UNIVERSITY OF SWAZILAND

FINAL EXAMINATION PAPER 2010

TITLE OF PAPER : NONPARAMETRIC ANALYSIS
COURSE CODE : ST409
TIME ALLOWED : TWO (2) HOURS

REQUIREMENTS : CALCULATOR, GRAPH PAPER, AND STATISTI-
CAL TABLES

INSTRUCTIONS : ANSWER ANY THREE QUESTIONS



Question 1 [20 marks, 10+10]

(2) Derive the distribution of Spearman’s rho under the null hypothesis that there is no association
between two variables, X and Y, for n = 4.

(b} A certain store advertises that the waiting times at till queues are at most five minutes and they
encourage their patrons to lodge a complaint if they perceive their waiting time to be more than
five minutes. The store operates under the assumption that the waiting time in queues follows an
exponential distribution with parameter 0.33 (when the waiting time is measured in minutes). After
various complaints have been received, the store decides to investigate the distribution of waiting
times. The data below (in seconds) were observed waiting times in the store, measured at random

times,

6 78 120 174 312 324 366 366 534

(i) Sketch the empirical distribution function associated with the data.

(ii) Using an suitable test the appropriate hypothesis from the customer's perspective at the 5%
level of significance.

Question 2 [20 marks, 2+8+10]

Cancer cells were injected into six lab rats to study the effectiveness of a new treatment. Four rats received
the new treatment, while two rats were given a placebo. After four months the size of the tumors (cm)
were measured. These measurements are stated below:

Treatment (X} 0.8 00 07 1.1
Placebo (Y) 09 22

To test if treatment is effective in reducing the size of tumors:

(a) Sketch the empirical distribution functions on the same set of axes.

(b) State the appropriate hypothesis when using a Kolmogorov-Smirnov two-sample test and then per-
form the test corresponging to the hypothesis at the 1% level of significance.

(c) Determine the distribution of the appropriate test statistic under the null hypothesis.

Question 3 [20 marks, 12+48]

(a) The following weight (in kilograms) were observed for a random sample of grade 7 girls in a Swazi
school:

44 45 47 50 51 55 58 59 59 61
62 65 67 70 71 77 80 85 96 107



(b)

(i) Due to availability of fast food and lack of exercise, the school's governing body fears that
the 66 percentile of the weight of grade 7 girls has increased since the 1980s. The school
has records suggesting that the 66" percentile used to be 59kg. Test the governing body's
hypothesis with the most appropriate non-parametric procedure, using p-values.

(i) Find the 90% non-parametric confidence interval for the 66" percentile of the population of
2008 weight, stating the length and confidence level obtained for this interval with respect to
the data.

As part of a residence’s rag activities, the house committee has taken height and weight measure-
ments of their first year students for the past 24 years. One of the 2008 house committee members
thinks that males have become taller over time, due to better nutrition. The data provided is the
mean height (in cm) for males observed each year for the 24 years preceding 2008.

1984 1729 | 1992 172.0 | 2000 173.3
1985 172.0 | 1993 172.2|2001 173.3
1986 173.1 [ 1994 172.0 [ 2002 173.0
1987 1715|1995 171.8 | 2003 173.8
1988 173.0 11996 172.8 | 2004 172.0
1989 173.0 11997 171.8 | 2005 173.0
1990 173.0 | 1998 172.0 | 2006 172.8
1991 172.3 | 1999 172.1 12007 1428

Test the appropriate hypothesis using a variation of the binomial test at the 5% level of significance
for the data provided. Clearly state how you deal with the ties.

Question 4 [20 marks, 4+8+8]

(a)

(b)

()

As an indication of mathematical ability, learners write a test on the first day of the academic year.
It is assumed that the test resuits follow a normal distribution, but the parameters are unknown.
Twenty-five students, in a particular class (in 2009), wrote the test. The teacher wishes to know
if the data does in fact follow the normal distribution. Identity the most appropriate technique for
the teachers to use. Justify your answer and mention possible assumptions that are not met.

Consider two continuous independent random variables, X and Y, from two possibly different
populations and n and m observations for each random variable respectively. Let the Mann-Whitney
test statistic, S, be the sum of the ranks associated with the random variable X. Show that under
the null hypothesis the test statistic has E(S) = ﬂ”—?—”—lz and Var(S) = m(ﬂ_l";_"ﬁ_l)

The median income for a particular profession used to be SZL185000 per annum, five years ago.
Eleven such professionals were asked to disclose their current salaries and these were adjusted
for inflation. Have the adjusted salaries increased at a rate similar to that of inflation? Use an
appropriate test, generating the exact p—values to make your decision. Perform the test at the 1%
level of significance.

164000 181000 189000 192500
195600 213300 231800 234900
248700 256400 267200



Question 5

[20 marks, 648+6]

(a) A sample of teenagers was divided into male and female on the one hand, and those that are and
are not currently dieting on the other. It was hypothesized, that the proportion of dieting individuals
is higher among the women than among the men, and we want to test whether any difference of
proportions that we observe is significant. State the hypothesis and compute the p—value for the

the test.

Gender
Men Women Total
Dieting 1 9 10
Not dieting | 11 3 12
Total 12 12 18

(b} An electronics manufacturer wants to test the thickness of the insulation which covers three com-
peting brands of the same type of wire, using a sample of five randomly selected pieces of wire for
each brand and carefully measuring the thickness of the insulation in millimitres. The results of

these measurements are as follows.

Brand 1 Brand 2 Brand 3

24
2.3
2.2
2.0
26

2.0
22
2.5
2.6
2.7

2.6
26
2.6
20
2.7

Use a suitable procedure to test the hypothesis that the three competing brands are covered with
insulation of the same thinkness at the 1% level of significance.

{c} Suppose we record the gender of the 15 students enrolled in an introductory statistics course as

they enter the classroom.

MMFMMFMMFFMMMMEF

Which test would you use to disprove the claim that there is some grouping by gender in the way
students enter the classroom. State the hypothesis and mention any assumptions that would have

to be satisfied for the test to be valid.
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