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Answers for Assignment 2

1.   Quote A.  The first quote appears to be a use of subjective probability.  The commentator has made a personal judgment that the Premier would make the announcement, but does not attach a number to it, although “probably” implies a large probability (0.7 or more?).  There is no way that this probability could be determined by the classical approach since not all the possibilities are known, nor are the outcomes of equal likelihood.   Since the Premier was new to the office at the time, there is no prior record of how he made announcements, so there are not data on which to construct a frequency based estimate of the probability.

Quote B.  The likelihood appears to be based on the frequency interpretation of probability.  The quote makes reference to employees as a whole and those in primary and health occupations.  In order to make statements of this type, these employees would have had to be surveyed and the findings cited in the article come from the data provided by the employees.  Presumably the sample was large so the frequency approach provides these estimates.
Independence and dependence.  The first and second sentences imply dependence of stress on occupation.
P(interpersonal relations a source of stress | primary occupations) = 0.10

P(interpersonal relations a source of stress) = 0.16

P(interpersonal relations a source of stress | health occupations) = 0.21

P(interpersonal relations a source of stress) = 0.16

So the event that interpersonal relations were a source of stress is dependent on being in a primary occupation and is also dependent on being in a health occupation.

The last sentence implies an independence of the events of being in most occupations and the event of feeling stressed at work because of poor interpersonal relations, although numerical values are not provided.   The statement that the likelihood does not differ from the average means that the overall likelihood is not changed by being in these occupations.

2.  Tree diagram.  

Sorry, I didn’t get this part down electronically.   I’ll scan the handmade chart I constructed and add it later.
b. Probabilities from the tree diagram. n=45 for this group.
i.  9 M and 2 F respond “indifferent” so P (indifferent) = 11/45 = 0.244
ii.  For M, there are 4 weak yes and 3 strong yes and for F, there are 3 weak yes and 4 strong yes, for a total of 14 responses.  

P (yes) = P (weak yes or strong yes) = 7/45 + 7/45 = 14/45 = 0.311.  Since weak yes and strong yes are mutually exclusive, the union of the two is simply the sum of the two probabilities.

iii.  There are 5 strong no and 5 weak no responses among males so P(male and no) = 10/45 = 0.222.   This is the intersection of male and no.  Again the two events of strong no and weak no that make up a response of no are mutually exclusive, so the numbers can be added.

iv. There are 5 strong no and 5 weak no responses among females and there are 19 females in total so P (no | female) = P (strong no U weak no | female) = (5+5)/19 = 10/19 = 0.526.  
c.  Cross-classification table and probabilties. 
	Response
	Code for response
	Number of males
	Number of females
	Total

	Strong no
	1
	5
	5
	10

	Weak no
	2
	5
	5
	10

	Indifferent
	3
	9
	2
	11

	Weak yes
	4
	4
	3
	7

	Strong yes
	5
	3
	4
	7

	Total
	
	26
	19
	45


Probabilities from the cross-classification table:
i.  P(male or weak no)
= P(male) + P(weak no) – P(male ∩ weak no) 



= 26/45 + 10/45 – 5/45 = 31/45 = 0.689

ii. P(yes | female) = P( yes ∩ female) / P(female) = (7/45) / (19/45) = 7/19 = 0.368.  Note that there are 7 respondents who were both female and answered either weak yes or strong yes and these latter two events are mutually exclusive.

iii.  P(male | no) = P( male ∩ no) / P(no) = (10/45) / (20/45) = 10/20 = 0.500.  There are 5 + 5 or 10 males who answered either strong no or weak no, two mutually exclusive events.
iv.  Events of male and indifferent.

Check whether P(male) equals P(male | indifferent).

P (male) = 26/45 = 0.578

P (male | indifferent) =  9/11 = 0.818

And these two probabilities are not close to being equal, so the event of male is dependent on the event of an indifferent response.

Alternatively, check whether P(indifferent) equals P(indifferent | male)
P(indifferent) = 11/45 = 0.244
P(indifferent | male) = 9/26 = 0.346
And again this demonstrates that the events of male and indifferent are dependent on each other.

Events of female and weak yes.

Check whether P(female) equals P(female | weak yes).

P (female) = 19/45 = 0.422

P (female | weak yes) =  3/7 = 0.429

And these two are very close to being equal, so the events of being female and responding weak yes are independent of each other for all practical purposes.

Alternatively, check whether P(weak yes) equals P(weak yes | female)

P(weak yes) = 7/45 = 0.156

P(weak yes | female) = 3/19 = 0.158

And again these two are practically identical so that the events of being female and responding weak yes are independent of each other.

d. Difference in responses by gender. While there are many ways of proceeding to analyze this, I reorganized the table into column proportions or conditional probabilities of the responses given male and conditional probabilities of the responses given female, along with the overall proportions giving each response.  These are as follows: 

	Response
	Code for response
	Number of males
	Number of females
	Total

	Strong no
	1
	0.192
	0.283
	0.222

	Weak no
	2
	0.192
	0.263
	0.222

	Indifferent
	3
	0.346
	0.105
	0.244

	Weak yes
	4
	0.154
	0.158
	0.156

	Strong yes
	5
	0.115
	0.211
	0.156

	Total
	
	0.999
	1.000
	1.000


From this table or from the tree diagram, the main difference by gender is that females are more likely than males to report a strong response (strong no or strong yes) and less likely to be indifferent.   In fact, the probability of males being indifferent (0.346) is over three times as large as the probability that females are indifferent (0.105).   Females are more likely to report no (0.283 + 0.283 = 0.566) than are males (0.192 + 0.192 = 0. 384).  But females are also more likely to report yes ((0.158 + 0.211 = 0.369) than are males (0.154 + 0.115 = 0.269).   As a result, on average there is little difference between males and females but the females are more dispersed in their responses.  Out of curiosity, I used the SPSS program to obtain the means and standard deviations and the results were as follows.  
[image: image1.wmf]Report

LEGAL

2.81

26

1.266

2.79

19

1.548

2.80

45

1.375

GENDER

male

female

Total

Mean

N

Std. Deviation


That is, if responses are treated as having an interval level scale (ASW, 6-7), even though responses are only measured on an ordinal scale, the mean for males and females is almost exactly equal.  Note though that because males are more concentrated at the “indifferent” response, the standard deviation for males is smaller for males than for females.  Females responses are more concentrated at “no” or “yes” with fewer responses at the middle of the scale, so that the standard deviation is larger for females.
3. Probability distribution, expected value, and variance. The tables are as follows – first the frequency distribution and then the probability distribution.
	Age (x)
	Frequency

	16
	4

	17
	0

	18
	19

	19
	10

	20
	5

	21
	7

	Total
	45


	Age (x)
	Probability f(x)

	16
	0.089

	17
	0.000

	18
	0.422

	19
	0.222

	20
	0.111

	21
	0.156

	Total
	1.000


The following table provides the expected value.

	Age (x)
	f(x)
	x f(x)

	16
	0.089
	1.424

	17
	0.000
	0.000

	18
	0.422
	7.596

	19
	0.222
	4.218

	20
	0.111
	2.220

	21
	0.156
	3.276

	Total
	1.000
	18.734


And the expected value is 18.734 years.   The table on the following page provides the calculations for the variance.

	Age (x)
	P(x)
	x P(x)
	x-µ
	(x-µ)2
	(x-µ)2P(x)

	16
	0.089
	1.424
	-2.734
	7.474756
	0.665253

	17
	0.000
	0.000
	-1.734
	3.006756
	0.000000

	18
	0.422
	7.596
	-0.734
	0.538756
	0.227355

	19
	0.222
	4.218
	0.266
	0.070756
	0.015708

	20
	0.111
	2.220
	1.266
	1.602756
	0.177906

	21
	0.156
	3.276
	2.266
	5.134756
	0.801022

	Total
	1.000
	18.734
	
	
	1.887244


 The mean is 18.734 years for DrinkAge, the variance is 1.887 years squared, and the standard deviation is 1.374 years.
The interval within one standard deviation of the mean is 18.734 plus or minus 1.374 and this is the interval (17.360, 20.108).   The sum of the probabilities of being in this interval is 0.422 + 0.222 + 0.111 = 0.755.   The interval of two standard deviations of the mean is 18.734 plus or minus 2x1.374 or from 18.734 plus or minus 2.748.  This interval is (15.986, 21.482).  Since all the values of x are within this interval, the probability of a randomly selected case being within two standard deviations of the mean is 1.000.

4.  Binomial probabilities for ASW, #35, p. 209.

If there are 20 students, n=20.  Let success be defined as withdrawing from the course so that p = 0.2.  The tables below give calculations for the binomial probabilities, first from the formula and then using Excel.  The appendix table could have been used instead.
	No. of withdrawals (x)
	Some of the calculations for the probabilities
	f(x)

	0
	[20!/(0!)(20-0)!]0.200.820 = 0.820
	0.01153

	1
	[20!/(1!)(20-1)!]0.210.819 =20x0.2x0.01441
	0.05765

	2
	20!/(2!)(20-2)!0.220.818 = 
[(20x19)/2]x0.04x0.01801
	0.13691

	3
	20!/(3!)(20-3)!0.230.817 = [(20x19x18)/3x2]x0.008x0.02252
	0.20536

	4
	20!/(4!)(20-4)!0.240.816 = 
0.00016x0.02815
	0.21820


For the Excel worksheet, I put n in cell a1 and p in cell a2.

	20
	
	
	

	0.2
	
	
	

	
	
	0
	0.011529215

	
	
	1
	0.057646075

	
	
	2
	0.136909429

	
	
	3
	0.205364143

	
	
	4
	0.218199402


	20
	
	
	

	0.2
	
	
	

	
	
	0
	=BINOMDIST(C3,$A$1,$A$2,FALSE)

	
	
	1
	=BINOMDIST(C4,$A$1,$A$2,FALSE)

	
	
	2
	=BINOMDIST(C5,$A$1,$A$2,FALSE)

	
	
	3
	=BINOMDIST(C6,$A$1,$A$2,FALSE)

	
	
	4
	=BINOMDIST(C7,$A$1,$A$2,FALSE)


a.  The probability that two or fewer withdraw is f(0) + f(1) + f(2) = 0.0115 + 0.0576 + 0.1369 = 0.2060 or, to two deceimals, 0.21.
b.  The probability of exactly four withdrawing is f(4) = 0. 2182 or, 0.22 to two decimals.
c.  Using the above tables, the probability of more than three withdrawing is most easily determined by recognizing that it is the complement of the event of three of fewer withdrawing.  That is, either three or fewer withdraw or more than three withdraw.  Thus the required probability is f(more than 3) = 1 – f(3 or fewer) = 1 – (0.0115 + 0.0576 + 0.1369 + 0.2054) = 0.4114 or 0.41, to two decimals.
d.  The expected number of withdrawals is more easily calculated using the formula, as follows:
E(x) = np = 20 x 0.2 = 4.0
and the expected number of withdrawals is 4.

5.  Normal probabilities and distributions.  

a.  For ages 15-24, μ=1420 and σ=730 and for ages 25-34, μ=1965 and σ=604
	
	Ages 15-24
	Ages 35-44

	x
	Z
	Cum p
	z
	Cum p

	250
	-1.60
	0.0548
	-2.84
	0.0023

	750
	-0.92
	0.1788
	-2.01
	0.0222

	1250
	-0.23
	0.4052
	-1.18
	0.1190

	1750
	0.45
	0.6736
	-0.36
	0.3594

	2250
	1.14
	0.8729
	0.47
	0.6808

	2750
	1.82
	0.9656
	1.30
	0.9032


	
	Ages 15-24
	Ages 35-44

	x
	p
	Normal n
	Actual n
	p
	Normal n
	Actual n

	<250
	0.0548
	27
	0
	0.0023
	2
	0

	250-750
	0.1240
	62
	129
	0.0199
	14
	39

	750-1250
	0.2264
	114
	91
	0.0968
	66
	44

	1250-1750
	0.2684
	135
	93
	0.2404
	164
	74

	1750-2250
	0.1993
	100
	132
	0.3214
	220
	380

	2250-2750
	0.0927
	47
	34
	0.2224
	152
	63

	2750+
	0.0344
	17
	23
	0.0968
	66
	84

	
	1.0000
	502
	502
	1.0000
	684
	684


The above table gives the comparison of the actual number in each interval and the number that would be in each interval if the distribution of hours worked were exactly normally distributed, with the given means and standard deviations.
b.  Each of the two distributions of actual hours worked is different from a normal distribution of hours worked.   For the younger age group, the distribution does not peak at the centre, but has two peaks, at 250-750 and 1750-2250 hours.  Although these are distinct peaks, across this range from 250 to 2250, the distribution for the younger group is somewhat similar to a uniform distribution.    However, at the upper end of hours worked, the distribution for the 15-24 year olds is similar to a normal distribution.  The number who work 2250 or more hours declines and as larger values of hours worked occurs.  In fact, there are 57 who worked this many hours, only a few less than the 64 that would have occurred if the distribution were exactly normal.
For the older age group, the actual distribution has a peak right around the mean, so that is similar to the normal distribution.  But the peak is much greater than for the normal distribution.  For the very top interval and for the range from 250-1250 hours, the normal and actual distribution are not all that different.  However, just below the upper end, there are relatively few workers, with more in the top interval, contrary to what one would expect in a normal distribution

In summary, neither distribution is very close to a normal distribution.
c.  From Table 1, there are 259 + 264 = 523 who worked 1250 hours or less.  If one randomly selects from the population, the probability of selecting a worker with this characteristic is p = 523 / 2486 = 0.21038.  For the binomial, n = 6 and p = 0.21038.  
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	0.242387
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	0.387477
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	0.258091

	
	3
	0.091685

	
	4
	0.018321

	
	5
	0.001953

	
	6
	8.67E-05

	
	
	1


The probability of selecting exactly four workers with 1250 hours or less is 0.0183.

The probability of selecting four or more such workers is the sum of the probabilities of 4, 5, or 6 and this is 0.01832 + 0.00195 + 0.00009 = 0.02036.

