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Do good smells bring good business? Businesses know that customers often

respond to background music. Do they also respond to odors?Nicolas Guguen and

his colleagues studied this question in a small pizza restaurant in France on Satur

day evenings in May. On one evening, a relaxing lavender odor was spread through

the restaurant; on another evening, a stimulating lemon odor; a third evening

served as a control, with no odor. The three evenings were comparable in many

ways (weather, customer count, and so on), so we are willing to regard the data as

independent SRSs from spring Saturday evenings at this restaurant. Table 24.3

contains data on how long (in minutes) customers stayed in the restaurant on each

of the three evenings.5 c o4
(a) Make stemplots of the customer times for each evening. Do any of the distri

butions show outliers, strong skewness, or other clear deviations from Nor

mality?

(h) Figure 24.5 gives the Minitab ANOVA output for these data. What do the

mean times in the restaurant say about the effects of the two odors?

(c) What are the values of tl ie ANOVA P statistic and irs P-value? What hy
potheses does F test? Briefly describe the conclusions you draw from these
d t Did you find anythini surprising7

Checking standard deviations Verify that the sample standard deviations for
these sets of data do allow use of ANOVA to compare the population means. —



S 14.50 F-Sq 20.35% F Sq(adj) = 18.48%

Individual 95% CIs For Mean Based on

Pooled StDev

StDev + +-+ +

13.10 C *

15.44 ( *

14.93 ( *

+ + ÷ +

84.0 91.0 98.0 105.0

—

One-way ANOVA: time versus odor

Source DF SS MS F P

odor 2 4569 2285 10.86 0.000

Error 85 17879 210

Total 87 22448

Level

lavender

lemon

noodor

N Mean

30 105.70

28 89.79

30 91.27

Pooled StDev 14.50

FIGURE 245

Minitab output
ble 24.3 on time
tomers spend in
ercise 24.4.

D9



Road rage. Exercise 24.2 describes a study of road rage. Here are the means and
standard deviations for a measure of “ang/threatening driving” for random sam
pies of drivers in three age groups:

Age group n s
Less than 30 years 244 2.22 3.11
30 to 55 years 734 1,33 2.21
Over 55 years 364 0.66 1.60

(a) The distributions of responses are somewhat right-skewed. ANOVA is
nonetheless safe for these data. Why?

(h) Check that the standard deviations satisfy the guideline for ANOVA infer
ence.

(c) Calculate the overall mean response , the mean squares MSG and MSE,
and the ANOVA F statistic.

(ci) Which F distribution would you use to find the P-value of the ANOVA F
rest? Software gives P < 0.001. Write a brief conclusion based on the sample
means and the ANOVA F test.

()



Attitudes toward math. Do high school students from different racial/ethnic3 groups have different attitudes toward mathematics? Measure the level of in
terest in mathematics on a 5-point scale for a national random sample of stu
dents. Here are summaries for students who were taking math at the time of the
survey:10

Raciallethnic group n s

African American 809 2.57 1.40
White 1860 2.32 1.36
Asian/Pacific Islander 654 2.63 1.32
Hispanic 883 2.51 1.31
Native American 207 2.51 1.28

(a) The conditions for ANOVA are clearly satisfied. Explain why.
(b) Calculate the ANOVA table and the F statistic.

(c) Software gives P < 0.001. What explains the small P-value? Do you think
the differences are large enough to be important?
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TABLE7(continu.d)
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