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M Review of Basic Statistical Concepts

Construct a 95% confidence interval estimate of
the difference between the mean GMAT scores for
the two groups,

33. Two suppliers are being considered by a manufac-
turer. Independent random samples of ten parts from
shipments from each supplier are selected, and the
lifetime in hours for each part is determined for each
sample. Use the following information to construct a
98% confidence interval estimate of the difference
in the population average lifetimes. Assume that the
population variances are equal and the populations
are normally distributed.

Supplier 1 Supplier 2
Sample size 10.0 10.0
Sample mean 15.0 11.0
Sample standard
deviation 1.5 1.0

34. To help validate a new employee-rating form, a
company administers it to independent random
samples of employees in two different divisions.
The following information is obtained from the
scores on the forms:

Division 1 Division 2
Sample size 15.0 15.0
Sample mean 82.0 78.0
Sample standard
deviation 3.0 2.5

Use the information to construct a 95% confidence
interval estimate of the difference in mean scores
between the two divisions. Assume that the

population variances are equal and the populations
are normally distributed.

35. The one-year returns for a random sample of 51

& load mutual funds and 32 no-load funds were
obtained. The returns are in a file named RE-
TURNS2. Construct a 95% confidence interval
estimate of the difference between the population
nean returns.

These data are arranged in the file in two columns.
The first column contains the returns for the funds
and the second column indicates to which sample
(load = 1, no-load = 0) each value in column 1
belongs (in the Excel spreadsheet, the returns are
in two separate columns).
(Source: Used with permission from the September issue of
Kiplinger's Personal Finance, Copyright € 2002. The Kiplinger
Washington Editors, Inc.)

36. The file named PRIVATE?2 contains the graduation

&P rates for 195 schoois and a variable coded 1 for
private schools and 0 for public schools. Construct
a'99% confidence interval estimate for the differ-
ence between population average graduvation rates
for public and private schools.

These data are arranged in the file in two columns.
The first column contains the graduation rates and
the second column contains the private school
variable (in the Excel spreadsheet, the graduation
rates are in two separate columns for private and
public schools). '
(Source: Used by permission from the November and December
2003 issues of Kiplinger’s Personal Finance. Copyright © 2003
The Kiplinger Washington Editors, Inc. Visit our website at

kil for further information).

2.9 HYPOTHESIS TESTS ABOUT THE DIFFERENCE BETWEEN TWO

POPULATION MEANS

We may be interested in testing hypotheses about the difference between two popu-
lation means rather than estimating that difference. The most common hypotheses
tested in comparing two populations are

Hy: py = o
Hypy # pp

The nnll hunnthacic etatac that tha means of the twa nannlatione ars amial whersag

2.9 Hypothesis Tests About

restated in terms of the difference betweed two

Hy: oy — iy
Hpp —
The decision rule for the test is
Reject Hyif > lan,df OVt < ~top 4¢
Do not reject H,) if landf S top 4y

The construction of the test statistic, £, depends
can be assumed equal. If g3 = o3, then

y1—y
1
2 =
nvAE +

and the critical value, tap2,4f. is chosen with df -

The pooled estimate of the population variance
dard deviation of the sampling distribution.
If 0? # g% then

I =

Y1 ¥

Aml
7

ny

I =

and the approximate critical value is chosen with

Ao (stim + 53
[(si/m)(ny = 1] + ((:

degrees of freedom,

The justification for using two different stan
statistics is the same as that for constructing the ¢
section.

Figure 2.28 shows the three possible hypoth
be used, and the decision rules for the case whe
similar information for o} # o2,

EXAMPLE 2.11

i

Consider again the 5-year return data for the |

examined in Example 2.10 of Section 2.8 (),
Let u; represent the population mean 5-year

resent the population mean 5-year return for no-lo

Hot o — 11r =
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Based on the test results, the null hypothesis should not be rejected. The  statis-
tic or the p value can be used to reach this decision. If the ¢ statistic is used, the deci-
sion rule is

Reject Hyift > 196 0rt < -1.96

Do not reject Hy if -1.96 = ¢ = 1.96
There are 56 degrees of freedom for this test, so the z value of 1.96 was used as the
critical value. Note that Excel provides the ¢ value for 56 degrees of freedom for a
two-tailed test: 1 = 2.00. This value could be used (and is in fact preferred) rather

than the z value if it is available. The test statistic value is ¢ = 0.76.
If the p value is used, the decision rule is

Reject Hy if p value < 0.05

Do not reject Hy if p value = 0.05

where the p value is 0.45. As always, both procedures lead to the same decision.
The statistical decision is do not reject the nuil hypothesis, so we conclude that
there is no difference between the average 5-year returns for load and no-load mu-

tual funds.

EXERCISES

37. Consider again Exercise 32 in Section 2.8. Two

independent random samples of applicants to
business schools who had and did not have work
experience were chosen. Each sample contained
50 applicants. To determine whether there is a
difference in the population average test scores,
the following hypotheses should be tested:

Hy:py —pa =0
Hypg = pa #0

Use a 5% level of significance. State the decision
rule, the test statistic, and your decision. What
implication do these test results have for admis-
sions officers in MBA programs?

. Use the information in Exercise 33. Suppose that
the manufacturer currently uses supplier 2. A
change to supplier 1 will be made only if the
average lifetime of parts for supplier 1 is greater
than the average for supplier 2. Using a 1% level
of significance, conduct the appropriate test.
State the hypotheses to be tested, the decision
rule, the test statistic, and your decision. Assume
that the population variances are equal and the

39.

basis of the test resuit, which supplier will the
manufacturer choose?

Use the information in Exercise 34. Is there a
difference in population mean rating scores for
the two divisions? State the hypotheses to be
tested, the decision rule, the test statistic, and
your decision. Assume that the population vari-
ances are equal and the populations are normally
distributed. Use a 5% level of significance.

40. The 1-year returns for a random sample of 31
& 10ad mutual funds and 32 no-load funds were

obtained. Test to see if there is any difference
between the population average 1-year returns
for load and no-load funds. Use a 5% level of
significance. State the decision rule, the test
statistic, and your decision. Is there a difference
in the population averages? Based on the test
results, what conclusions do you draw concern-
ing investment in load versus no-load funds?
The returns are in a file named RETURNS2, See
Exercise 35 for a further description of the data
in the file.

41.Let g = the population average graduation rate

average graduation rate for private schools. Sup-
pose that a claim is made that private schools have
higher graduation rates, on average, than public
schools. Examine the claim by testing the following
hypotheses:

mcn§|t._.WG

ADDITIONAL EXERCISES

42, A university wanis to examine starting monthly
& salaries for its finance and marketing graduates.

Independent random samples of 12 finance gradu-
ates and 12 marketing graduates are selected from
the files of last year's graduates. The following
starting salaries are obtained from these people:

Finance Marketing

1850 1675

2150 1275

1700 1800

1500 2100

2200 2200

1650 2250

2100 1950

2140 1850

1790 2000

1650 1800

2300 2100

2000 2150

Use these data to determine the following:

2. Find the sample mean starting salaries for
finance graduates and marketing graduates
(separately).

b. Construct a histogram for starting salaries in
both finance and marketing.

¢. Construct a 95% confidence interval estimate of

the population mean starting salary for finance
majors. Do the same for marketing majors.
Assume that the populations of starting salaries
for both groups are normally distributed.

The data are available in the file named

SALARY?2. The salary data are in column one.

The second column indicates to which sample

each column one value belongs: 1 = fnance;

0 = marketing (in the Excel spreadsheet, the

-

Usea 3%
sion rule,
the claim
contains t
for a furtl

43, Consider.
salaries ir

a. Cond
lation

jors a

tested

your

b. What

in par

44. A telemar
& sales appr
over the p

20 salespe
proach 1«
number of

ber of sub

Appr
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59.

Review of Basic Statistical Concepts

determine the percentage of days that more than
*425 vehicles used the intersection. Suppose the
mean for the data was 375 vehicles per day and
the standard deviation was 25 vehicles. What can
you say about the percentage of days that more
than 425 vehicles used the intersection? Assume

the distribution of the data is a normal distribution.

Cur company manufactures a certain electronic
component for use in the new F-22 fighter being
built by Lockheed. We want to test the reliability
of the components, and we think testing a random
sample of 50 components will be sufficient. The
population standard deviation of the lives of the
components is known to be 10 hours. If we use a
random sample of 50 components, what is the
probability that our sample mean will be within
{plus or minus) 2 hours of the true population
average lifetime of the components?

Process Capability. Specification limits for a
particular characteristic of a product indicate the
values at which the product will operate properly.
Specification limits are set by engineering and are
not determined by the data. The data must be
examined to determine whether the product is
within specifications. If the product is within
specification limits, the process generating the
product is often referred to as capable. For exam-
ple, assume we have a product with an upper
specification limit of USL = 4.25 and a lower
specification limit of LSL = 3.0. As long as our
product falls within these limits our buyers will
be happy. We now investigate the process used to

USING THE COMPUTER

The Using the Computer section in each chapter describes how to perform the com-
puter analyses in the chapter using Excel, MINITAB, and SAS. For further detail on

Excel, MINITAB, and SAS,

EXCEL
Descriptive Statistics

TOOLS: DATA ANALYSIS: HISTOGRAM

61.

62.

manufacture the product and find that the process
mean is 4 and the process standard deviation is
0.2. Assuming the process is normally distributed,
what percentage of items will fall outside the
specification limits? Should we make changes in
the process? If so, what would you suggest?

By law, a manufacturer of a food product is re-
quired to list Food and Drug Administration
(FDA) estimates of the contents of the packaged
product. Suppose the FDA wants to estimate the
mean sugar content (by weight) in 16-cunce boxes
of “Disney Chocolate Mud and Bugs™ cereal. The
FDA randomly selects 200 boxes of Disney
Chocolate Mud and Bugs, measures the sugar
content in each, and computes a 95% confidence
interval estimate of the average sugar content to be
(3.2,4.5).

The manufacturer plans to use the interval to
claim that 95% of all boxes of Disney Chocolate
Mud and Bugs cereal have sugar content weights
between 3.2 and 4.5 ounces. Is this a correct
interpretation of the interval? Justify your answer.
Suppose a sample of 2 = 100 items is randomly
chosen. The following hypotheses are to be tested:

Hou =10

H u > 10
A p value of 0.0409 for the test is obtained. If the
population standard deviation is 5, what would the

value of the sample mean have to be in order to
achieve the stated p value?

see Appendix C.

Click Tools, then Data Analysis, and then Histogram. Histogram creates a frequency
distribution and a histogram. In the histogram dialog box (see Figure 2.34), fill in the

FIGURE 2.34 Excel Histogram Dialog Box. 100
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spreadsheet to put your frequency distribution
check the Output Range button and put C3 in
starts in cell C3. Check the New Worksheet |
quency distribution/histogram on a new ply in
the worksheet ply if you want. Check New 1
quency distribution/histogram in a completely
The next three options determine exactly wh
If you want only a frequency distribution, do not
option constructs a histogram with the bins arran
tion is often not very useful when quantitative
qualitative data are used and the order of importa
A Pareto chart is often used in quality control sity
plaints are being monitored and the most frequer
Pareto chart emphasizes those complaints by li:
centage option constructs a histogram but supe
represents the cumuiative percentage (sometim
quests Excel to construct a histogram in addition
Once you have the options set as you want
TOCLS: DATA ANALYSIS: DESCRIPTIVE STATISTICS

Click Tools, then Data Analysis, and then De
generates a variety of descriptive statistics (ses
tistics dialog box (see Figure 2.35), fill in the i
descriptive statistics are desired. Typically, thi:
tion is available to indicate whether it is in a c«
tion and click Summary statistics. Click Conf



