
UNIVERSITY OF OSLO
Faculty of mathematics and natural sciences

Examination in STK4900 — Statistical methods and applications.

Day of examination: Tuesday, 2 June, 2015.

Examination hours: 09.00 – 13.00.

This problem set consists of 6 pages.

Appendices: Tables of the standard normal distribution,
the chi-square distributions, the t distributions,
and the F distributions.

Permitted aids: All printed and hand-written resources.
Approved calculator.

Please make sure that your copy of the problem set is
complete before you attempt to answer anything.

Problem 1. Timolol against heart attack?
An idea that emerged a couple of decades ago was that patients suffering from acute infarctus
might benefit from being treated with timolol, a substance belonging to the so-called beta-
blockers. It was hoped that this would reduce the amount of creatine kinase (an enzym released
by the infarctus) which is a reflection of the severity of the heart attack and measured through
the blood. In an international pooling of resources there were 113 patients among whom 55 were
given the treatment with the rest as placebo. A summary of the results were as follows:

number mean sd
placebo 58 2165.3 1451.3
treatment 55 1659.2 1012.0

with the measurements being the number of creatine kinase units per liter blood. The smaller
average in the treatment group might suggest some advantage in timolol use.

a) What is in a case like this meant by randomization and explain why it should be done
whenever possible?

b) Compute for each of the two groups 95% confidence intervals for the mean creatine kinase
release. Do they overlap? Explain why the two intervals are likely to reflect rather faithfully the
target of 95% confidence.

c) Compute an estimate of the pooled standard deviation of the two groups and use it to test

(Continued on page 2.)
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whether the observed benefit in timolol treatment is statistically significant. Is this a one-sided
or two-sided situation?

Problem 2. Sales promotion of crackers.
A company wished to study the effect of three different sales promotion techniques, and 15
shops were selected as experimental units. Each store was randomly assigned one of the pro-
motion types in a way ensuring that each way of promotion was used with exactly 5 shops.
The number of products sold (y) was recorded during the experimental period, and information
on the sales (x) for the preceding period was also available. That gave the following observations:

promotion 1 promotion 2 promotion 3
y x y x y x
38 21 43 34 24 23
39 26 38 26 32 29
36 22 38 29 31 30
45 28 27 18 21 16
33 19 34 25 28 29

It is possible to compare the sales promotion techniques by using one-way analysis of variance.
That will produce an analysis of variance table:

sums of squares df mean squares F-value
Treatments 338.8 ?? ?? ??
Error 307.6 ?? ??
Total 646.4

a) Fill in the the question marks in the table and judge whether we are able to detect sig-
nificant differences between the sales promotions. Judge the approach and draw attention to its
weak spots, as many as you can.

An alternative way is to introduce sales in the preceding period as explanatory variable and
use regression. This was below done by introducing the indicator variables v2 and v3 with
v2 = 1 for those shops for which promotion 2 was used and v3 = 1 when it was promotion 3;
otherwise v2 and v3 were 0. An R-computation gave the following results:

summary(glm(y~x+v2+v3,family=gaussian))

Call:
glm(formula = y ~ x + v2 + v3, family = gaussian)

Deviance Residuals:
Min 1Q Median 3Q Max

-2.4348 -1.2739 -0.3362 1.6710 2.4869

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) 17.3534 2.5230 6.878 2.66e-05 ***

(Continued on page 3.)
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x 0.8986 0.1026 8.759 2.73e-06 ***
v2 -5.0754 1.2290 -4.130 0.00167 **
v3 -12.9768 1.2056 -10.764 3.53e-07 ***
---
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

(Dispersion parameter for gaussian family taken to be 3.506483)

Null deviance: 646.400 on 14 degrees of freedom
Residual deviance: 38.571 on 11 degrees of freedom
AIC: 66.735

Number of Fisher Scoring iterations: 2

c) Which of the three sales promotion techniques seems to be the best one? Could that reason-
ably be due to chance? If a shop sells 40 units of crackers what value would you predict for the
sale under the three sales promotion campaigns?

d) Explain why the estimated random error is a good deal lower than it was in a).

Problem 3. Sex bias in admission practice at UC Berkeley?
A classical data set from 1973 shows admissions by gender to the top six graduate programs at
the University of California, Berkeley. The reason for its interest was a claim that it demonstrates
a bias against admitting women to the university.

Aggregating over the graduate programs the data can be summarized by the following 2×2 table:

Gender Admitted Rejected Total
Male 1198 1493 2691
Female 557 1278 1835
Total 1755 2771 4526

a) Calculate the test statistic of the chi-square test for the null hypothesis of no difference in
admission practice among male and female applicants. What is the conclusion if you use a
significance level of 1%?

You may use the following output from R:

Admitted Rejected
Male 1043.461 1647.539
Female 711.539 1123.461

where the table records the expected numbers of each cell under the null hypothesis. How
are the numbers in this table calculated? Show the calculation of the upper left number in
the table.

(Continued on page 4.)
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Below is a table where the students are distributed according to graduate program. Here, prog
corresponds to graduate programs, named A-F; yes is the number admitted ; while no is the
number rejected for each combination of the factors gender and prog.

gender prog yes no
1 Male A 512 313
2 Male B 353 207
3 Male C 120 205
4 Male D 138 279
5 Male E 53 138
6 Male F 22 351
7 Female A 89 19
8 Female B 17 8
9 Female C 202 391
10 Female D 131 244
11 Female E 94 299
12 Female F 24 317

b) Explain how we may use logistic regression to analyze these data.

Give an explicit formulation of the logistic regression model where the response (y = 1)
is admitted, and gender is the only covariate in the model. Let the latter be coded as a
binary variable x1 with x1 = 0 for females and x1 = 1 for males.

When we fit the logistic regression model in R, with gender as the only covariate, we get the
result:

Call:
glm(formula = cbind(yes, no) ~ gender, family = binomial)

Estimate Std. Error z value Pr(>|z|)
(Intercept) -0.83049 0.05077 -16.357 <2e-16
genderMale 0.61035 0.06389 9.553 <2e-16

Null deviance: 877.06 on 11 degrees of freedom
Residual deviance: 783.61 on 10 degrees of freedom

(edited output)

c) Define what is meant by the odds ratio between male and female applicants with respect
to the outcome admitted.

Calculate the estimated odds ratio based on the above R-output.

How would you calculate the corresponding odds ratio using the 2×2 table given in the
beginning of the Problem? Do the calcualtion and compare to the result obtained using
the R-output. What do you find?

(Continued on page 5.)
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In the previous analyses we have not used the information on graduate program. We now fit the
model with both gender and prog as factors, obtaining the following R-output:

Call:
glm(formula = cbind(yes, no) ~ gender + prog, family = binomial)

Estimate Std. Error z value Pr(>|z|)
(Intercept) 0.68192 0.09911 6.880 5.97e-12
genderMale -0.09987 0.08085 -1.235 0.217
progB -0.04340 0.10984 -0.395 0.693
progC -1.26260 0.10663 -11.841 < 2e-16
progD -1.29461 0.10582 -12.234 < 2e-16
progE -1.73931 0.12611 -13.792 < 2e-16
progF -3.30648 0.16998 -19.452 < 2e-16

Null deviance: 877.056 on 11 degrees of freedom
Residual deviance: 20.204 on 5 degrees of freedom

(edited output)

d) Discuss briefly the above R-output. What is now the effect of gender? Is it significant in
this model?

Use the difference in (residual) deviance of the present model and the former one to test
the null hypothesis that, in a model which includes gender, the probability of admission
depends on the graduate program. Calculate the test statistic and find the relevant number
of degrees of freedom. What is the conclusion?

The results obtained so far indicate a possible interaction between the factors gender and prog.
In order to investigate this, the following R-output was obtained:

Call:
glm(formula = cbind(yes, no) ~ gender + prog + gender:prog, family = binomial)

Estimate Std. Error z value Pr(>|z|)
(Intercept) 1.5442 0.2527 6.110 9.94e-10
genderMale -1.0521 0.2627 -4.005 6.21e-05
progB -0.7904 0.4977 -1.588 0.11224
progC -2.2046 0.2672 -8.252 < 2e-16
progD -2.1662 0.2750 -7.878 3.32e-15
progE -2.7013 0.2790 -9.682 < 2e-16
progF -4.1250 0.3297 -12.512 < 2e-16
genderMale:progB 0.8321 0.5104 1.630 0.10306
genderMale:progC 1.1770 0.2996 3.929 8.53e-05
genderMale:progD 0.9701 0.3026 3.206 0.00135

(Continued on page 6.)
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genderMale:progE 1.2523 0.3303 3.791 0.00015
genderMale:progF 0.8632 0.4027 2.144 0.03206

Null deviance: 8.7706e+02 on 11 degrees of freedom
Residual deviance: 0 on 0 degrees of freedom

(edited output)

e) Explain why the model with interactions gives a significantly better fit to the data than
the previous one. (Perform a formal hypothesis test).

What is now the main effect of gender? Give a comment.

Consider a male and a female student, respectively, applying for admission to program
A. What is, based on the last R-output, the estimated odds ratio between the two for
admission to the program? Also, find an approximate 95% confidence interval for this odds
ratio.

Then show that the odds ratio for male students versus female students is less than 1 for
programs A, B, D, F and is only slightly larger than one for programs C and E.

Give a comment to what you have found in this subpoint, in view of the initial claim and
the findings in subproblems a) and c). (The apparently opposite conclusions are related to
what is known in the statistics literature as Simpson’s paradox.)

END


