
Supplementary exercise 13.31 of IPS7e

Data: A completely randomized 4 × 4 factorial trial on how promotions affect consumer expecta-
tions. Students were subjected to promotions during a 10-week period, at the end of which their
expected price for the product in question was recorded. The factors affecting the type of promo-
tions received were the number of promotions (values 1, 3, 5, 7) and the percent of discount (values
10%, 20%, 30%, 40%). There were 10 replicates for each of the 16 treatments (= combinations of the
two factors).

Model: The statistical model of interest is two-way ANOVA model:

Xijk = µ+ αi + βj + γij + εijk, or
Price = Promotion+Discount+ Promotion ∗Discount+ Error,

where

– µ = overall mean,
– αi = effect of promotion group i,
– βj = effect of discount group j,
– γij = interaction effect of (promotion,discount) group (i, j),
– εijk = error for obs. (i, j, k), assumed to be i.i.d. and N(0, σ).

(a) The requested descriptive statistics and the graph can be obtained as part of the two-way
ANOVA analysis, but it is also fine to look at them as a preliminary step for the analysis.
We usually get descriptive statistics from the Basic Statistics menu, but in order to display
them in a tabular format (which is easier to look at), we need to use the Tables menu. The
graphical display of interest is the interaction plot, available directly in the ANOVA menu.

Table 'promo' 'percent';
Layout 1 1;
DMissing 'promo' 'percent';
Means 'eprice';
StDev 'eprice';
Counts.

Interact 'promo' 'percent';
Response 'eprice';
Full.
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Comments:
The means for the promotion groups show that the expected price decreases with the number
of promotions, almost linearly. Also, the expected price decreases with the discount, except
for 30% and 40% where the values are interchanged. The lines in the plot are almost parallel,
indicating that the interaction is small relative to the main effects.

(b) We start with the simpler Balanced ANOVA menu, including also residual plots although this
menu does not offer standardized residuals (so we have to use the raw residuals). However, be-
cause the design is balanced, all residuals will have the same standard error, so the standardized
residuals are simply a uniform scaling of the raw residuals, and the patterns will be exactly the
same.

ANOVA 'eprice' = promo percent promo* percent;
GFourpack.
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Comments:
The ANOVA table shows indeed that the interaction is small and clearly non-significant, whereas
the two main effects are strongly significant. The residual plots show no reasons for concern,
and a normality test for the residuals is clearly non-significant (not shown; one would need to
first store the residuals). The standard deviations are similar across the 16 groups and only
mildly violate our guideline (for 1-Way ANOVA): smax/smin = 0.3856/0.1520 = 2.5. With so
many groups, the rule becomes quite strict, and one may suspect that it is unnecessarily strict
in this case. One way to formally assess that is by the tests for equal variances (also available
in the ANOVA menu); indeed both tests give clearly non-significant P -values (0.347 and 0.416,
not shown). We conclude that the equal variances assumption poses no reason for concern with
these data.

Because of the non-significant interaction, our continued analysis will focus on each of the
main effects separately, as estimated in the two-way ANOVA model. We could remove the
interaction from the model, but as DFE is already very large there is no pressing need to do
so. Without any prespecified hypotheses, the natural way to continue analysis is by multiple
comparisons, for which we either have to do a manual LSD-calculation, or reanalyze using the
General Linear Model menu.

We start with the LSD-calculation. Both factors (promo and discount) have 4 levels, so for both
we need to take into account a total of 4 · 3/2 = 6 multiple comparisons. For the Bonferroni
method, the adjusted significance level for individual comparisons becomes 0.05/6, and our
(adjusted) t∗ therefore is the percentile from a t(DFE) distribution corresponding to a tail
probability of 0.025/6 = 0.0417; Minitab gives this value as 2.67491.

InvCDF .00417;
T 144.

With this value, and using the fact that all means of interest (for either promo or discount)
are across 40 observations, we get

LSD(.99583) = t∗ · s
√
2/40 = 2.67491 · 0.2416

√
2/40 = 0.1445.
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The LSD comparisons show that all levels of the main effects are significantly different at an
overall (not invidual) 5% signigicance level, except the 30% and 40% discount groups where the
difference is 0.143 and hence just short of the LSD threshold for significance.

Next we show Minitab output from the Comparisons menu (with the Bonferroni method) after
first having fitted the model in the General Linear Model menu (note that you have to include
the interaction in the Model submenu because it will not be included by default).

GLM;
Response 'eprice';
Nodefault;
Categorical 'promo' 'percent';
Terms promo percent

promo*percent;
TMethod;
TAnova;
TSummary;
TCoefficients;
TEquation;
TFactor;
TDiagnostics 0.

Compare 'eprice';
Pairwise promo percent;

Bonferroni;
NoDefault;
TGrouping;
TMTest.

Comments:
The Bonferroni comparisons show that all levels of the main effects are significantly different
at an overall 5% level, except the 30% and 40% discount groups with a P -value of 0.054. We
also note that there were 5 standardized residuals outside of (−2, 2) (not shown), but this is
actually slightly less than expected for a data set of this size.

(c) The analysis showed no interaction effect of Discount and Promotion on the expected price. Both
Discount and Promotion had clearly significant effects. The expected price decreases with the
number of promotions and is significantly different between all promotion groups. The expected
price decreases when the discount increases from 10% to 20% and 30%, also significantly so.
However, the expected price takes a jump upwards from 30% to 40% even if this jump is only
close to significant. The value at 40% is still significantly less than those at 10% and 20%.
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