4”, Journal of Statistical Software 

¨  The lme4 package for R provides functions to fit 
and analyze linear mixed models, generalized 
linear mixed models and nonlinear mixed models.  

¨  It seems that this package has been gaining a 
popularity against other mixed model packages 



Other packages can be used 

¨  lmerTest (by Alexandra Kuznetsova <alku@dtu.dk>, 
Per Bruun Brockhoff, Rune Haubo Bojesen Christensen ) 
¤  The package provides anova function, that gives data 

frame similar to what gives lme4 package but with p-values 
calculated from F statistics of type 3/type 1 hypotheses. 
There are two options for denominator degrees of freedom 
of F statistics: "Satterthwaite" and "Kenward-Roger".  

¨  lsmeans (by Russell V. Lenth, The University of Iowa) 
¤  Provides a simple way of obtaining least-squares means 

and contrasts  



SAS code example 
Proc mixed data = Bot; 
title 'Mixed model example'; 
title2 'Fake Botrytis Trial data, Disease severity'; 
 
class treatment block; 

 model Botrytis = treatment; 
 random block; 
  lsmeans treatment / adjust = tukey; 
 */ods output statements for the macro to enable 

lettering!*/; 
 ods output diffs=ppp lsmeans=mmm; 
 ods exclude diffs lsmeans; 
 run; 

/*** Since Proc Mixed won't do lettering for the mean 
separation, 

 I am using a macro that helps us.  ***/; 
%include'C:\Users\Mizuho\Documents\My SAS Files
\pdmix800.sas'; 
%pdmix800(ppp,mmm,alpha=0.05,sort=yes); 
quit; 



Demonstration 2: lme4 package etc. 

¨  Use the data imported using R commander 
(Bot.Example) 

¨  You can access to it from RStudio! 
¨  Load 1) lme4, 2) lmerTest, and 3) lsmeans packages 



Demonstration 2 (cont.) 

¨  Mixed.Bot <- lmer(Botrytis~ Treatment + (1|Block), 
Bot.Example) 
¤ 1|Rep specifies “Block” as a random factor 

n  Each level of the grouping factor, Block, has its own random 
intercept.  

¨  anova(Mixed.Bot) 
¤ Provide ANOVA table for type-III test (with lmerTest 

package) 

¨  lsmeans(Mixed.Bot, pairwise~Treatment, 
adjust="tukey") 
¤  Post-hoc (mean separation) using Tukey-Kramer 



Results comparison 

> anova(Mixed.Bot)
Analysis of Variance Table of type 3  with  Satterthwaite 
approximation for degrees of freedom
          Sum Sq Mean Sq NumDF DenDF F.value    Pr(>F)    
Treatment 1091.9  218.37     5   471  18.335 < 2.2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1



There are many other ways to do the 
post-hoc analysis in R… 

¨  Please note that the example is one of the simpler 
methods. 

¨  For example, you can do the same using package 
“multicomp” 

¨  > Bot.Out2 <- glht(Mixed.Bot, linfct = 
mcp("Treatment” = "Tukey")) 

¨  > summary(Bot.Out2) 



Output from “multicomp” 
Simultaneous Tests for General Linear Hypotheses

Multiple Comparisons of Means: Tukey Contrasts

Fit: lme4::lmer(formula = Botrytis ~ Treatment + (1 | Rep), data = Bot2.Dataset)

Linear Hypotheses:

                            Estimate Std. Error z value Pr(>|z|)    

Check - Botector == 0        -0.6451     0.5296  -1.218  0.82814    

IsofetamidH - Botector == 0  -2.3701     0.5296  -4.475  < 0.001 ***

LunaT - Botector == 0        -2.4701     0.5296  -4.664  < 0.001 ***

Rovral - Botector == 0       -2.2826     0.5296  -4.310  < 0.001 ***

Tavano - Botector == 0       -0.9451     0.5296  -1.785  0.47550    

IsofetamidH - Check == 0     -1.7250     0.5107  -3.378  0.00960 ** 

LunaT - Check == 0           -1.8250     0.5107  -3.573  0.00472 ** 

Rovral - Check == 0          -1.6375     0.5107  -3.206  0.01694 *  

Tavano - Check == 0          -0.3000     0.5107  -0.587  0.99189    

LunaT - IsofetamidH == 0     -0.1000     0.5107  -0.196  0.99996    

Rovral - IsofetamidH == 0     0.0875     0.5107   0.171  0.99998    

Tavano - IsofetamidH == 0     1.4250     0.5107   2.790  0.05905 .  

Rovral - LunaT == 0           0.1875     0.5107   0.367  0.99913    

Tavano - LunaT == 0           1.5250     0.5107   2.986  0.03367 *  

Tavano - Rovral == 0          1.3375     0.5107   2.619  0.09276 .  

---

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

(Adjusted p values reported -- single-step method)



MNBU plug-in in R commander 

¨  Install RcmdrPlugin.NMBU from RStudio 
¤ With the previous version, you were able to install from 

R commander, but I was not able to do so with a newer 
versions 

¤  It will add function to run linear mixed model 
n  It looks like it is lm() function, but output is the similar to 

lmer()… 
n Rcmdr>  Bot.Mixed.NMBU <- lm(Botrytis ~ Treatment 

+r(Block), data=Bot.Example,  REML=TRUE) 
n > summary(Bot.Mixed.NMBU) 
n  Linear mixed model fit by REML ['lmerMod'] 
n Formula: Botrytis ~ Treatment + (1 | Block) 





Demonstration 3: MNBU plug-in in R 
commander 

¨  Install RcmdrPlugin.NMBU from RStudio 
¤ With the previous version, you were able to install from 

R commander, but I was not able to do so with a newer 
versions 

¤  It will add function to run linear mixed model 
n Uses lm() function, but output to lmer()? 



Agricolae package 

¨  It offers many functions that we could use 
¤ Experimental design aid 
¤ Options on ad-hoc analysis, including LSD, Tukey, 

Dunnet, etc. 
¤ Plus, it will do a lettering for us! 

¨  However, it cannot read outputs from lmer directly. 



> require(stats); 
> str(design.rcbd) 
function (trt, r, serie = 2, seed = 0, kinds = "Super-Duper", 
    first = TRUE, continue = FALSE) 
> trt <- c("A", "B", "C","D","E") 
> repeticion <- 4 
> outdesign <- design.rcbd(trt,r=repeticion, seed=-513, serie=2) 
> # book2 <- outdesign$book 
> book2<- zigzag(outdesign) # zigzag numeration 
> print(t(matrix(book2[,3],c(5,4)))) 
     [,1] [,2] [,3] [,4] [,5] 
[1,] "D"  "B"  "C"  "E"  "A" 
[2,] "E"  "A"  "D"  "B"  "C" 
[3,] "E"  "D"  "B"  "A"  "C" 
[4,] "A"  "E"  "C"  "B"  "D" 
> print(t(matrix(book2[,1],c(5,4))),digits=0) 
     [,1] [,2] [,3] [,4] [,5] 
[1,]  101  102  103  104  105 
[2,]  205  204  203  202  201 
[3,]  301  302  303  304  305 
[4,]  405  404  403  402  401 

Using agricolae to come up with a randomized 
complete block design with 5 treatments and 4 blocks 

A constant that is used to set numerical tag 
blocks , eg number = 2, the labels will be : 
101 

Random number generator 



That’s it for today! 

¨  Thank you very much for your attention! 
¨  Please give us your feedback! 


