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Statement of Academic Integrity

The School of Management does not condone academic fraud, an act by a student that may result in a
false academic evaluation of that student or of another student. Without limiting the generality of this
definition, academic fraud occurs when a student commits any of the following offences: plagiarism or
cheating of any kind, use of books, notes, mathematical tables, dictionaries or other study aid unless an
explicit written note to the contrary appears on the exam, to have in his/her possession cameras, radios
(radios with head sets), tape recorders, pagers, cell phones, or any other communication device which
has not been previously authorized in writing.

Statement to be signed by the student:

| have read the text on academic integrity and | pledge not to have committed or attempted to commit
academic fraud in this examination.

Signed:

Note: a paper without that signed statement will not be graded and will receive a final exam grade of
zero.




Questions 1-5. Hepatitis C in British Columbia. On World Hepatitis Day, July 28, 2014, the BC Centre for
Disease Control stated that 3% of British Columbians (about 130,000 people) were infected with
hepatitis C. Although there is no vaccination against hepatitis C, it can be cured with a daily combination
pill that cures 95% of patients. We survey a sample of 2500 randomly selected British Columbians living
in the city of Burnaby as to whether they have hepatitis C.

1) What is the number of people that we would expect to find in our sample that have hepatitis C?

a) 64

b) 75

c) 128

d) 150

e) It depends on the population of Burnaby

2) What is the standard deviation of the proportion of people in our sample that have hepatitis C?

a)<.001

b) between 0.001 and 0.01
c) between 0.01 and 0.1

d) between 0.1 and 0.2

e) between 0.2 and 1.0

3) We find that the proportion of people in our sample with hepatitis Cis 2.56%. What is the probability
that the proportion would be as low as 2.56% (or lower) if the true proportion for the whole of Burnaby
is 3%, i.e. the same as for British Columbia as a whole?

a)<.001

b) between 0.001 and 0.01
c) between 0.01 and 0.05
d) between 0.05 and 0.2
e) between 0.2 and 1.0

4) What conditions do we need to check in order to answer question 3?

a) the expected number of people in our sample with hepatitis C is > 10

b) the expected number of people in our sample without hepatitis C is > 10
c) the total population of Burnaby is > 25,000

d) both a) and b)

e) all the above

5) Can you conclude that Burnaby has a lower proportion of people with hepatitis C than the whole of
British Columbia?

a) Yes, because 0.0256 is less than 0.03

b) Yes, because the probability in question 3 is > 0.05
c¢) No, because the probability in question 3 is > 0.05
d) Yes, because the probability in question 3 is < 0.05
e) No, because the probability in question 3 is < 0.05



Questions 6-10. Gender Gap. Each year the World Economic Forum measures the differences between
men and women with regard to four factors (i) health and survival, (ii) educational attainment, (iii)
economic participation and opportunity and (iv) political empowerment. These four measures are
combined into one score, which we will call the gender equality score. A higher score implies more
gender equality. The results for the top 20 ranked countries for 2014 are:

Iceland 0.8594 Switzerland 0.7798
Finland 0.8453 Germany 0.778
Norway 0.8374 New Zealand 0.7772
Sweden 0.8165 Netherlands 0.773
Denmark 0.8025 Latvia 0.7691
Nicaragua 0.7894 France 0.7588
Rwanda 0.7854 Burundi 0.7565
Ireland 0.785 South Africa 0.7527
Philippines 0.7814 Canada 0.7464
Belgium 0.7809 United States 0.7463

[The total of the gender equality scores for the 20 countries given above is 15.721]

6) If you were to draw a histogram of these results, how many bins (groups, bars) would you use. You
are not asked to actually draw the histogram, just say how many bins (groups, bars) you would use.

a)4

b) 5

c)6

d) 10

e) either a) or b)

7) Calculate the mean of the distribution of the gender equality score for the countries shown. Choose
the closest option below.

a)0.78
b) 0.79
c)0.8

d)0.81
e) 0.82

8) Calculate the median of the distribution of the gender equality score for the countries shown. Choose
the closest option below.

a)0.78
b) 0.79
c)0.8

d) 0.81
e) 0.82

9) What do your answers to 7) and 8) say about the shape of the distribution of gender gap for the
countries shown?

a) It is exactly symmetric

b) It is skewed to the right

c) It is skewed to the left

d) The distribution has more than one mode

e) We cannot conclude anything about the shape of the distribution

10) Which country corresponds to the 7 percentile of the distribution of gender gap for the countries
shown?

a) United States; b) Canada; c) Iceland; d) Finland;
e) The 7™ percentile is in between two countries.


http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=ISL
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=CHE
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=FIN
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=DEU
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=NOR
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=NZL
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=SWE
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=NLD
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=DNK
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=LVA
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=NIC
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=FRA
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=RWA
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=BDI
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=IRL
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=ZAF
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=PHL
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=CAN
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=BEL
http://reports.weforum.org/global-gender-gap-report-2014/economies/#economy=USA

Questions 11-16. A market research firms conducts studies regarding the success of new products. The
company is not always perfect in predicting the success. Suppose that there is a 65% chance that any
new product would be successful (and a 35% chance that it would fail). In the past, for all new products
that ultimately were successful, 80% were predicted to be successful (and the other 20% were
inaccurately predicted to be failures). Also, for all new products that were ultimately failures, 70% were
predicted to be failures (and the other 30% were inaccurately predicted to be successes).

11) What is the probability that a new product would be a success?

a) between 0.65 and 0.70
b) between 0.70 and 0.75
c) between 0.80 and 0.85
d) between 0.75 and 0.80
e) This probability cannot be obtained

12) For a sample of 6 randomly selected successful new products, what is the probability that none was
mistakenly predicted to be a failure?

a)<0.10
b) between 0.10 and 0.20
c) between 0.20 and 0.30
d) between 0.30 and 0.40
e)>0.40

13) For any randomly selected new product, what is the probability that the market research firm would
predict that it would be a success?

a)<0.60
b) between 0.60 and 0.62
c) between 0.62 and 0.64
d) between 0.64 and 0.66
e) >0.66

14) If the market research predicted that a product would be a success, what is the probability that it
would actually be a success?

a)<0.81

b) between 0.81 and 0.82
c) between 0.82 and 0.83
d) between 0.83 and 0.84
e) between 0.84 and 0.85

15) If the market research predicted that a product would not be a success, what is the probability that
it would still be a success?

a) between 0.30 and 0.32
b) between 0.32 and 0.34
c) between 0.34 and 0.36
d) between 0.36 and 0.38
e)>0.40



16) Let the two events, (S): “A new product is successful” and (N): “A new product is predicted to be a
failure”. Which of the following statements is true?

a) Sand N are independent

b) S and N are mutually exclusive

c) Sand N are complimentary

d) S and N are collectively exhaustive
e) None of the above is true

Question 17-19 Alsace: The main beer-producing region of France — Part 1

Since the mid 19th century in Alsace, specialised breweries have taken over small family businesses and
have introduced major innovations to control ale quality. Water drawn from the groundwater, barley,
malt, yeast and hops are the ingredients of Alsace ale which gives it its unique density and alcohol
content. We can assume that the density of Alsace ales follows a normal distribution with an average
density of 19.5 degrees Plato and a standard deviation of 0.5 degree Plato. (Degree Plato is an
empirically derived hydrometer scale that measures how much denser the liquid is compared to water).

17) We choose a microbrewery in Alsace randomly, what is the probability that the density from its ale is
higher than 19.75 degrees Plato?

a) <0.2

b) between 0.2 and 0.4
c) between 0.4and 0.6
d) between 0.6 and 0.8
e) between 0.8 and 1.0

18) What is the probability that the density from a randomly selected microbrewery is between 19 and
20 degrees Plato?

a) <0.2

b) between 0.2 and 0.4
c) between 0.4 and 0.6
d) between 0.6 and 0.8
e) between 0.8 and 1.0

19) What is the probability that in a randomly selected sample of five microbreweries the average
density is lower than 19.3 degrees Plato?

a) <0.2

b) between 0.2 and 0.4
c) between 0.4 and 0.6
d) between 0.6 and 0.8
e) between 0.8 and 1.0

Question 20-22 Alsace: The main beer-producing region of France — Part 2
This is additional information to Part 1.

Franck Miiller, owner of a microbrewery in Alsace, has been working on a new fermentation process to
increase the average density of local ales. A higher average density could be desirable since it is an
indicator of alcohol content, and a higher alcohol content could be financially rewarding.

Frank claims that his new process yields a higher average density and will perhaps change the standard
deviation of ales produced in the region. Frank would like to support his claim and has randomly



selected batches from 6 microbreweries that have recently adopted his new process. Densities in degree
Plato from the 6 microbreweries are given below:

20.2 19.5 19.6 20.6 20.3 21.0
20) To test the owner's claim, the appropriate distribution to use is given by:

a) Poisson distribution

b) Exponential distribution
c) Z-distribution

d) CLT distribution

e) None of the above

21) What is the standard deviation in degree Plato of the average density of the sample of the 6
microbreweries?

a) <0.2

b) between 0.2 and 0.4
c) between 0.4 and 0.6
d) between 0.6 and 0.8
e) between 0.8 and 1.0

22) What can you conclude about the new fermentation process?

a) The new fermentation process does not yield a higher average density compared to local ales
and the average sample density is representative of the region

b) The new fermentation process does not yield a higher average density compared to local ales
and the average sample density is not representative of the region

c¢) The new fermentation process yields a higher average density compared to local ales and the
average sample density is not representative of the region

d) The new fermentation process yields a lower average density compared to local ales and the
average sample density is not representative of the region

e) Itis not possible to determine since the sample size is too small

Questions 23 - 26: Arts Classes

A grade 2 arts teacher is keeping track of how many times students spill their paint water each week.
Last school year, the average rate of occurrence of such incidents was 6.35 spills per week.

23) During that year, what was the probability of getting fewer than 3 paint spills in a given week?

a) <.001

b) between 0.001 and 0.01
c) between 0.01 and 0.05
d) between 0.05 and 0.2
e) between 0.2 and 1.0

24) Last week, the teacher had a grade 3 class instead of his usual grade 2 class. The number of spills
was 2. If the probability of spills was the same as that for his grade 2 class, what would the probability of
2 or fewer spills be?

a) <.001

b) between 0.001 and 0.01
c) between 0.01 and 0.05
d) between 0.05 and 0.2
e) between 0.2 and 1.0



25) The teacher wonders if this means that grade 3 students are less likely to spill their paint water.

a) Yes, they are less likely, because 2 < 3

b) No, they are not less likely, because 2 is not much smaller than 3
c) Yes, because the probability is <5%

d) No, because the probability is >5%

e) No, because the probability is <5%

26) The teacher also keeps track of the location in the classroom where the spills happen. The
probability that a spill happens in the front half of the room (as opposed to the back half) is 67%. What
is the probability of exactly 2 spills happening in the back half if there are 5 spills altogether?

a)<.001

b) between 0.001 and 0.005
c) between 0.005 and 0.02
d) between 0.02 and 0.5

e) between 0.5 and 1.0

Questions 27-30 : Sprayfoam

Sprayfoam insulation used in residential buildings is applied in layers of two inches. The application
process is difficult, as the material is sprayed on as a liquid and then foams up somewhat irregularly.
Therefore, the thickness of each layer is not very precise. An excellent and experienced contractor can
apply the foam so that the thickness does not vary much, e.g. with a target of two inches, the variance is
% inch?,

27) How would you expect the thickness to be distributed?

a) Uniform distribution

b) Exponential distribution
c) Normal distribution

d) Sampling distribution

e) Probability distribution

28) What thickness range do you expect 95% of the sprayed area to fall into?

a) 1-3 inches

b) 1.5-2.5 inches

¢) 0.5-3.5 inches

d) 1.25-2.75 inches
e) We can’t tell

29) You test one spot and find it’s 1.15 inches. What is the probability of this or a thinner spot occurring?

a) <.001

b) between 0.001 and 0.01
c) between 0.01 and 0.05
d) between 0.05 and 0.2
e) between 0.2 and 1.0

30) Would you conclude that the contractor is not very good?

a) Yes, because 1.15 is less than 2 inches

b) Yes, because the probability in question 29 is > 0.05
c) No, because the probability in question 29 is > 0.05
d) Yes, because the probability in question 29 is < 0.05
e) No, because the probability in question 29 is < 0.05



Questions 31-35 : Tomato Seeds
A certain type of tomato seeds germinates 90% of the time. A backyard farmer planted 25 seeds.
31) What is the probability that exactly 21 seeds germinate?

a) <.001

b) between 0.001 and 0.01
c) between 0.01 and 0.05
d) between 0.05 and 0.2
e) between 0.2 and 1.0

32) What is the probability that fewer than 23 seeds germinate?

a) <0.2

b) between 0.2 and 0.4
c) between 0.4and 0.6
d) between 0.6 and 0.8
e) between 0.8 and 1.0

33) What is the expected number of seeds that germinate?

a)>24

b) between 23 and 23.9
c) between 21 and 22.9
d) between 2 and 3.9
e)<2

34) A hobby farmer plants 200 seeds. We would like to know the probability that greater than 179 and
less than 186 seeds germinate. Can this question be answered using the normal distribution?

a) Yes, you can always use the normal distribution
b) Yes, np and nq are larger than 10

c) No, np and nq are larger than 10

d) No, the sample is not large enough

e) No, this is not a scenario for a normal distribution

35) Assume you could use the normal distribution. What x values would you use to calculate the z
values?

a) x1=180.5; x,= 185.5
b) x:=179.5; x,=185.5
c) x1=180.5; x,= 184.5
d) x1=179.5; x,=184.5
e) There really is no way to do this with a normal distribution



Q36-46 iShop2Home

iShop2Home provides web and smart-device interface support for on-line shopping. The web-
based (X) and device-based (Y) transactions (reported in 1000's per week) are the basis of
iShop2Home's (weekly) revenue.

The first set of questions concern the random variables X and Y (namely web and device based
services respectively).

For the purposes of this question the joint probability model between X and Y will be
summarized with the following tabulated empirical probability model.

Y=17 Y=20 Y=22 Y=24
X=44 0.00 0.04 0.04 0.03
X=48 0.04 0.16 0.16 0.02
X=52 0.12 0.19 0.08 0.00
X=55 0.06 0.03 0.03 0.00

36). Based on this probability model please determine the marginal probability model for web-
based (X) services. Identify the choice below, whose probabilities match the marginal model
that you determined.

a) 0,0.04,0.12,0.06

b) 0,0.16,0.08,0

c) 0.03,0.02,0,0

d) 0.11,0.38,0.39,0.12

e) 0.0275,0.095, 0.0975, 0.03

Based on the marginal probability model for X, please determine the following:

37). Expected value E[X] (units, thousands of transactions/week).

a) 50
b) 49.8
c) 456
d) 46
e) 66.3

38). Standard deviation SD[X] (units, thousands of transactions/week).

a) 4.15
b) 4.79
¢ 3.17
d) 229
e) 99.3

39). Management want to know the probability that the total transaction volume (=X+Y) will
exceed 70 (units, thousands of transactions/week). Select the closest answer.

a) 0.33
b) 0.65
o 1

d 0.77
e) 0.35



To prevent cascading errors, please ignore your preceding calculations. Instead use the
parameters tabulated below, along with a correlation coefficient of negative 0.45.

param
rv o
X 60 3
Y 30 2

iShop2Home currently earns $200 (web-based) and $100 (device-based) per thousand web-
and device- based transactions, respectively. Please determine the following for iShop2Home's
total weekly revenue.

40). The expected value (units of S/week)

a) 12000
b) 3000
c) 7500
d) 45000
e) 15000

41). The standard deviation (units of S/week)

a) 632

b) 540

c) 189737
d) 3606
e) 162111

42). What difference did the correlation coefficient make? How would your answers to the two
previous questions have changed if the correlation was in fact zero?

a) Both the expected value and standard deviation would decrease
b) Both the expected value and standard deviation would increase
c¢) The expected value would increase while the standard deviation would be unchanged
d) The expected value would be unchanged while the standard deviation would increase
e) The expected value would be unchanged while the standard deviation would decrease

How would the following summaries of the total weekly revenue change if the price per unit of
both X and Y were increased by 20 percent (pricenew=price*1.2).

43). The coefficient of variation

a) increased by 20%
b) increased by 44%
c) increased by 10%
d) unchanged

e) decreased by 20%

44). The expected value

a) increased by 20%
b) increased by 44%
c) increased by 10%
d) unchanged

e) decreased by 20%
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45). The variance

a) increased by 20%
b) increased by 44%
c) increased by 10%
d) unchanged

e) decreased by 20%

46). How would the correlation coefficient between X and Y change if 2000 new
transactions/week were secured for both wired and devices (i.e.,Xnew=X+2 and Ypew=Y+2).

a) It would be 2 times higher
b) Can not be determined

c) It would be 1.2 times higher
d) It would change sign

e) It would remain unchanged
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Areas under the standard Normal curve

Second decimal place in z

0.09 0.08 0.07 0.06 0.05 0.04 0.03 0.02 0.01 0.00 Z

0.0000f| -3.9

0.0001  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 00001 | -3.8
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 | -3.7
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0002 0.0002 | -3.6
‘ [1) 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 | =35

z

0.0002 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 | -3.4
0.0003 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0005 0.0005 0.0005 | -3.3
0.0005  0.0005 0.0005 0.0006 0.0006 0.0006 0.0006 0.0006 0.0007 0.0007 | -3.2
0.0007 ~ 0.0007  0.0008 0.0008 0.0008 0.0008 0.0009 0.0009 0.0009 0.0010 | -3.1
0.0010  0.0010 0.0011 0.0011 0.0011 0.0012 0.0012 0.0013 0.0013 0.0013 | -3.0
0.0014 0.0014 0.0015 0.0015 0.0016 0.0016  0.0017 0.0018 0.0018 0.0019 | -2.9
0.0019 0.0020 0.0021 0.0021 0.0022 0.0023 0.0023 0.0024 0.0025 0.0026 | -2.8
0.0026  0.0027 0.0028 0.0029 0.0030 0.0031 0.0032 0.0033 0.0034 0.0035 | -2.7
0.0036  0.0037 0.0038 0.0039 0.0040 0.0041 0.0043 0.0044 0.0045 0.0047 | -2.6
0.0048 0.0049 0.0051 0.0052 0.0054 0.0055 0.0057 0.0059 0.0060 0.0062 | -2.5
0.0064 0.0066 0.0068 0.0069 0.0071 00073 0.0075 0.0078 0.0080 0.0082 | -2.4
0.0084 0.0087 0.0089 0.0091 0.0094 0.0096 0.0099 0.0102 0.0104 0.0107 | -2.3
0.0110 0.0113 0.0116 0.0119 0.0122 0.0125 0.0129 0.0132 0.0136 0.0139 | -2.2
0.0143  0.0146 0.0150 0.0154 0.0158 0.0162 0.0166 0.0170 0.0174 0.0179 | -2.1
0.0183  0.0188 0.0192 0.0197 0.0202 0.0207 0.0212 0.0217 0.0222 0.0228 | -2.0
0.0233  0.0239 0.0244 0.0250 0.0256 0.0262 0.0268 0.0274 0.0281 0.0287 | -1.9
0.0294 0.0301 0.0307 0.0314 0.0322 0.0329 0.0336 0.0344 0.0351 0.0359 | -L¢§
0.0367 0.0375 0.0384 0.0392 0.0401 0.0409 0.0418 0.0427 0.0436 0.0446 | -1.7
0.0455  0.0465 0.0475 0.0485 0.0495 0.0505 0.0516 0.0526 0.0537 0.0548 | -1.6
0.0559  0.0571 0.0582 0.0594 0.0606 0.0618 0.0630 0.0643 0.0655 0.0668 | -1.5
0.0681 0.0694 0.0708 0.0721 0.07.35 0.0749 0.0764 0.0778 0.0793 0.0808 | -1.4
0.0823  0.0838 0.0853 0.0869 0.0885 0.0901 0.0918 0.0934 0.0951 0.0968 | -1.3
0.0985 0.1003  0.1020 0.1038 0.1056 0.1075 0.1093 0.1112 0.1131  0,1151 | -1.2
0.1170  0.1190 0.1210 0.1230 0.1251 0.1271 0.1292 0.1314 0.1335 0.1357 | -LI
0.1379 0.1401 0.1423 0.1446 0.1469 0.1492 0.1515 0.1539 0.1562 0.1587 | -1.0
0.1611  0.1635 0.1660 0.1685 0.1711 0.1736 0.1762 0.1788 0.1814 0.1841 | -0.9
0.1867 0.1894 0.1922  0.1949 0.1977 0.2005 0.2033  0.2061  0.2090 0.2119 | -0.8
0.2148 02177 02206 02236 0.2266 0.2296 0.2327 02358 02389  0.2420 | -0.7
02451 0.2483  0.2514 02546 0.2578 0.2611 0.2643  0.2676  0.2709 02743 | -0.6
0.2776  0.2810 0.2843 02877 0.2912 0.2946 0.2981 0.3015 03050 03085 | -0.5
0.3121 03156 03192 03228 03264 03300 03336 03372 03409 03446 | -04
03483 0.3520 03557 03594 03632 03669 0.3707  0.3745 03783 03821 | -0.3
0.3859 0.3897 03936 03974 04013 04052 0409 04129 04168 04207 | -0.2
04247 04286 04325 04364 04404 04443  0.4483 04522 04562 04602 | -0.1
04641 04681 04721 04761 04801 04840 0.4880 04920 0.4960 0.5000 | -0.0

For = < =3.90, the areas are 0.0000 to four decimal places.
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Areas under the standard Normal curve

Second decimal place in z

z | 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 05000  0.5040 0.5080 0.5120  0.5160 0.5199 0.5239  0.5279 0.5319 0.5359
0.1] 0.5398  0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 05714 0.5753
0.2] 05793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6703 0.6141

1 ‘ 0.3 0.6179  0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
0 z 041 0.6554  0.6591 0.6628 0.6664 06700 0.6736 0.6772 0.6808 0.6844 0.6879

0.5] 0.6915  0.6950 0.6985 07019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224
0.6 07257  0.7291 0.7324 0.7357 0.7389  0.7422 0.7454 0.7486 0.7517 0.7549
0.7] 07580  0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823  (.7852
0.8 07881  0.7910 0.7939 07967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9] 0.8159  0.818¢ 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389
1.0 0.8413  0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
1.1] 0.8643  0.8665 0.8686 08708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830
1.2 0.8849  0.8869 0.8888 0.8007 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015
1.3 09032 0.9049 0.9066 0.9082 0.9099 09115 0.9131 09147 09162 09177
14| 09192  0.9207 0.9222 09236 09251 09265 09279 09292 0.9306 0.9319
1.5 09332 09345 09357 09370 09382 09394 09406 09418 09429 0.9441
1.6 0.9452  0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545
1.7] 0.9554  0.9564 0.9573  0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0.9633
1.8 0.9641  0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693  0.9699 0.9706
1.9 09713 09719 09726 09732 09738 09744 09750 09756 09761 0.9767
2.0 09772 09778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817
2,11 09821 09826 0.9830 0.9834 0.9838 0.9842 09846 0.9850 0.9854 0.9857
221 09861 09864 0.9868 0.9871 0.9875 09878 0.9881 0.9884 09887  0.9890
2,31 09893 09896 0.9898 0.9901 0.9904 0.9906 0.9909 09911 09913 0.9916
24109918  0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 09932 0.9934 0.9936
2,51 09938 09940 0.9941  0.9943  0.9945 09946 0.9948 0.9949 09951 0.9952
261 09953 09955  0.9956 0.9957  0.9959 09960 09961 09962 09963  0.9964
2,71 09965  0.9966 0.9967 0.9968 0.9969 0.9970 0.9971 0.9972 0.9973  0.9974
2.8 09974 09975  0.9976  0.9977 0.9977 0.9978 0.9979  0.9979  0.9980 0.9981
2,90 09981  0.9982  0.9982  0.9983 0.9984 0.9984 09985 09985 09986 0.9986
3.0| 09987  0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989  0.9990 0.9990
310 09990  0.9991 0.9991 0.9991 0.9992  0.9992 0.9992 0.9992 0.9993 0.9993
3.21 09993 0.9993  0.9994  0.9994  0.9994 0.9994 0.9994 0.9995  0.9995  0.9995
3.3] 09995 0.9995  0.9995  0.9996 0.9996 09996 0.9996 0.9996 0.9996 0.9997
34| 09997  0.9997  0.9997  0.9997  0.9997 0.9997 0.9997 0.9997 0.9997  0.9998
3.5] 0.9998  0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998
361 09998 09998 09999  0.9999  0.9999 09999 09999 0.9999  0.9999  0.9999
37109999 09999 09999  0.9999  0.9999 09999 09999 0.9999 09999  0.9999
3.81 09999 09990 09999 0.9999 0.9999 09999 09999  0.9999 0.9999  0.9999
3.9 1.0000

tFor = > 3.90, the areas are 1.0000 to four decimal places.
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Table T

Values of t,,

Two-tail probability 0.20 0.10 0.05 0.02 0.01
One-tail probability 0.10 0.05 0.025 0.01 0.005
Jaf Jf
1 3.078 6314 12.706 31.821 63.657 1
2 1.886 2.920 4303 6.965 9.925 2
3 1.638 2.353 3.182 4541 5.841 3
4 1.533 2.132 2.776 3.747 4.604 4
g g 5 1.476 2.015 2571 3.365 4.032 5
| : . 6 1.440 1.943 2.447 3.143 3.707 6
T 0 e 7 1.415 1.895 2365 2.998 3.499 7
Two tails 8 1.397 1.860 2306 2.896 3.355 8
9 1.383 1.833 2.262 2821 3.250 9
10 1372 1.812 2228 2.764 3.169 10
p 11 1.363 1.796 2.201 2718 3.106 11
— 12 1.356 1.782 2.179 2.681 3.055 12
e 13 1.350 771 2.160 2.650 3.012 13
One tail - - ) -
14 1.345 1.761 2.145 2.624 2.977 14
15 1.341 1.753 2.131 2.602 2.947 15
16 1337 1.746 2.120 2.583 2921 16
17 1333 1.740 2.110 2567 2.898 17
18 1330 1.734 2.101 2552 2.87 18
19 1.328 1.729 2.093 2539 2.861 19
20 1,325 1.725 2.086 2528 2.845 20
21 1.323 1.721 2.080 2518 2831 21
22 1.321 1.717 2.074 2,508 2.819 22
23 1.319 1.714 2.069 2,500 2.807 23
24 1318 1711 2.064 2.492 2.797 24
25 1316 1.708 2.060 2.485 2.787 25
26 1315 1.706 2.056 2.479 2.779 26
27 1314 1.703 2.052 2.473 2.771 27
28 1313 1.701 2.048 2.467 2.763 28
29 1311 1.699 2.045 2.462 2.756 29
30 1310 1.697 2.042 2457 2.750 30
32 1.309 1.694 2.037 2.449 2.738 32
35 1.306 1.690 2.030 2.438 2.725 35
40 1.303 1.684 2.021 2423 2.704 40
45 1.301 1.679 2.014 2412 2.690 45
50 1.299 3.676 2.009 2,403 2,678 50
60 1.296 1.671 2.000 2,390 2,660 60
75 1.293 1.665 1.992 2377 2.643 75
100 1.290 1.660 1.984 2.364 2.626 100
120 1.289 1.658 1.980 2.358 2.617 120
140 1.288 1.656 1.977 2353 2611 140
180 286 1.653 1.973 2347 2.603 180
250 1.285 1.651 1.969 2341 2.596 250
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Fule of sum of probahilluies:

P8 = I

Bubtraauion ruk:
{Lat A" be enmplemem, of A, Lo, Nou A

PiA] = I — P{4"}

Addivion rule for wwo mususlly exclosho evenes | whorm o
onnowss “or” aka unlon}

PA U H) = P[A) + P}
Addivicn rule for vwo nos mususlly exchsie cvene
PlA LB} - PLA) 4+ PLE) - PLA R B)

Mlulipliession rule ke wwo independem. evenis |[whom 0
mnnows Nt aks Inwersesion):

FLA M H) = P[4} = P[H}
Multiplisation ruk for 1 Indaponden erenis:
PLA N1 A1) = PLA L) = Pldg) s = PlAL)
Multiplisation ruk for dopenden eenus:
F{A 11 B} = F{EJAJPA} = FLAEEE)
Panislon rule: for & parhion Sy, Ss, . By -

L L
BlAY = 5 PAN ) =5 PLALRL PR
e |

Hlayusr® formua:
_BAIBGPR) _ PAIRYPE)
P FLa) o PAIE PR

Evoms A and B aro Indopandent £

F{AJ) = PLA] and 4] = P{H)
ar:PLAR B = P{A) = PLH)

Descriptive statistics
Eample mosn:
"
- E;"
Emmple warianm:

2 - #g{: -2 - # (g:’.’ —wt’)

Eample coverino

Cony) = e 3 e — 2 —8) -
m-1 ]

Random variablos {HV)
Expomad walus of dscrawe AV X

Discrota and comtinsons distribuetions
Tho Hinomisl probehiiny dEribusion:

PlX =) = ﬁ?’t] —F"™ mrreol_.mn

LX) = np, Var(X] = mpil — 5]

EXj=p = ir.l?[.l =2}
vl
Viriance of dscraw BY X0 Yarx) - o°

- i{:. —ufPX =z} = t:qu_: ~2)-u"  The Pokson probebilliy dismbmicn
=l ]

(Il appron’n of Binomisl, A = mpj
Huendard devisalon of disersio BV X

SINX) = = /Fanx)

Coofalent of werlaclkon of dserow BV 0

£
=
E[X] = A, 0R{X] = A & = 2TI8

FiX =x) =

forz=10,1,,..

The Ceometre probabilly disuribmon:
PiX =2} =1 —p" " Bre-1%__
1 1—
B - L vanx) —?,2

Correlsion of twe diseross BV X Gnd ¥ Core(X,Y)
Er = — B — H )P = BT - )

a5,
Combining random variablas
Adding & consEns ¢ w0 rendom verkable X

The Normal disribusbon:

X o i) = i) = —memp 52T

_X-u
[

E[X +&) = E[X] e
Var[X & & = Varpx)
Muliplying random variabio X b & consem g :

E = N[0, 1] = P{E 2] ~ using normal 1abie

E(aX) — akx )

The Exponenilal disuribmion
Var[aXx) - a'vanx}

X - Erpold) = fiz] = Ae~"
PX <a)=1—e="
EIX) = $Varx) - (1)

Expomad valus of Hneer sombimssion of Rys:
EaX £ 8 0] - aB{X ) 08N | £ 2
Variance of inesr sombinasion of ndopendans Fvs:

Varjax £ £ 2 — a?Var(X ] + PVar(y) Thi Uniform dissribuion:

X -~ Uniform{a, &) = fiz) = a]Ta BrasEol

-
b—a

]

Verknes of lneer sombinacion of dopsmdom Hys:

Varjox £ )

= a7V ar(X |+ 0PVar(Y'} + Zobr X (¥}
- & VarX )4+ U Var(y} & ZosCo X, Y]

Pz Xara) =

it —ay!

) = [F

Sampling distributions for proportion
X - Blnomis{n, pj,amd @ = %
Imis large Lo, mp > Mand m{l —g) = 10

X~ N, o) = X o Nm,k%;

I X~ N [, MM = X = B .J,u,::ﬁ}

Sampling distributions for mean

I X ~ mmimoump, o) LEEET 5 m.\lw,?’;]

- Ifoim I

{E-‘hl’-—ﬂ'ﬂ} |r:~mmmm}?:“!-:~|¢__..ﬂr'i
e ]

Finite population correction factor

Eample cormiaclon: In 2452 of & fnhe population whomn & > 10 e
o Comin _ ETix —2HE 6 —
P [n— 1.5, senderd devission -
Poreom lio:
- son your dace firs

" mmm:l-[%ﬂ-u]

- I Is Imeeger, by, pereemlic Is che iy, valuo

- If 18 not Imeeger, k. porromlic 13 maan of che ohecrvedlons on aluher sido ol

Elaxpks slemoms:

TR = gh — G

UpperLimic — gy + LE(IGR)
Lonser Lirmit = gy — LE(IQR)

MNormal approximation to Binomial
I1X -~ Emcmilin, p)

Ifn & large Le mp = 10and m{l—p} =10

=+ X = N (B — P -

1—Fl
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