F71SB2   Statistics 2


Problem sheet 3 – CDF; Comparing distributions with data

You should try ALL questions.

You are required to hand-in your group solutions to problems 1 – 5.
1. Two socks are selected at random and removed in succession from a drawer containing five brown socks and four green socks. Let X be the random variable denoting the number of brown socks selected.

i) Determine the probability mass function of the random variable X.

ii) Determine the CDF of the random variable X and draw its graph.
2. Let the discrete random variable X have the following CDF:




0
for     x < –1 


           ¼ 
for   –1 ≤ x <  1

FX(x) =           ½ 
for     1 ≤ x < 3


           ¾ 
for     3 ≤ x < 5

1          for      x ≥ 5 .

a) Draw the graph of the CDF of X.

      b) Calculate the probabilities: i) P(X ( 3) ; ii) P(X = 3) ; iii) P(X < 3) ; iv) P(X ≥ 1).

3. i) Consider the random variable X ~ Poisson(λ). Show that
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ii) Consider now random variable X ~ Poisson(2). Using the result from i) above, calculate  P(X = k) for k=0,1,2,3,4 and P(X > 4).
4. An epidemiologist studies an outbreak of measles in a certain city.  He randomly selects 100 families, each containing 3 children, and records the number of children in each family (0, 1, 2, or 3) who contracted the disease during the epidemic.  He obtains the following results:


Number of children in family with measles (x)

0
1
2
3


 Number of families
(fx)



23
28
21
28

Now let X be a random variable representing the number of children in a family (with 3 children) who contract measles.  The epidemiologist believes that X follows a Bin(3, p) distribution for some value of p.

i)
Apply the method of moments (described in lectures) to the data above to estimate a plausible value for the parameter p.

ii)
Calculate the expected number of families in a sample of 100 that would fall into each of 4 categories above, assuming the estimated value of p.

iii)
Compare the estimated numbers with the actual numbers given above.  Do you think the binomial model fits these data well?   Give reasons why the binomial distribution might not be expected to fit the data particularly well.  (Hint:  Think how a disease spreads.  If a given child is infected is it more or less likely that their siblings are infected?)

5.
For a random sample of 50 motorists, the number of times each required to sit the driving test was noted.  The results were as follows.  


Number of attempts (x):

1
2
3
4
5        6      ≥7

Number of motorists (fx):
22
12
6
5
3        2       0

Assume that, for any individual, the probability that they pass the test on any attempt is p, and that the results of different attempts are independent random variables.

i)
If X is the random variable denoting the number of attempts an individual requires to pass, which distribution do you think could be appropriate for X?

ii)
Apply the method-of-moments to the above data set to estimate the unknown probability, p, is the distribution you identified in i).

iii)
Compare the expected numbers in each category with the observed numbers and decide whether the assumed distribution for X is plausible.

6. 
The three diagrams below depict the location of diseased plants in 3 experimental 8(8 plots.  In one (and only one) case the diseased sites are randomly located.  Use the method of “ordinary runs analysis” to identify which of A, B and C is most likely to be the random pattern. (See example in lectures.)




A

C





B
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