
Discussion 12: Paired, Data, ANOVA

Paired Data

1. Paired or Independent Analysis?

(a) A hypothesis of ongoing clinical interest is that vitamin C prevents the common cold. In
a study involving 20 volunteers, 10 are randomly assigned to receive vitamin C capsules
and 10 are randomly assigned to receive placebo capsules. The number of colds over a
12 month period is recorded.

(b) A topic of current interest in ophthalmology is whether or not spherical refraction is
different between the left and right eyes. To examine this issue, refraction is measured
in both eyes of 17 people.

(c) In order to compare the working environment in offices where smoking is permitted with
that in offices where smoking is not permitted, measurements were made at 2 p.m. in 40
work areas where smoking was permitted and 40 work areas where it was not permitted.

(d) To determine whether cardiologists and pharmacists are equally knowledgeable about
how nutrition and vitamin K affect anticoagulation therapy (to prevent clotting), an in-
vestigator has 10 cardiologists and 10 pharmacists complete a questionnaire to measure
what they know. She contacts the administrators at 10 hospitals and asks the admin-
istrator to select a cardiologist and pharmacist at random from the hospital’s staff to
complete the questionnaire.

2. The compressive strength, in kilopascals, was measured for concrete blocks from five different
batches of concrete, each tested both three and six days after pouring. Here are the data:

Batch
1 2 3 4 5

After 3 days 1341 1316 1352 1332 1327
After 6 days 1376 1373 1366 1384 1358

(a) Can you conclude that the mean strength difference (at six days minus at three days) is
positive?

(b) Can you conclude that the median strength difference (at six days minus at three days),
is positive?



ANOVA

1. A chemical reaction was run three times at each of three temperatures. The yields, expressed
as a percent of a theoretical maximum, were as follows:

Temperature Yield

70◦ 81.2 82.6 77.4
80◦ 93.3 88.9 86.0
90◦ 87.8 89.2 88.5

Answer this question without R (for understanding and exam practice). Consider testing
H0 : µ70◦ = µ80◦ = µ90◦ . Suppose the assumptions of ANOVA are met.

Fill in the ANOVA table, below, to decide whether these data are strong evidence that yield
varies with temperature. That is, test H0 : µ70 = µ80 = µ90, where µT is the population
average yield at temperature T .

Source DF SS MS F P

Treatment L− 1 SSTr =
∑L

i=1 ni(X̄i. − X̄..)
2 MSTr = SSTr

L−1 F = MSTr
MSE P (FL−1,N−L > )

Error N − L SSE =
∑L

i=1

∑ni

j=1(Xij − X̄i.)
2 MSE = SSE

N−L

(= s2)

Total N − 1 SST =
∑L

i=1

∑ni

j=1(Xij − X̄..)
2

= SSTr + SSE
(Don’t bother finding SST, which plays no role in the test.)

What conclusion do you draw?

Hint: You may check your work against this ANOVA table from R:

Df Sum Sq Mean Sq F value Pr(>F)

labels 2 147.42 73.71 10.411 0.01119

Residuals 6 42.48 7.08


