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The design involved N = 48 observations and two experimental factors:
TEMP and PPROTEIN. There were 4 levels of the TEMP factor and 4 levels of
the PPROTEIN factor. The response variable considered was PFREE. For all
12 observations made in the experiment where the PPROTEIN factor was zero,
PFREE=100 was observed without any variation. It is clear that PFREE=100
when PPROTEIN=0. All of the other 3 x 4 treatment combinations led to
some experimental error. Because this violates the underlying assumption of
heterogeneity of variance, the PPROTEIN=0 observations were excluded from
the analysis of variance in what follows. Of interest were effects of the two
factors and the possible interaction between them.

Inspection of plots of the mean PFREE by TEMP at each level of PPRO-
TEIN (figure #1) indicates that PFREE is nonlinear in TEMP. Mean PFREE
appears to be quadratic in TEMP. Additionally, the simple differences among
levels of PPROTEIN within each level of TEMP are not the same across tem-
perature, indicating a significant interaction between PPROTEIN and TEMP.
Subsequent comparisons can be made by evaluating simple effects of PPRO-
TEIN and/or TEMP while fixing the level of the other factor. The interactions
appear to be qualitative instead of quantitative. That is, though the curves
in the interaction plot do not intersect at all, they just have slightly different
rates of change. It may be possible to obtain an additive model by simple
logarthmic or square root transformations, but this approach was not consid-
ered here. Conservative (wider than necessary) 95% confidence intervals (using
Tukey’s procedure) for all 66 pairwise differences among treatment means were
obtained and are presented below, along with the ANOVA table. Residual plots
(figures #2,3) indicated that the data conform to the ANOVA assumptions of
normality or homoscedasticity.

The SAS System
The GLM Procedure

Sum of
Source DF Squares  Mean Square F Value Pr > F
Model 11 6775.555556 615.959596 42.16 <.0001
Error 24 350.666667 14.611111
Corrected Total 35 7126.222222
Source DF Type III SS Mean Square F Value Pr > F
pprotein 2 3168.722222 1579.361111  108.09 <.0001
temp 3 3193.555556  1064.518519 72.86 <.0001
pprotein*temp 6 423.277778 70.546296 4.83 0.0023
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The GLM Procedure
Least Squares Means
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Simultaneous 95J confidence intervals for differences
Adjustment for Multiple Comparisons: Tukey
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Figure #1

Mean by temperature and pprotein
Symbol is value of pprotein.
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Figure #2
Residual by predicted
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Figure #3

d stem and leaf plots of residuals
# Boxplot
1 |
|
2 |
2 |
1 |
2 |
7 s +
2 I+
5 *m— *
5 | |
2 - +
2 |
3 |
2 |
e e et
The UNIVARIATE Procedure
Variable: r
Normal Probability Plot
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