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Problem 1
(a) Here is an interaction plot:
surface =1 suface= 2
\-
250 — N
N &
LY %,
—I"\. " \\
“\ \.
200 - W ~

loss

100 o

One plot looks like the other shifted vertically, so surface will likely be included only as an
additive cffect. However. the effect of proportion is quite different among the two levels
of filler, so there will likely be a filler*prop interaction term. Broadly, surface=2 tends to
reduce fabric loss. Overall, filler=2 vields considerably less loss than filler=1. When filler=2
is used. there appears to be little to no difference among the proportions in terms of loss (for
a fixed surface). However, for filler=1, smaller proportion yields less loss. and it appears to
be significantly so.
(b) A fit of the full interaction model vields:

Sum of
Source DF Squares Mean Square F Value Pr > F
Model i1 90092. 12500 8190.19318 40.86 <.0001
Error 12 2405.50000 200.45833
Corrected Total 23 92497.62500
Source DF Type III 885 Mean Square F Value PEi E
surface 1 5017.04167 5017.04167 25.03 0.0003
filler 1 70958. 37500 70853.37500 363.99 <.0001
surface*filler i 57.04167 57.04167 0.28 0.6035
prop 2 7969.00000 3984.50000 19.88 0.0002
surface*prop 2 44 .33333 22.16667 0.11 0.8962
filler*prop 2 6031.00000 3015.50000 15.04 0.0005
surface*filler*prop 2 14.33333 7.16667 0.04& 0.9650

Here's a fit of the model with the three-way interaction, prop*surface, and filler*surface
dropped:

Sum of
Source DF Squares Mean Square F Value Pr > F
Model <] B9976.41667 14996.06944 101.12 <.0001
Error 17 2821.20833 148.30637
Corrected Total 23 92497 .62500
Source DF Type III SS Mean Square F Value Pr > F
surface 1 5017.04167 5017.04167 33.83 <.0001



filler 1 70958. 37500 70959.37500 478.46 <.0001

prop 2 7969.00000 3984.50000 26.87  <.0001
filler*prop 2 6031.00000 3015.50000 20.33 <.0001
Standard
Parameter Estimate Error t Value Pr > |tl
Intercept 91.2916667 B 6.57693130 13.88 <.0001
surface 1 28.9166667 B 4.97169275 5.82 <.0001
surface 2 0.0000000 B . . s
filler 1 151.7500000 B 8.61122444 17.62 <.0001
filler 2 0.0000000 B i ¥ %
prop i -6.7500000 B 8.61122444 -0.78 0.4439
prop 2 1.5000000 B 8.61122444 QL AT 0.8638
prop 3 0.0000000 B : ; ;
filler*prop 1 1 -75.5000000 B 12.17811038 -6.20 <.0001
filler*prop 1 2 -53.5000000 B 12.17811038 -4.39 0.0004
filler*prop 1 3 0.0000000 B
filler*prop 2 1 0.0000000 B
filler*prop 2 2 0.0000000 B
filler*prop 2 3 0.0000000 B

Here's the F-statistic for dropping the three interactions at the same time along with the
p-value:

Obs _TYPE_ _FREQ_ minss mindf maxss maxdf fstar pvalue
1 0 2 2405.5 12 2621.21 17 0.11544 0.98654

With p=0.987, we can casily drop the three interactions at the 5% level. The fitted model
is

E(L) = 91.3+289{S=1}+151.8 [{F =1} — 6.8 I{P =1} ¢ 1.5 I{P = 2}
~755 I{F = 1}]{P =1} =534 I{F = 1}J{P =2}

(¢) Here are the requested diagnostic plots
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Constant variance seems reasonable overall, although the variability seems to be quite a bit
smaller for prop=2 than for prop=1 or prop=3. With a deleted residual (2nd plot in top row)
over 3, there is one quite ill-fit point. There are also three points with fairly large Cook’s
distances. It might be worth taking a closer look at these points. The normal probability
plot looks reasonably straight. so the normality assumption scems satisfied.

(d) A qualitative assessment is provided in part (a). Surface=2 dignificantly reduces

fabric loss by an estimated 29 grams: a confidence interval for this difference is (18, 39)
grams.

Standard
Effect Label Estimate Error DF t Value Pr > [t] Adj P Alpha
surface surf2-surfl -28.9167 4.9717 17 -5.82 <.0001 <.0001 0.05

The cffect of proportion depends on the filler used. Here is a table of pairwise differences
in proportion at the two levels of filler; multiple comparisons are adjusted using Tukey’s
method, and capped at FER< 0.05. Bonferroni might work better here.

Standard
Effect Label Estimate Error DF t Value Pr > |tl Adj P
filler*prop propl-prop2 @ filler=1 30.2500 8.6112 17 3.51 0.0027 0.0027
filler*prop prop3-propil @ filler=1  82.2500 8.6112 17 9.56 <.0001  <.0001
filler*prop prop3-prop2 @ filler=1 52.0000 8.6112 17 6.04 <.0001  <.0001
fillersprop propl-prop2 @ filler=2 8.2500 8.6112 17 0.96 0.3515  0.3515
filler*prop prop3-propl @ filler=2 6.7500 8.6112 17 0.78 0.4439 0.4439
filler*prop prop3-prop2 @ filler=2 -1.5000 8.6112 17 -0.17 0.8638 0.8638

For filler=2, all three adjusted p=values are larger than 0.05. and we find no significant
differences among the three proportions. For filler=1 proportion docs make a significant
difference, with increased proportion yielding significantly more loss. This confirms the
interaction plot.

To see whether the effect of filler is significant, there are several approaches one might
take. Let’s simply look at whether there’s differences in filler at the three proportions. again
using Tukev:

Standard
Effect Label Estimate Error DF t Value Pr > [t| Adj P
filler#prop filleri-filler2 @ prop=1 76.2500 8.6112 17 8.85 <.0001 <.0001
filler=prop fillerl-filler2 @ prop=2 98.2500 8.6112 17 11.41 <.0001 <.0001
filler*prop filleri-filler2 @ prop=3 151.75 8.6112 17 17.62 <.0001 <.0001

Filler 2 results in significantly less loss at all three proportions.
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