options ps=54 ls=80 nodate nonumber;

data spatula;

infile 'chopstick3.dat';

input length angle cook shovtime;

proc glm;

class length angle cook;

model shovtime = length angle length*angle cook cook*length cook*angle;

run;

proc mixed;

class length angle cook;

model shovtime = length angle length*angle;

random cook cook*length cook*angle;

run;

                               The GLM Procedure
                            Class Level Information
                    Class         Levels    Values
                    length             4    1 2 3 4         
                    angle              4    1 2 3 4         
                    cook               8    1 2 3 4 5 6 7 8 

                    Number of Observations Read         128

                    Number of Observations Used         128

Dependent Variable: shovtime   
                                       Sum of

 Source                     DF        Squares    Mean Square   F Value   Pr > F
 Model                      64    8591.284375     134.238818     10.27   <.0001
 Error                      63     823.799754      13.076187                   
 Corrected Total           127    9415.084128                                 
Source                     DF      Type I SS    Mean Square   F Value   Pr > F

 length                      3     975.936058     325.312019     24.88   <.0001

 angle                       3     867.438349     289.146116     22.11   <.0001

 length*angle                9     113.281354      12.586817      0.96   0.4791

 cook                        7    6030.219502     861.459929     65.88   <.0001

 length*cook                21     328.280956      15.632426      1.20   0.2862

 angle*cook                 21     276.128157      13.148960      1.01   0.4701

                              The Mixed Procedure
                              Covariance Parameter Estimates

                            Cov Parm        Estimate
                            cook             52.8597

                            length*cook       0.6391

                            angle*cook       0.01819

                            Residual         13.0762
                         Type 3 Tests of Fixed Effects
                                Num     Den

               Effect            DF      DF    F Value    Pr > F
               length             3      21      20.81    <.0001

               angle              3      21      21.99    <.0001

               length*angle       9      63       0.96    0.4791
pdf("E:\\sta6208\\spatula.pdf")

spatula <- read.table("http://www.stat.ufl.edu/~winner/data/chopstick3.dat",header=F,

                    col.names=c("length","angle","cook","shovtime"))

attach(spatula)

length <- factor(length); levels(length) <- c("20cm","25cm","30cm","40cm")

angle <- factor(angle); levels(angle) <- c("15deg","25deg","35deg","45deg")

cook <- factor(cook)

interaction.plot(length,angle,shovtime)

interaction.plot(length,cook,shovtime)

interaction.plot(angle,cook,shovtime)

tapply(shovtime,list(length,angle),mean)

spatula.mod1 <- aov(shovtime ~ length + angle + cook + length:angle + length:cook + angle:cook)

summary(spatula.mod1)

anova(spatula.mod1)

library(lme4)

spatula.mod2 <- lmer(shovtime ~ length*angle + (1|cook) + (1|length:cook) + (1|angle:cook))

summary(spatula.mod2)

anova(spatula.mod2)

dev.off()

> summary(spatula.mod1)

             Df Sum Sq Mean Sq F value    Pr(>F)    

length        3  975.9  325.31 24.8782 9.743e-11 ***

angle         3  867.4  289.15 22.1124 6.728e-10 ***

cook          7 6030.2  861.46 65.8801 < 2.2e-16 ***

length:angle  9  113.3   12.59  0.9626    0.4791    

length:cook  21  328.3   15.63  1.1955    0.2862    

angle:cook   21  276.1   13.15  1.0056    0.4701    

Residuals    63  823.8   13.08                      

---

> summary(spatula.mod2)

Linear mixed model fit by REML 

Formula: shovtime ~ length * angle + (1 | cook) + (1 | length:cook) +      (1 | angle:cook) 

   AIC   BIC logLik deviance REMLdev

 712.2 769.3 -336.1    713.1   672.2

Random effects:

 Groups      Name        Variance  Std.Dev.

 angle:cook  (Intercept)  0.018087 0.13449 

 length:cook (Intercept)  0.639034 0.79940 

 cook        (Intercept) 52.859986 7.27049 

 Residual                13.076288 3.61612 

Number of obs: 128, groups: angle:cook, 32; length:cook, 32; cook, 8
> anova(spatula.mod2)

Analysis of Variance Table

             Df Sum Sq Mean Sq F value

length        3 816.36 272.119 20.8101

angle         3 862.67 287.555 21.9906

length:angle  9 113.28  12.587  0.9626

