2)
a) 1 pt for F statistic, 1 for theoretical distribution, and 1 for p-value and conclusion.
F = 2.86, F distribution with 4 and 65 degrees of freedom, p = 0.0301.  evidence that the mean rating for at least one group differs from the others.
b) 1 pt for coefficients, 1 for estimate and p-value: C1=(1,-1/4,-1/4,-1/4,-1/4), est.= -0.036, se= 0.488, p=0.942
Note: If you use 4, -1, -1, -1, -1 you are estimating 4 x the requested quantity
c) 1 pt for coefficients, 1 for estimate and p-value: C2=(0,1/3,-1,1/3,1/3), est.= -1.314, se=0.504, p=0.011
d) 2 pt. yes. because  for each linear combination
e) 2 pt. yes. Because t(C1)*C2=0
f) 1 pt. 4
g) 2 pts.  There is an infinite number of possible sets.  One likely answer is the Helmert set of contrasts: C1=(1,-1/4,-1/4,-1/4,-1/4), C2=(0,1/3,-1,1/3,1/3),C3=(0,1,0,-1/2,-1/2) and C4= C5=(0,0,0,1,-1)
Note: C2 above is based on my C2 in part 2c.  If you followed the notes, you probably wrote:  C2 = (0,-1, 1/3, 1/3, 1/3) and C3 = (0,0,1, -1/2, -1/2) .  Also an orthogonal set.

# R code (but, there are many other correct ways to do the computations)
hdc = read.table('handicap.txt',header = TRUE)
hdc$group=factor(hdc$code)
hdc.lm=lm(score~group,data=hdc)
anova(hdc.lm)

hdc.means = tapply(hdc$score, hdc$code, mean)
hdc.means
C1 = c(1,rep(-1/4,4))
hdc.est1 = t(C1) %*% hdc.means
hdc.se1 =sqrt( 2.6665  * (1/14 + 1/4/14)) 
2*pt(hdc.est1/hdc.se1 , 65)

C2=c(0,1/3,-1,1/3,1/3)
hdc.est2 = t(C2) %*% hdc.means
hdc.se2 =sqrt( 2.6665  * (1/14 + 1/3/14)) 
2*pt(hdc.est2/hdc.se2 , 65)

hdc$group2 <- c(1,rep(2,4))[match(hdc$code, levels(hdc$group))]
hdc$group2.f=factor(hdc$group2)
hdc.lm2=lm(score~group2.f,data=hdc)


3) long term weight loss study

a) 3 pts, 1 for F statistic, 1 for theoretical distribution, and 1 for p-value and conclusion.
F = 3.24, F distribution with 2 and 269 degrees of freedom, p = 0.0409.  evidence that 24 month weight loss for at least one diet differs from the others.

b) 1 pt.  p = 0.1264

[bookmark: _GoBack]c) 1 pt. This is the same p-value as should have been computed in part b.  The hypothesis in the model comparison is that the two means are equal (deduced by evaluating what you need to do to the full model to get the reduced model).  The hypothesis concerns one quantity so the numerator df for the model comparison F statistic =1, so t2 = F.

d) 1 pt.  Dropout is a concern when folks who are not losing weight are more likely to drop out.  
Note: it would not be a concern if the only source of dropout was moving away, if you can assume moving away is unrelated to whether you were losing weight or not.


diet <- read.csv('dietstudy.csv', as.is=T)
diet$Group.f <- factor(diet$Group)
diet.lm <- lm(WtLoss24 ~ Group.f, data=diet)
anova(diet.lm) 
diet.means <- tapply(diet$WtLoss24, diet$Group, mean)
diet.means
# check order of groups – it is alphabetical.  low-fat and Med are # 2 and 3 
C <- c(0,1,-1)
# don’t use lower case c, which overwrites c() 
diet.est <- t(C) %*% diet.means 
table(diet$Group) 
diet.se <- sqrt(33.509 * (1/94 + 1/93)) 
diet.est/diet.se 
2*pt(-1.533, 269) # here’s how I would fit the intermediate model – create a factor with two levels: low-carb and low-cal (choice of name is arbitrary)#   many ways to construct this in R.  There may even be a recode function somewhere.  The following does this ‘by hand’.

# Either
diet$Group2 <- diet$Group    # copy all the original levels
diet$Group2[diet$Group == 'Low-Fat'] <- 'low-cal'
diet$Group2[diet$Group == 'Mediterranean'] <- 'low-cal'
# then change the ones you want to change 
diet$Group2.f <- factor(diet$Group2) 
diet.lm2 <- lm(WtLoss24 ~ Group2.f, data=diet)
# when messing with levels of a factor, you definitely want to do the messing first#   then create the factor.  Otherwise R won’t let you create a new level. 
anova(diet.lm2,diet.lm)
#  want to compare 2 groups to 3 groups

diet$Group2 <- c('low-carb','low-cal','low-cal')[match(diet$Group, levels(diet$Group.f))]1) 



