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1 Latin squares: Movie preference

The problem states that the outcomes are are counts out of 30; technically, a binomial regression model is arguably
more appropriate. However, the counts are all away from 0 and 50, and a normal-errors model fits fine; the normal-
errors analysis follows. Clearly, the movie is the treatment and movie time and day are blocking effects. Although
the problem doesn’t say so, a Latin Squares design works well here by completing the experiment in one week on
one screen.

The scatterplots show a weak trend toward favoring movies as the week wears on. Movie D is clearly less favored
than movies A, B, and C. Formally, we fit the model

Yijk = p+ o + 35 + vi + €k,

where vy, cvg, (v3, (xq are movie (treatment) effects, 3, 3o, 3. 3, are day of the week (blocking) effects, and v1, V2. 3. ¥4
are time of day (blocking) effects. All of these respective main effects sum to zero for identifiability. In a Latin
squares design, not all combinations of 1;j& are observed.

The LM Procedure

Class Level Information

Class Levels

times 4 lpm 3pm Spm

day 4 ‘hursday Tuesdav Wednesda
movie 4

Numbear Ohservations Raad i6
Humber of Observations Usad tE

Dapandent Variable: count

Soures B Walue Fr » F
Model 21.84 C.ouCs
Error

Corrected Total

R-Square
0.87028%

count Mean

31.43750

bF HMean Sqguare F Value Pr » F
3 £.2291667 1.50 L3068
3 20.2281687 4.83 G.C4TH
3 245.2291667 53.15 <. G001
Sourcse oF Typs 1IT S8 Mezan Square F Value Fr » F



time 3 €.2291687 1.50 £.3086
day 3 20.22916887 4,88 4.0475
movie 3 24%5.,2291667 59,15 <. (0061

Tukey's Sundentized Range (HSD) Test for count

MOTE: This test controls the Type ! experimentw

i rovr rate, bun it gensrally has 2 higher
Tvpe Il srror ra

= than REGHQ.

Alpha 8.0%
Ezror Degrees of Freedom &
Error Mean Sguare 4.1455233
igal Value of Studantized Rangse £.8958)
Minimum Significant Difference 4,984

Ma@ans wWith the same letter are not significantly different.

Tukey Grouping Mearn N movie
A 36.750 4 B
B
A 356,250 4 b}
A
-3 312,750 4 c
B 2i.00¢ & o

We do not reject Hy : v1 = y2 = v3 = 74 = 0; time of day is not an effective blocking variable. We do reject
Ho : 81 = B = 3 = 34 = 0; blocking on day of the week effectively reduces variance. Finally, we reject that
there is no differences among movies Hy : 3 = ap = a3 = a4 = (. We wish to compare the movies. When
comparing all possible combinations, Tukey has the highest power while controlling the familywise Type I error
rate. We see that movies A, B, and C are not significantly different from each other, but movie D is significantly less
favored compared to A, B, and C. If we add c1diff 1o the means statement we get the following:

Difference
movie Betwsen
Comparison Means

A = € -1.484
A - D 1.268 w ko
B - C 1. 4984
BE - I 11.766 *Ew
o -3 T.T6E T

On average, people are likely to recommend 8 to 18 more people for movie C than D, 12 to 22 more people
for B than D, and 11 to 21 more people for A than D. Note that the same conclusions are reached when one uses
lsmeans movie / adjust=tukey pdiff.

The studentized residuals versus predicted values and normal QQ plot show modeling assumptions okay.
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my.Xs <-
round (cbind(rnorm(n=10000,mean=26.1,sd=0.05), rnorm(n=10000, mean=26.1,sd=0.05)), 1)

my.Xbars <- apply(my.Xs, 1, mean)
my.test.stats <- (my.xbars - 26.1)/(0.05/sqrt(2))

my.Typel.error.rate <- mean(my.test.stats > 1.645)
print(my.Typel.error.rate)

### Empirical Type I error rate should be somewhere around 0.027.
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