Chapters Six and Seven (Pagano and Gauvreau) Homework solutions

Chapter 6:

1. The frequentist definition of probability is based on the idea of repeated observations of an event of interest occurring in a very large number of outcomes of a random experiment. The ratio of these events to the total outcomes represents the probability of “the” event.

2. union, intersection, complement

3. Two events are mutually exclusive if their simultaneous occurrence has zero probability. Two events A and B are independent iff Pr(A\B) = Pr(A)

4. The value of Bayes’ Theorem is that it allows a researcher to reverse the order of conditioning of probabilities. It is applied in diagnostic testing in that we often know the sensitivity and specificity of a diagnostic test, as well as the prevalence of the disease being tested for. Then Bayes’ Theorem allows us to calculate the probability of having the disease given a positive test result.

5. Increasing the sensitivity of a diagnostic test would result in a reduction in specificity of the test.

6. Comparing the probabilities of disease in 2 different groups is done in many ways. One way is to look at the relative risk (RR) or odds ratio (OR) for the two diseases.

[Grade #13 – 2 points each for parts (a) and (b), 6 points for part (c)]

13. (a) Pr(false negative) = 1 – sensitivity = 0.15


(b) Pr(false positive) = 1 – specificity =0.20


(c) Simply using Bayes Theorem, we get

Pr (cancer\positive mammogram)=(0.85*0.0025)/[ (0.85*0.0025) +(0.20 * 0.9975)]






= 0.0105.


(Note that though this probability is small, it is still 4.2 times better than without the test, though whether this is good is debatable).

[Grade #18 – 5 points for RR; 5 points for OR; note that reciprocals can also be correct, if they are correctly calculated]

18. Here, we are comparing probability of pregnancy (the “disease”) related to exposure to various contraceptive devices, ranging from none onwards. The contraception reduces the risk of pregnancy, and so the ratios decrease. Of course, you can calculate the reciprocals of these numbers and conclude the same thing. I leave this as an exercise).

Method of contraception

pr(pregnancy)

RR

OR
None



0.431


1

1

Diaphragm



0.149


0.346

0.231

Condom



0.106


0.246

0.156

IUD



0.071


0.165

0.101

Pill




0.037


0.086

0.0507

Chapter 7: [Grade # 20; 2 points each part]

1. A probability distribution is a mathematical model of the behavior of a random variable.

2. The parameters of a probability distribution are the fixed mathematical constants that are required to completely characterize the distribution.

3. Binomial: fixed number of Bernoulli trials, constant probability of “success”’ independence

6
Normal: The normal distribution is mound-shaped, and is symmetrically disposed about its mean. The standard deviation occurs at the distance of the point of inflexion of the curve from the mean, measured horizontally from the mean.

7
The standard normal distribution is the normal curve for which probabilities under the curve are tabulated (Table A3 is an example). Every Normal curve can be standardized into a standard normal curve, using a z-transformation.

9
No. X is not Binomial (pollution is probably not independent from day to day, and the probability of CO surpassing a certain level is also not constant from day to day)

12
(a) mean = 6.96; sd = 1.7097


(b) Want pr(X = 10,11,12) , which equals 0.0642, using n=12 and p=0.58.


[Try display (1 – binomial(12,9,0.58)) or similar in STATA]

14
(a) Pr(X=1) = 0.05


(b)”at most 2” means 0, 1, or 2, and calculation gives us 0.1736


(c) “4 or more” means “1 – (3 or fewer), so we can calculate Pr(X=3) = 0.1687, and then use (b) to get 0.6577


(d) mean number of cases per month = 4.5 cases; sd of cases per month = 2.121

18. Diastolic BP ~ N(77, 11.6).

(a) Pr (X < 60) = Pr (z < -1.47) [you don’t have to do this step] = 0.0714 (table gives 0.071)

[Try display normal((60-77)/11.6) in STATA]

(b) Pr (X > 90) = 1 – Pr (X <90) = 1 – Pr (z < 1.12) = 1 – 0.8688 = 0.1312 (table gives 0.131)

(c) Pr (60 < X < 90) = 1 – (0.0714 + 0.1312) = 0.7974 (using (a) and (b))

19. Male weights ~ N (172.2 , 29.8)

(a) Pr (X < 130) = Pr (z < -1.42) = 0.0784 (table 0.078)

(b) Pr (X > 210) = 1 – Pr (X < 210) = 1 – Pr (z < 1.27) = 0.1023 (table gives 0.102)

(c) Pr (130 < X < 210) = 0.8193. This is the probability that one male is between these values. For five males selected from this group, the probability that ALL will have weights between 130 and 210 will be 0.8193^5 = 0.3692. Therefore the probability that at least one male has a weight outside 130 and 210 is 1- 0.3692 = .6308. (You could use the Binomial distribution as well, with n = 5, p = 0. 8193, and k  = 1, 2, 3, 4, 5)
20 
develops heart disease group: 
Cholesterol ~ N (244, 51)


no disease group:


Cholesterol ~ N (219, 41)


Prediction level for disease development is 260 or higher

(a) Pr (X > 260 given heart disease develops) = 0.3769

(b) Pr (X > 260 given no disease develops) = 0.1587 (this is a false positive)

(c) Pr (X < 260 given heart disease develops) = 1 – 0.3769 = 0.6231 (false negative)

(d) False negative decreases to 0.548, false positive increases to 0.227

(e) Looks pretty horrible to me, though I guess there is some use to it – you’d need additional info before making any decision. The problem is really that the two groups are not separated enough from each other. If you sketch the curves, you see that they overlap too much to make any suggested cutoff cholesterol level alone reasonable for this purpose.

