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Mote: Conduct all tests at at ¢ = 6.05 significance level and show all work for any partial credit on
numeric (calculation) problems. '
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Satterthwaite's Approximation: ov =% g MS, = ve =" where v, = df (MS,)

Q.1. A study was conducted, regarding 2 Random factors: A: Wine Judge (a =9} and B: Wine Brand (b = 10). Back judge rated each
brand once, blind to the brand label. The model fit is:
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p.1adi. Derive V{}}}, V{?m}, V{f’.f}, V{_I;.a} Be very specific on all parts of derivation.
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p-1.¢. Write out MS, in terms of (a subsei) of the components in S5gggr and obtain E{A5,}.
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% p.1.d. Write out MS; in terms of (a subset) of the components in S5zrg and obtain E{MSs}.
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%l.e. From the published study, we obtain the following sums of squares: S5, =180.32 S, =114.80 SS.; =395.12
Obtain unbiased estimates of the model’s three vartances.
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p.1.f. Qut of the (estimated) total variance 7~ {YW} = cri + O"; + o’ , what percentages are accounted by the 3 sources:
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(3.2. A study compared the effects of @ = 3 brands of squash rackets (Factor A: med, high, and higher price) and b = 2 levels of strings
(Factor B: factory or new) the speed of a ball’s bounce off the racket (Y, in m/sec) after having been dropped from a standard height.
There were n = 10 replicates per treatment (combination of racket brand and string type). Assume these are the only levels of interest
to the researchers (that is, both are fixed factors).

p.-Z.a. Write out the statistical model assuming errors are tid Normal.
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p.2.b. The following table gives the sample means. Compute the following least squares estimates of model parameters and o°:
Means : 32
Racket\String Factory(j=1}| New{j=2) | Overall ZZTE =0.0025
Medium Price(i=1)] 0.363 0.377 0.370 =
High Price(i=2} 0.350 0.322 (.336
Higher Price(i=3) 0.250 0.360 C.305
Overail 0.321 {.353 0.337
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p.2.c. Complete the following Analysis of Variance Table, including stating the null hypothesis for each row in the table.
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(2.3. A study was conducted to test for effects on willingness to pay during online auctions. There were 2 factors, each with 2 levels
{(both fixed): Urgency (Present (i=1) /Absent (i=2)) and Contrast (3 of 6 items “Featured” (High, j=1Vall 6 items “Featured” (Low,
J=2)}. There were 6 watches, and the response was the amount the participant was willing to pay for the watch. Although the
researchers started with 80 subjects, 9 were eliminated due to incomplete information, so N = 71, The model fit is:
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p.3.a. Give the form of the (full rank) X matrix and p vector for this model. Note that although X has 71 rows, there are only 4
“blocks” of distinct levels, each with a particular numbers of subjects. @
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3.b. Obtain X°X as functions of the cell sample sizes (Fust give the values on or above the main diagonal). f\j B ﬂ& § ¥ i’l“_f ﬂz: e
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p.3.c. The authors fit the following 4 models, with approximate Error sums of squares (divided by 1000 for ease of calculation):

Model I:E{Y,j} f e+ +(o:,8) Model 2: L{Y } pra+ B, Model 3 E{ ,]k} w=+ B +{ap), Model4:E{ka}=y+aj+(aﬁ)v
SSErr, = 884.0  SSErr; =937.0 SSErr;=9%41.5 SSErm, =978.3
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p.3.d. The sample means for the 4 treatments are: Y1o = 216.94  Vize =90.26 Y2 =106.12  Ya2o =88.06. Treating the
cell sample sizes as ny; = 18 as an approximation, use Bonferroni's method to compare all pairs of treatment means.
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2.4, Among a population of lakes, the mean adult fish lengths are normally distributed, with approximately $5% of the lake means

lying between 50 and 70 centimeters. Within lakes, approximately 95 % of the fish have lengths within 12 cm of the lake mean.
Consider a 1-Way random effects model, where a sample of g lakes is selected and » fish are sampled from each lake.
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Q.5. Based on the 2014 WNBA season, we have the point totals (Y) by game Location (Home/Away) for a sample of 10 Players.
Hach player played 17 home games and 17 away games. Consider the model:

Vg =pra+Borafve, i=le,a j=l.,b k=l..,n ia,.:o B, ~N(0,03) ap, ~N(0,62) &,
ANOVA S oea Lead | He % oeach
Source df 5SS MS F F(0.05)
Player Mﬁx(wég 3879.30| Y2103 |i1.99 RN
Location | vl 1.30f /.%0 @‘@3&} S Y
P*L C 9 323.67| 25.49¢ | ©.924 = {9
Error 2ol(1741 231 15787.29] ¥9.3Y #N/A #N/A
Total %wﬁﬁyg %4l 19991.56] #N/A #N/A #N/A

p.5.a. Complete the partial ANOVA table.

p.3.b. Test whether there is an interaction between Player and Location (Home). Hy: Gugz =0

p.5.b.i. Test Stat: O :?Z p.5.b.it. Reject Hy it Test Stat is in the range

p.5.¢. Test whether there is Location (Home vs Away) Main Effect. Hy: ot =
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p.3.c.il. Reject Hy if Test Stat is in the range
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p.5.d. Test whether there is Player Main Effect. Hy: o5° = 0

p.5.d.i, Test Stat; E sﬁ § p-5.d.ii. Reject Hy if Test Stat is in the range?j g’ {??

p.5.diii, P-value > or(-

p.5.e. Give unbiased estimates of each of the variance components:
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