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QUESTION ONE

a. You are required to conduct a survey on students’ perspective on COVID 19
Pandemic. Describe, stating the advantages and disadvantages of a suitable
sampling method, how a sample of 70 students can be selected from the
population of ZEGU students. [15 marks]

b. A university administrator requested a breakdown of travel expenses for the
faculty of Business Economics and Accounting to participate in Work Related
Learning student assessments across the country. It was found that 40% of the
travel expenses were spent on transportation costs, 30% was spent on lodging,
12% was spent on food; the remainder was spent on miscellaneous costs.
Construct a frequency distribution and graph the data with a suitable chart. [10
marks]

QUESTION TWO

a) Given the following total revenue and total cost functions for different firms,
Total Revenue = 4350x-13x2 and Total Costs = x3-5.5x*+150x+675, maximize
profit for the firms. [10 marks]

b) As part of an investigation into levels of overtime working, a company decides to
tabulate the number of orders received weekly and compare this with the total
weekly overtime worked to give the following:

Week Number | 1 2 3 4 5 6 7 8 9 10

Orders
Received 83 20 107 | 55 48 92 1358 =32 67 122

Total Overtime | 38 9 42 18 1l 30 48 10 29 51

Calculate Spearman’s rank correlation coefficient, rs and comment on the result.[10
marks]

¢) Supply and demand conditions can be expressed in quadratic form. Find the
equilibrium price and quantity, given the following demand function. [5 marks]

P-2Q2+6Q =10
P20 70158

QUESTION THREE

a) According to recent information from the Commuter Omnibus Association, the
mean age of passenger cars in Zimbabwe is 8.4 years. A sample of 40 cars in
Harare showed the mean age to be 9.2 years. The standard deviation of this
sample was 2.8 years. At the 5% significance level, can we conclude that the



mean age is more than 8.4 years for the cars in Harare?

i.  State the null hypothesis and the alternate hypothesis. [2 marks]
ii. Explain why Z is the test statistic? [2 marks]
iii. What is the critical value of the test statistic? [2 marks]
iv. Construct a well-labelled sampling distribution. [3 marks]
v. Compute the value of the test statistic. [2 marks]
vi. What is your decision regarding the null hypothesis? [2 marks]
vii. Interpret your decision based on the claim. [2 marks]

b) If 40% of the students entering college drop out before receiving their degrees:

i. Find the probability that out of 15 students picked at random from the very
large number of students entering college, less than 2 drop out. [S marks]
ii. Calculate the expected value (mean) and standard deviation and determine
the symmetry or asymmetry of the probability distribution. [S marks]

QUESTION FOUR

Harare Hospital is interested in determining the effectiveness of a new drug for
reducing the time required for complete recovery from knee surgery. Complete
recovery is measured by a series of strength tests that compare the treated knee with
the untreated knee. The drug was given in varying amounts to 18 patients over a 6-
month period. For each patient the number of drug units, X, and the days for complete
recovery, Y, are given by the following (x, y) data:

(5, 53) (21, 65) (14, 48) (11, 66) (9, 46) (4, 56) (7, 53) (21, 57) (17, 49) (14, 66) (9,
54) (7, 56) (9, 53) (21, 52) (13, 49) (14, 56) (9, 59) (4, 56)

a. Plot the data. [S marks]
b. Estimate the linear regression equation of the number of drug units and the
days for complete recovery and interpret the coefficients. [10 marks]
c¢. Compute the coefficient of determination and comment [S marks]
d. Compute the correlation coefficient and comment [S marks]
QUESTION FIVE «

a) The procurement department has analyzed the number of orders placed by each
of the 3 departments in the company by type for this financial year as given
below:

Order type Department

Sales Production | Purchase | Maintenance | Accounts

Consumables | 10 12 4 8 . L4

Equipment 1 3 9 | |
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ii.
1ii.
iv.

Came from neither maintenance nor purchase?
Was from consumables?

Was an equipment order from purchase?
Came from accounts or sales?

Came from production?

An error has been found in one of the orders. What is the probability that the
incorrect order:

|3 marks]
[3 marks]
[3 marks]
[3 marks]
[3 marks]

b) The average stock price of the company is $30, and the standard deviation is

i.

ii.

THE END

$8.20. Assume the stock prices are normally distributed:
What is the probability that a company will have a stock price of at least $40?

[4 marks]

How high does a stock price have to be to put a company in the top 10%? [6
marks]



STATISTICAL FORMULAS

MEASURES OF CENTRAL TENDENCY

Ungrouped data
Population mean, u = %
Sample mean, = %
Median, M, *";'1
Grouped data
x

Population mean, p = £

= i
Sample mean, x= ZT

2_pC
Median, Me = L, + 2"

= (di)c
Mode, Mo =L, + e

MEASURES OF DISPERSION
Ungrouped data

Population average deviation, AD= %

Sample average deviation, AD = Zhe

n
Population variance =o0’= %(E o %(Z x)’)

Sample variance = s>= ﬁ Ex2- i %2

Population standard deviation, ¢ = / i— (X% - % (Xx)?)

Sample standard deviation, s = \/n_11 (x2 - % (Xx)?)

Grouped data
Range = maximum value — minimum value
kn
2 ool
Percentile, Py =L, + %
: L_F)C
Decile, Dy=Lq4 + %—
G-F)C
fq
2 &-pc
Upper quartile Qs =L, + % &
Interquartile range = Qs-Q,
Q- Qi
2

Lower quartile, Q; =L, +

Quartile deviation =

: S flx—
Population average deviation, AD= %

Sample average deviation, AD = gli;xl
Population variance, ¢* = %(Z fx2 - %(Z fx)?)

Sample variance= s*= %_1 O fx2- i(z fx)?)

Population standard deviation, ¢ = \/ﬁ (X fx2 - %(Z fx)2)

Sample standard deviation, s = Jil (Z6e - ~(Zf)?)
Population coefficient of variation, CV= ﬁ x 100%

Sample coefficient of variation, CV = % x 100%

SHAPE OF FREQUENCY DISTRIBUTIONS

) 3(u—medi —mod
Population skewness, Sk = 2¢=median) G m‘; )
3(x—medi x—mod
(Xx—median) or (x—mode)

Sample skewness, Sk =

S S
f(X-p)*
S

Population kurtosis = 2
TRX-%)

Sample kurtosis == s

BASIC PROBABILITY CONCEPTS
5 Classical Method of Assigning Probabilities: P(E) = %
ii. Probability by Relative Frequency of Occurrence

Number of Times an Event Occurred
Total Number of Opportunities for the Event to Occur

iii. Complementary rule: P(A’) = 1 —P(A)



iv. Addition rule

a) IfX, Y are non-mutually exclusive, P(XU Y) = P(X) + P(Y) — P(XNY)

b) IfX, Y are mutually exclusive, P(X U Y) = P(X) + P(Y)

V. Multiplication rule

a) IfX,Y are dependent (conditional probability),

P(XNY) = P(X)- P(Y|X) = P(Y) - P(X]Y)

b) IfX, Y are independent, P(XNY) = P(X): P(Y)

vi. Law of Conditional Probability, P(X | Y) = RO, PQOECRY

PROBABILITY DISTRIBUTION

P(Y) P(Y)

Probability distribution Mean Variance
Binomial distribution np npq
= n! X( \D-X
Lss ey A
Poisson distribution A s
AXC:"
o=
Standard normal distribution 0 1
z==F
CONFIDENCE INTERVALS
Mean of a single normal population
i If sample size is small (i.e., n<30) and ¢> Unknown
X -tyz(n — 1)%S PEX+to2(n— 1)% or simply X & ta/2 (n — 1)%
ii. If sample size is large and 6> unknown
X - Zu/ZVS‘:“ SpHUsX+ Za/ZVS; or simply, X + Zu/ZTSn‘
ii. If variance, ¢*is known
X - Za/z% SHSX Za/z% or simply, X + zu/z%
TESTING OF HYPOTHESIS
Tests on the mean of a single population
L If when ¢ is unknown and sample size is small (n<30), then the t Statistic is such that,
= X -l
% . . = . .
ii If when o is known and sample size is large, then the z statistic is such that:
el o el
ox %
iil. If when o is unknown and sample size is large, then the t statistic is approximately a standard normal random
variable such that: z= X3
Vn
B
Hypothesis to be tested Distribution Reject Hy if
Z -distribution Z>Zap
Ho: W =L 2 <-Zuyp
Hi:p# po T - distribution Z>Zop
T<- tyn(n-1)
Ho:p < po Z-distribution VES L,
Hi:p > o T-distribution T>t,(n-1)
Ho:p = po Z-distribution Z=-Zq
Hiip<p T-distribution T <-t,(n-1)

Chi-square tests: y%c = Y (fo%

SIMPLE REGRESSION AND CORRELATION
Fitted linear model: Y =b, + b; X

by
B=Y-5X

_DnIXY-ZXTY
nEX—(ZX)

cmcmx,v)—lf—:‘”-i?

Comvelation coefficient. r=+RT =

nEXY-YXYY
REX XLy’ -Gy




nyXy-SXyy 2

MIX ~(EXVInEyY’ —~(Zvy|

Coefficient of determination, R>= (

TIME SERIES ANALYSIS
Fitted Trend Line: Y=a + bX
b _nIXY-EXFY
nYX - (T Xy
a=Y-bX
BUSINESS CALCULATIONS
Quadratic formula: X = _b%:_m
Differentiation

i if f(x) = x"then f'(x) = nx " ; if y = x" then, j—i’ =nx "!
ii. Rule 1. The constant rule. If h(x) = cf (x) then h'(x) = cf '(x) for any constant c.
1. Rule 2: The sum rule. If h(x) = f(x) + g(x) then h'(x) = f'(x) + g'(x)
iv. Rule 3: The difference rule. If h(x) = f (x) — g(x) then h'(x) = f '(x) — g'(x)
V. Rule 4: The chain rule. If y is a function of u, which is itself a function of X, then

dy. dydu
dx  du’ dx 2 . =
: : = dyf s dv
Vi. Rule 5: The product rule. If y = uv then gl e
= . uo o dy  vaE oyl
Vii. Rule 6: The quotient rule. If y = then e
S ey
Viil. Implicit differentiation: & h
Simple interest: FV = Principal x Rate x Time
Compound interest: EVi=As (@ 1)
Future Value of an Ordinary Annuity: FV=R [@]
5 IR
Regular deposit: RE= T
Present Value of an Ordinary Annuity: PV =R [1-(|+.)]
_ PVi
Regular payment: o
Remaining Balance: B =R[l'(]+l¢]
Net Present Value: NPV 22;:"(1%;)‘
Internal Rate of Return: IRR = a+ [(—%__) ()] %

NPV,-NPVb
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‘Binomial Distribution

o o1 05 10 15 20 27 35 35 40 45 S0
1 0 | 9900 | 9500 | 9000 | .8500 | .8oo0 | .7500 | 7000 | .6500 | .6000 | .5500 | .5000
0100 | 0500 | .1000 | .1500 | 2000 | 2500 | .3000 | .3500 | 4000 | .4500 | .5000
2 o | sso1 | soas | 8100 | 7225 | 6400 | .5625 | 4900 | 4225 | 3600 | 3025 | 2500
' I | o198 | 095 | .is00 | .2550 | 3200 | .3750 | 4200 | 4550 | .4800 | 4950 | .5000
3 | ooo1 | 0025 | 1100 | 0225 | 0400 | .0625 | 0900 | .1225 | .1600 | 2025 | 2500
-y 9703 | 8574 | 7200 | 6141 | 5120 | 4219 | 3430 | 2746 | 2160 | 1664 | .1250
; 0294 | 13%4 | 2430 | 3251 | 3840 | 4219 | 4410 | 4436 | 4320 [ 4084 | 3750
0003 | 0071 | 0270 | 0574 | 0960 | 1406 | .1890 | 2289 | 2880 | 3341 | .3750

0000 | 0001 | o010 | 0034 | .0080 | 0156 | 0270 | 0429 | 0640 | 0911 | .1250
Az 9606 | 8145 | .6s61 | 5220 | 4096 | 3164 | 2401 | .1785 | 1296 | 0915 | 0625

B —C L AWM -C W BB ~O BLR—e We o
g

0388 4713 2916 3685 4096 A219 4116 3845 .56 2995 .2500
- .0006 0138 0486 0975 1536 2109 2646 31035 3456 3675 .3750
0000 00035 0036 RURE] 0236 0469 0756 115 15836 2005 2500
- .0000 .6000 0001 0005 R .0039 0081 0150 0256 D410 0625

-~ 9510 7738 5905 4437 3277 2373 1681 1160 0778 0303 Q0312
| 0480 .2036 3280 3915 40696 3955 .3602 3124 4 2892 2059 1562
0010 0214 0729 1382 2048 2637 .3087 3364 .3456 3369 3128
; L0011 0081 0244 0512 0879 1323 811 2304 27157 3128
0000 .0000 0004 0022 0064 0146 0284 0488 0768 4128 1562

D000 | .0000 0000 0001 L0003 0010 | 0024 | 0083 0102 | 0185 D312

9415 7351 5314 Jm 2621 1780 A176 0754 0467 0277 0156
D571 2321 3543 3993 .3932 3560 3025 2437 1866 1359 0938
0014 0305 0984 1762 .2458 2966 3241 3280 3110 2780 2344
0000 0021 0146 0415 0819 1318 1852 L2355 2765 3032 3125

-

0000 0001 0012 {0055 0154 0330 0595 0951 1382 1861 2344

| 0000 0000 0001 L0004 00135 0044 0102 0205 0369 0609 0938
- D000 .0000 0000 0000 0001 0002 0067 0018 0041 0083 0156

9321 6983 4783 3206 2097 4335 0824 L0490 0280. | 0152 0078
0659 2518 3720 .3960 .3670 S 2471 1848 1306 0872 0547
D020 0406 1240 2097 2153 303 3N 2085 2613 2140 o4t

300
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-0000
0000

0000
0000
0000

0 0227
1 0746
2 0026
3 0001
4 0000

0000
-0000
-0000

-0000

-0000 .0000
9135 3874
0830 3874
0034 1722
0001 0446
0000 0074

-0008
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0000
.0000
-0000

-0000
0000
0000
0000
0000

9044 3487
0914 -3874
0042 1937
.0001 0574
-0000 0112

-0000 4 0015

.0000
0000

.8864
1074
-0060
0002
0000

0000
.0000

6 0000 : 0001
7 .0000 ; .0000
8 -0000 : 0000
9 .0000 . .0000
10 0000 4 0000
0 8953 3 3138
1 0995 : 3835
2 0050 4 2131
3 0002 .013 0710
4 0000 5 L0158
§ 0000 : .0025
6 0000 : .0003
7 .0000 3 0000
8 0000 . .0000
9 0000 : .0000
0

1

G

D »n O~
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olf 20 5530
0617 | 1147
0109 | 0287
0012 | 0043
0001 | 0004
0000 | 0000
2725 | 1678
3847 | 3355
2376 | 2936
0839 | 1468
0185 | 0459
0026 | 0092
0002 | 0011
0000 | 0001
0000 | 0000
2316 | 1342 0207
3679 | 3020 | 2253
2597 | 3020 | 3003 | 2668 | 2162
069 | 1762 | 2336 | 2668 | 2716
0661 | 1168 | 1715 | 2194
0165 | 0389 | 0735 | 1181
0028 [ 0087 | 0210 | 0424
0003 1 0012 | 0039 | o008
0000 | 0001 | .0004 | 013
0000 | .0000 | .0000 | 0001
1074 | 0563 | 0282 | 0135
2684 | 1877 | 211 | 0725
3020 | 2816 | 2335 | 1757
2013 | 2503 | 2668 | 2522
0881 | 1460 | 2001 | 2377
0264 1 0584 | 1029 | 1536
0055 | 0162 | 0368 | 0680
0008 | 0031 | .0090 | .0212
0001 | 0004 | 0014 | 043
0000 10000 | .0001 | 0005
0000 | 0000 | 0000 | o000
0859 | 0422 | 0198 | 0088
2363 | 1549 | 0932 | o518
2953 | 2581 | 1998 | 1395
2215 | 2581 | 2568 | 2254
107 | 4721 | 2201 | 2408
0388 | 0803 | 1321 | 1830
0097 | 0268 | 0566 | 0985
0017 | 0064 0379
0002 | 0011 0102
0000 | 0001
0000 | 0000
0000 | 0000
0687 | 0317
2062 | 1267
2835 | 2323
2362 | 2581
1329 | 1936
0532 | 1032
0155 | 0401

2734

301
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302 BINOMIAL DISTRIBUTION
n 0% 01 .05 A0 15 20 25 p .30 =5 40 45 S0
T .0000 .0000 0000 0006 .0033 0118 0291 0591 1009 .1489 1934
8 .0000 .0000 .0000 0001 0005 .0024 0078 0199 0420 .0762 1208
9 .0000 .0000 .0000 .0000 .0001 .0004 .0015 .0048 .0125 0277 0537
10 0000 .0000 .0000 0000 .0000 .0000 .0002 .0008 0025 0068 0161
11 .0000 .0000 .0000 0000 .0000 .0000 .0000 0001 .0003 0010 .0029
12 0000 0000 0000 0000 .0000 .0000 .0000 0000 .0000 0001 .0002
0 8775 5133 2542 1209 0550 .0238 .0097 0037 0013 0004 .0001
| JL1S2 3512 3672 2774 1787 1029 0540 0259 0113 0045 0016
2 0070 1109 2448 2937 .2680 2059 .1388 0836 0453 0220 0095
3 .0003 0214 0997 1900 .2457 2517 2181 1651 1107 0660 .0349
4 .0000 .0028 0277 0838 1335 .2097 .2337 2222 .1845 1350 0873
13 5 .0000 .0003 0055 0266 0691 .1258 1803 2154 2214 1989 A5
6 0000 .0000 0008 0063 0230 0559 1030 .1546 .1968 2169 .2005
7 .0000 .0000 0001 0011 .0058 0186 0442 0833 312 1775 .2095
8 .0000 .0000 .0001 0001 .0011 .0047 0142 0336 0656 .1089 1571
9 .0000 .0000 0000 .0000 .0001 .0009 .0034 0101 .0243 0495 0873
10 0000 .0000 0000 0000 0000 .0001 0006 0022 0065 0162 0349
11 .0000 .0000 .0000 0000 0000 .0000 .0001 0003 0012 0036 0095
12 0000 0000 0000 0000 .0000 .0000 .0000 .0000 0001 0005 .0016
13 .0000 0000 .0000 0000 .0000 .0000 .0000 .0000 .0000 0000 .0001
4, 0 8687 4877 2288 1028 .0440 0178 0068 .0024 .0008 .0002 .0001
I 1229 3593 3559 2539 1539 0832 0467 0181 0073 .0027 .0009
2 0081 1229 2570 2912 2501 1802 1134 0634 0317 0141 .0056
3 0003 .0259 1142 2056 2501 2402 .1943 1366 0845 0462 .0222
4 0000 0037 0349 0998 1720 2202 2290 2022 1549 .1040 D611
5 .0000 .0004 0078 0352 .0860 .1468 1963 2178 2066 1701 1222
6 .0000 .0000 0013 0093 .0322 .0734 1262 1759 .2066 .2088 1833
7 0000 .0000 0002 0019 0092 0280 0618 1082 1574 .1952 .2095
8 .0000 .0000 .0000 0003 0020 .0082 0232 0510 0918 1398 1833
9 0000 0000 .0000 0000 0003 0018 0066 0183 0408 0762 1222
10 0000 .0000 .0000 0000 0000 .0003 0014 .0049 .0136 0312 0611
11 0000 0000 .0000 0000 0000 0000 .0002 0010 0033 .0093 0222
12 .0000 .0000 .0000 0000 0000 .0000 .0000 .0001 0005 0019 .0056
13 0000 .0000 0000 0000 0000 .0000 .0000 .0000 0001 0002 0009
14 0000 L0000 .0000 0000 0000 0000 .0000 0000 .0000 0000 .0001
15 0 8601 L4633 2059 0874 0352 0134 0047 0016 .0005 .0001 .0000
| 1303 .3658 3432 2312 1319 0668 0305 0126 0047 0016 .0005
2 0092 1348 2669 2856 2309 1559 0916 0476 0219 .0090 0032
3 0004 .0307 1285 2184 2501 2252 1700 110 0634 0318 0139
4 .0000 0049 0428 1156 1876 2252 2186 1792 1268 0780 .0417
5] .0000 .0006 0105 0449 1032 1651 2061 2128 1859 1404 0916
6 0000 .0000 0019 0132 0430 0917 1472 1906 .2066 1914 1527
7 0000 0000 0003 0030 0138 0393 0811 4319 177 2013 1964
8 .0000 0000 .0000 0005 0035 0131 0348 0710 1181 1647 1964
9 .0000 .0000 0000 0001 0007 .0034 0116 0298 0612 1048 3827
10 0000 .0000 0000 0000 .0001 .0007 .0030 .0096 0245 0515 .0916
11 .0000 .0000 0000 0000 0000 .0001 0006 .0024 0074 0191 0417 ¢
1% .0000 00060 .0000 0000 0000 .0000 .0001 .0004 0016 0052 0139
13 0000 .0000 .0000 0000 0000 .0000 .0000 .0001 0003 0010 .0032
14 .0000 .0000 .0000 0000 0000 .0000 .0000 0000 0000 0001 .000S
15 .0000 .0000 0000 0000 .0000 .0000 0000 .0000 0000 .0000 .0000
16 0 8515 .4401 .1853 0743 .0281 .0100 0033 .0010 0003 .0001 0000
1 1376 3706 .3294 2097 1126 0535 0228 .0087 20030 0009 .0002
2 0104 .1463 2745 2775 2111 1336 0732 0353 0150 .0056 .0018



MAPPENIDIY 1]

n x .01
3 0005
4 0000
5 0000
6 0000
7 0000
8 0000
9 0000
10 0000
1 0000
12 0000
13 0000
14 0000
15 0000
16 0000

17 0 8429
I 1447
2 0117
3 0006
4 0000
S5 0000
6 0000
7 .0000
8 0000
9 .0000
10 0000
11 .0000
12 0000
13 0000
14 0000
15 0000
16 0000
17 .0000

18 0 8345
1 1587
2 0130
3 .0007
4 0000
5 .0000
6 .0000
7 0000
8 0000
9 .0000
10 .0000
I 0000
12 0000
13 0000
14 .0000
5 0000
16 .0000
i/ 0000
18 .0000

19 0 .8262

1586

0144

05

0359
0061

0008
0001
0000
0000
0000

.0000
0000
0000
-0000
.0000

.0000
0000

4181
3741
1575
.0415
0076

-0010
.0001
0000

.0000

-0000
0000

0000
0000

0000
-0000
-0000

3972
3763
.1683
.0473
.0093

0014
.0002
-0000
-0000
0000

-0000
-0000
-0000
-0000
0000

0000
.0000

.0000
0000
3774
3774
1787

10

.1423
0514

0137
0028
0004
0001
0000

-0000
0000
0000
0000
0000

0000
-0000

1668
.3150
.2800
1556
0605

0175
.0039
0007
0001
-0000

-0000
-0000
0000
0000
.0000

0000
0000
0000

1501
.3002
2835
1680
0700

0218
.0052
.0010
.0002
0000

-0000
0000
0000
.0000
.0000

.0000
-0000
0000
-0000
1351
.2852
.2852
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15

2285
1311

0555
0180
0045
0009
0001

0000
0000
0000
0000
0000

0000
0000

0631
1893
2673
2359
-1457

0668
0236
0065
0014
0003

0000
0000
0000
0000
0000

0000
0000
0000

0536
1704
2556
.2406
1592

0787
0301
0091
0022
0004

0001
0000
0000
0000
0000

0000
0000
0000
0000

0456
1529
2428

.20

.2463
.2001

1201
0550
0197
0055
0012

0002
0000
.0000
-0000
-0000

-0000
0000

.0225
.0957
1914
.2393
.2093

1361
0680
0267
.0084
.0021

0004
.0001
0000
0000
0000

.0000
.0000
.0000

0180
0811
1723
.2297
2153

1507
0816
0350
0120
.0033

0008
0001
0000
-0000
0000

-0000
0000
0000
0000

0144

0685
-1540

25 P
2079
.2252

.1802
1101
.0524
0197
-0058

0014
0002
.0000
-0000
0000

.0000

-0000

0075
.0426
1136
.1893
-2209

1914
1276
.0668
0279
.0093

0025
-0005
.0001
0000
-0000

0000
-0000
-0000

.0056
0338
0958
1704
2130

-1988
.1436
.0820
.0376
.0139

-0042
.0010
-0002
0000
-0000

.0000
.0000
.0000
.0000

.0042
0268
.0803

.30

1465
2040

.2099
1649
1010
0487
0185

0056
0013
0002
.0000
.0000

.0000
0000

0023
0169
0581
1245
1868

.2081
1784
1201
0644
0276

0095
.0026
.0006
0001
0000

.0000
0000
0000

0016
0126
.0458
.1046
1681

2017
1873
1376
0811
0386

0149
0046
0012
.0002
.0000

.0000
0000
0000
.0000

0011

0093
0358

0341
.0796

1379
.1839
180
1606
1070

0571
.0242
0081
0021
0004

0001
0000
.0000

-0001
0012
0069
0246
0614

1146
1655
.1892
1734
.1284

0771
0374
0145
0045
0011

0002

0000
0000
0000
0001

. 0008

0046 ©
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0008
0001

0000
.0000

0002
0019
0102
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304 BINOMIAL DISTRIBUTION
n X 01 05 10 1> .20 29k pE il 39 40 A5 50
3 .0008 0533 1796 2428 2182 1517 .0869 0422 0175 0062 .0018
4 0000 0112 0798 1714 2182 .2023 1491 0909 0467 .0203 .0074
> 0000 0018 0266 0907 1636 .2023 1916 .1468 0933 0497 0222
6 -0000 .0002 0069 0374 09535 1574 1916 1844 1451 0949 0518
7 0000 .0000 0014 0122 .0443 0974 1525 1844 1797 .1443 0961
8 0000 .0000 0002 0032 0166 0487 0981 .1489 1797 ST .1442
9 .0000 .0000 0000 0007 0051 0198 0514 0980 1464 AE! 4762
10 .0000 .0000 .0000 .0001 0013 .0066 0220 0528 0976 .1449 1762
11 .0000 .0000 0000 0000 .0003 .0018 .0077 0233 0532 0970 1442
12 0000 .0000 0000 .0000 .0000 .0004 .0022 .0083 0237 .0529 0961
13 .0000 .0000 0000 .0000 .0000 .0001 0005 .0024 .0085 0233 0518
14 .0000 .0000 .0000 0000 0000 .0000 .0001 0006 0024 0082 0222
15 0000 .0000 .0000 0000 .0000 .0000 0000 .0001 0005 .0022 0074
16 20000 .0000 0000 0000 .0000 .0000 .0000 .0000 .0001 0005 0018
17 0000 .0000 0000 0000 .0000 .0000 .0000 L0000 0000 0001 .0003
18 0000 .0000 .0000 0000 .0000 .0000 .0000 .0000 0000 .0000 .0000
19 .0000 .0000 0000 0000 0000 .0000 .0000 .0000 .0000 .0000 .0000
20 0 8179 3585 1216 0388 0115 .0032 .0008 .0002 .0000 .0000 .0000
1 1652 3774 2702 .1368 0576 .0211 .0068 .0020 0005 .0001 .0000
2 0159 .1887 .2852 2293 1369 0669 0278 0100 0031 0008 0002
3 0010 0596 .1901 2428 2054 1339 0716 0323 .0123 .0040 0011
4 0000 .0133 .0898 1821 2182 1897 1304 0738 0350 0139 .0046
5 .0000 .0022 0319 1028 1746 .2023 1789 1272 0746 0365 0148
6 .0000 .0003 0089 0454 1091 1686 1916 AT12 1244 0746 .0370
7 .0000 .0000 0020 0160 0545 1124 1643 .1844 1659 1221 .0739
8 .0000 .0000 0004 0046 0222 .0609 1144 1614 1797 .1623 .1201
9 .0000 .0000 0001 0011 .0074 0271 0654 1158 1597 4771 .1602
10 0000 .0000 0000 0002 .0020 .0099 .0308 0686 171 1593 1762
11 .0000 0000 .0000 0000 0005 .0030 0120 0336 0710 1185 1602
12 0000 .0000 .0000 0000 .0001 .0008 .0039 0136 0355 0727 1201
13 .0000 .0000 0000 0000 .0000 0002 .0010 .0045 0146 0366 .0739
14 0000 .0000 .0000 0000 .0000 .0000 .0002 0012 0049 0150 0370
15 0000 .0000 0000 0000 .0000 .0000 0000 0000 0013 .0049 0148
16 .0000 .0000 .0000 0000 0000 -0000 .0000 .0000 0003 0013 .0046
17 .0000 .0000 .0000 0000 .0000 .0000 .0000 0000 0000 .0002 0011
18 .0000 0000 0000 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0002
19 0000 .0000 0000 0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
20 0000 0000 .0000 0000 0000 .0000 0000 0000 0000 .0000 .0000
25 0 1718 2774 0718 0172 .0038 .0008 .0001 0060 .0000 .0000 0000
1 1964 .3650 1994 0759 0236 0063 0014 0003 0000 0000 .0000
2 .0238 .2308 2659 1607 0708 0251 .0074 0018 0004 0001 .0000
3 0018 0930 .2265 2174 1358 0641 | .0243 0076 0019 .0004 0001
4 .0001 0269 1384 2110 .1867 AL7S 0572 .0224 0071 0018 .0004
5 0000 .0060 0646 1564 1960 1645 .1030 0506 0199 .0063 0016
6 .0000 0010 0239 0920 1633 1828 1472 .0908 .0442 0172 | 0053
7 0000 .0001 0072 0441 1108 .1654 L 1327 0800 0381 0143
8 .0000 .0000 0018 0175 0623 1241 1651 1607 1200 0701 0322 ¢
9 .0000 0000 .0004 0058 .02%94 0781 .1336 1635 A5 1084 0609
10 0000 .0000 .0000 0016 0118 0417 0916 1409 1612 1419 0974
i1 .0000 0000 .0000 0004 0040 0189 0536 1034 1465 1583 1328
12 .0000 0000 .0000 20000 0012 .0074 0268 20650 1140 REIT 1550
13 .0000 0000 0000 .0000 .0003 0025 0115 0350 0760 1236 1550
14 .0000 0000 0000 0000 .0000 .0007 .0042 0161 0434 0867 1328
15 .0000 0000 .0000 0000 .0000 .0002 0013 0064 0212 .0520 0974
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*Bxample: P(X =3, n=5p = 0.30) = 0.1323.

n X 01 .05 A0 S/ .20 25 p 30 35 A0 A5 .50
16 0000 .0000 0000 0000 0000 .0000 .0004 0021 0088 0266 0609
17 0000 20000 0000 0000 0000 .0000 .0001 .0006 L0031 RURE] 0322
Fg 18 0000 0000 .0000 0000 0000 .0000 .0000 0001 .0009 0042 0143
19 .0000 0000 0000 0000 0000 0000 0000 .0000 .0002 0013 .0053
20 .0000 0000 0000 0000 0000 .0000 .0000 .0000 0000 .0001 0016
21 0000 .0000 .0000 0000 0000 .0000 0000 .0000 0000 0000 .0004
22 0000 .0000 0000 0000 0000 | .0000 .0000 0000 0000 0000 0001
30 0 4397, 2146 0424 0076 0012 .0002 0000 .0000 .0000 0060 L0000
1 2242 3389 1413 0404 0093 0018 0003 .0000 .0000 0000 .0000
2 0328 2586 2271 1034 0337 .0086 0018 0003 0000 0000 0000
3 0031 1270 2361 1703 0785 0269 0072 .0015 .0003 .0000 0000
4 0002 .0451 771 2028 1325 .0604 0208 0056 0012 .0002 0000
S 0000 .0124 1023 1861 1723 1047 .0464 0157 0041 .0008 L0001
6 0000 0027 .0474 1368 1795 1455 .0829 0353 01135 0029 0006
if 20000 .0005 0180 0828 .1538 1662 1219 0652 .0263 0081 D019
8 .0000 .0001 0058 0420 1106 1593 1501 1009 05035 .0191 0055
9 .0000 L0000 .0016 0181 0676 .1298 1573 1328 0823 .0382 0133
10 .0000 .0000 .0004 0067 0355 0909 1416 .1502 1152 0656 .0280
11 .0000 .0000 .0001 0022 0161 .0551 1103 1471 1396 0976 0509
12 0000 0000 0000 0006 0064 0281 0749 1254 1474 1265 0806
13 0000 .0000 .0000 0001 0022 0134 0444 0935 1360 1433 AT
14 .0000 0000 .0000 0000 0007 .0054 0231 0611 1101 1424 1354
15 .0000 0000 .0000 0000 .0002 .0019 0106 L0351 0783 1242 -1445
16 0000 .0000 .0000 0000 0000 0006 0042 0177 0489 0953 1354
17 .0000 0000 .0000 0000 0000 .0002 0013 0079 0269 0642 R
18 0000 .0000 .0000 0000 .0000 0000 .0005 0031 0129 0379 0806
19 .0000 0000 0000 0000 .0000 0000 .0001 20010 0054 0196 .0509
i 20 0000 0000 0000 0000 0000 .0000 .0000 0003 .0020 0088 0280
21 0000 0000 .0000 0000 0000 .0000 .0000 0001 .0006 .0034 0133
22 .0000 0000 0000 0000 0000 .0000 .0000 0000 0002 0012 0055
23 0000 0000 0000 0000 0000 .0000 .0000 0000 0000 .0003 0019
24 .0000 0000 .0000 0000 0000 .0000 0000 0000 .0000 .0001 0006
25 .0000 .0000 .0000 0000 .0000 .0000 .0000 .0000 .0000 .0000 0001




APPENDIX 5

Student’s
t Distribution

Arcas reported below: ® 7
=

Proportion of

2\ area (one tail)

- iy 73 t ; +o

Proportions of Area for the ¢ Distributions

S0l oos 0025 001 0005 o I8 0D G0N 081 - 40
T [ 307 | 6314 | 12906 | 31821 | 63657 5 ] 7330 | 174 | ZioT | 2552 | 287
2| dsee | 2920 | 4303 | 6965 | 9925 19 | 138 | 1729 | 200 | 2539 | 2861
3 gt 23 | s | 434 | sse 20 | 135 | 1725 | 2086 | 2528 | 2885
y i i 74 - <

o el M R bl 2t | 130 | 1o | 2om | 258 | 28w
; iR 2 032 2 | s | ot | 20m | 258 | 2819
6| 14w |19 | 2 | i@ | 300 23 | 1319 | 1nd | 2000 | 2500 | 2807
7 | 1a1s | tses | 2365 | 2998 | 3499 % | 138 | L7 | 2064 | 2492 | 2797
R F 1397 0 1.860 2306 2.896 1.358 25 1314 1708 | 2060 | 2485 | 2787

O 1 jagsf e | 2262 | 28n | 32% H
: 26 | 1as | 1706 | 205 | 2479 | 2979
a2 | 38 | 276 | 30O | g | b3 | 1700 | 208 | 241 | 2
il a6 s | 2200 | 27s | 3006 % | 133 | 1700 | 2088 | 2467 | 2763
12 | 1356 | 182 | 2079 | 2681 | 3085 9 | 131 | 1ew | 205 | 2462 | 2756
13| 1aso | | 2160 | 2650 | 3012 30 | 1310 1eor | 20a2 | 2457 | 27%

i | e | el 3

o L e R - e a0 | 1303 | 1ess | 2oz | 2423 | 2704
e S acis By 6 | 1296 | tenm | 2000 | 239 | 2660
w6 | 1337 | t7ae | 2020 | 2383 | 20m | 120 | 1289 | ress | 1980 | 2358 | 2617
2 | 1a33 | 1740 | 2n0 | 2567 | 2808 | |eo | 1282 | 1645 | 1960 | 2326 | 2.576

’Exaitzple: For the shaded area to represent 0.05 of the total area of 1.0, value of 1 with 10 degrees of freedom is 1.812
Source:  From Table TIT of Fisher and Yates, Statistical Tables for Biological. Agricultural and Medical Research, 6th ed., 1974,
published by Longman Group Ltd., London (previously published by Oliver & Boyd, Edinburgh), by permission of the authors
and publishers.
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308 STANDARD NORMAL DISTRIBUTION {APPENDIX 3
Areas reported helow: *
= -———-X—”
=0
Proportions of Area for the Standard Normal Distribution
z .00 Q01 02 .03 04 05 .06 07 08 09

0.0 00060 0040 0080 0120 0160 0199 0239 0279 0319 0359
0.1 0398 0438 0478 0517 {0557 0596 0636 0675 0714 0753
0.2 0793 0832 0871 0910 0948 0987 1026 1064 1103 1141
0.3 1179 J217 J25% 4293 1331 1368 1406 1443 1480 1517
0.4 1554 1591 1628 1664 1700 1736 1772 1808 1844 1879
0.5 1915 1950 1985 2019 20584 2088 2123 2187 2190 2224
0.6 AeX] 2290 2324 2357 2389 2422 2454 2486 2518 2549
0.7 3580 2612 2642 2673 2704 2734 2764 2794 .2823 2852
0.8 .2881 2910 2039 2067 2005 3023 3051 3078 3106 3133
0.9. 3159 3186 3212 3238 3264 .3289 3318 3340 3365 3389
1.0 3413 .3438 3461 L3485 3508 33531 3554 3577 3599 3621
1.1 3643 .3665 3686 .3708 3729 3749 3770 .3790 3810 3830
12 3849 3869 3888 3907 3925 3944 3962 3980 .3997 4014
1.3 A032 .4049 L4066 4082 4099 4115 4131 4147 4162 4177
1.4 4192 4207 4222 4236 4251 4268 4279 4292 4306 4319
1S 4332 4345 4357 4370 4382 4394 4406 4418 4429 4441
1.6 4452 4463 4474 4484 .4495 43505 4518 45235 4535 4545
1157/ 4554 4564 4573 4582 4591 4599 4608 4616 4625 4633
1.8 4641 1649 4656 4664 4671 4678 4686 4693 4699 4706
1LY 4713 4719 4726 A732 4738 4744 4750 4756 4761 4767
2.0 4772 4778 4783 44788 4793 4798 4803 4808 4812 4817
2.1 4821 4826 L4830 4834 4838 .4842 4846 A850 .4854 4857
23 4861 4864 4868 A8T1 .4875 4878 4881 L4884 4887 4890
2.3 4893 4896 L4898 4901 4904 4906 4909 4911 4913 4916
2.4 4918 4920 4922 4925 4927 .4929 4931 4932 4934 4936
29 4938 4940 4941 4943 4945 4940 4948 4949 4951 4952
2.6 4953 4958 4956 4957 4959 4960 4961 4962 4963 4964
2.7 4965 4966 4967 4968 4969 4970 4971 4972 .4973 4974
2.8 4974 4975 4976 4977 4977 4978 4979 4979 4980 4981
29 4981 4982 4983 4983 L4984 4984 49835 49835 A986 4986
30 4987

3.5 4997

4.0 4999

*Example: For z — 1.96, shaded are is 0.4750 out of the total area of 1.0000,



Present value of 1 i.e. (1 + 7)™

Present Value Table

Where r = discount rate
n = number of periods until payment
Discount rate (r)
Periods
(n) 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%
1 0-990 0-980 0971 0:962 0:952 0943 0-935 0-926 0917 0-909 it
2 0-980 0-961 0-943 0-925 0907 0-890 0-873 0-857 0-842 0-826 2
3 0-971 0942 0-915 0-889 0-864 0840 0-816 0-794 Q772 0-751 3
4 0961 0924 0-888 0-855 0:823 0-792 0-763 0735 0-708 0683 4
5 0-951 0-906 0-863 0-822 0784 0-747 0-713 0681 0-650 0621 B
6 0:942 0-888 0-837 0-790 0:746 0705 0-666 0630 0-596 0-564 6
7 0933 0:871 0813 0-760 0711 0665 0623 0-583 0-547 0513 7
8 0923 0-853 0:789 Q731 0677 0-627 0-582 0-540 0-502 0467 8
9 0-914 0-837 0:-766 0-703 0645 0592 0-544 0-500 0460 0424 9
10 0905 0-820 0:744 0676 0614 0-558 0-508 0:463 0422 0-386 10
11 0896 0-804 0722 0-650 0-585 0-527 0:475 0:429 0-388 0:350 i
12 0-887 0-788 0-701 0625 0:557 0497 0-444 0:397 0:356 0-319 12
13 0-879 0-773 0-681 0-601 0-530 0469 0415 0-368 0-326 0290 13
14 0-870 0-758 0661 0577 0-505 0442 0-388 0-340 0:299 0-263 14
15 0-861 0743 0:642 0:555 0-481 0:417 0-362 0:315 0-275 0-239 1.5
(n) 11% 12% 13% 14% 15% 16% 17% 18% 19% 20%
il 0901 0-893 0-885 0-877 0-870 0:862 0-855 0847 0-840 0-833 1
2 0-812 0-797 0:783 0-769 0756 0743 0731 0718 0-706 0694 2
=) 0731 0712 0693 0675 0658 0-641 0-624 0-609 0-593 0-579 3
4 0-659 0:636 0613 0592 0-572 0-552 0-534 0516 0-499 0482 4
5 0:593 0-567 0543 0-519 0-497 0-476 0-456 0437 0419 0402 5
6 0:535 0-507 0-480 0-456 0432 0410 0-390 0-370 0:352  -0:335 6
7 0-482 0-452 0425 0-400 0:376 0-354 0-333 0-314 0:296 0:279 7
8 0:434 0:404 0-376 0-351 0-327 0-305 0:285 0-266 0-249 0233 8
9 0-391 0-361 0-333 0-308 0-284 0-263 0-243 0-225 0-209 0:194 9
10 0:352 0:322 0295 0-270 0-247 0-227 0-208 0-191 0-176 0-162 10
1l ©:31.7 0-287 0261 ©:237 0:215 0-195 0-178 0-162 0-148 0135 1
12 0-286 0:257 0:231 0-208 0-187 0168 0152 0-137 0-124 0112 12
i3 0:258 0-229 0:204 0-182 0-163 0-145 0130 0116 0-104 0-093 13
14 0-232 0-205 0181 0160 0-141 0125 011 0-099 0-088 0-:078 14
15 0:209 0183 0-160 0-140 0123 0-108 0-095 0-:084 0-074 0:065 15

[PT.O.



Annuity Table

Present value of an annuity of 1 ie. L (1 400
p
Where r = discount rate
n = number of periods
Discount rate (r)
Periods
(n) 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%

1 0990 0980 0971 0962 0952 0943 0935 0926 0917 0909 1
2 1-970 1-942 1-913 1886  1-859 1-833 1-808 1-783 1-759 41736 2
3 2:941 2:884 2i859: @178 223 2673 - 2624 . 2577 22531 2487 3
4 302" 3808 ®717 3630 . 3:546: 3465 2BRY. 2312 3240 31N 4
5 4853 4713 4580 4452 4829 4212 A100 3993 3890 3791 5

6 5785° &041 5-417 5-242 BOTE. 917 767 . 4603 4-486 4355 6
/ 6728 6472 230 6-002 5786 5582 5389 5206 5033 4868 7
8 7-652 = 7-325 7.020 6733 6463 210 + 5971 5747 5635 . - 5335 8
9 8566 8162 7786 7:435  7-108. . 6:802 6:515  6:247 5995  5:759 9
0 9471 2083 8530 811l saeho PEs0 . 7024 8710 6:418 6145 10

11 10368 9787 9253 &760° - 8306 7887 7.499  7-139 6805 6495 11
12 112965 10:575 9954 9385 8863 8384 7-943 1586, 1161 6-814 12
13 12-134 11:348 10:635 9-986 9394 8853 8358 7904 7487 7103 s
14 13-:004 12106 11:296 10-563 9899 9295 2745 - §r24d. . 7786 1367 14
15 13-865 12:849 11-938 11148 10380 971« 9108, 8559 . 5061 7-606 115

(n) 11% 12% 13% 14% 15% 16% 17% 18% 19% 20%

It 0-901 0893 0885 0877 0-870 0862  0:855 0-847 0840 0833 1
2 1715 1-690 1:668 1-647 1-626  1:605 1:585 1-566 1-547 1-528 2
3 2:444  2:402 2:361 5399 .. 2788 2240 5010 2174 o 2140 2108 3
4 3-102 3037 2:974 2914 2855 2798 2:743 2.690 2639 2589 4
2 g0 3605 3817 3438 5352 3274 3:109 - 2127 - 8088 - 2881 5

6 4-231 4111 3998 3889 « 3-784 3.685 3589  3-498 3410, 18326 6
7 4712  4-bed 4423 4288 4160 4039 3922 3812 3706 3:605 7
8 5146 4968 4799 4639 4487 4344 4207 4078 3954 3837 8
9 5e537 5308  B-1832 4946 4772 4607 4451 4-303 4163 4031 9
0 5890 5650 5426 5216 5019 4833 4659 , 4-494 4339 4192 10

11 6207 5.938 5687 5453 5234 5029 4836 4-656 4486 4327 11
i2 6492 6194 5918 5660 5421 5197 4988 4793 4611 4439 12
18 6:750 6424 6-122 5842 5583 5342 Eil8 7 4910 24715 <4538 13
14 6982 6628 6302 6002 5724  B468 5:229 5008 ~ 4:802. 4611 14
19 7:181 6:811 6462 = B142 . Bi8A7 5575 5324 5092 4876 4675 15



APPENDIX 2

Poisson Distribution

Values of e

by e A e

00 1.00000 2.5 08208
0.1 90484 2.6 07427
0.2 81873 2.7 06721
0.3 74082 2.8 06081
0.4 67032 29 : 05502
0.5 60653 3.0 04979
0.6 .54881 3.2 04076
07 49659 34 03337
08 44933 1.6 , 02732
0.9 40657 38 02237
1.0 36788 40 01832 g
11 33287 42 01500
12 30119 4.4 01228
13 27253 4.6 01005
14 24660 48 00823
1.5 22313 50 00674
1.6 20190 55 00409
1.7 18268 6.0 00248
1.8 .16530 6.5 00150
19 14957 7.0 00091
20 13534 7:5 00055
2.1 12246 8.0 00034
29 00180 8.5 - 00020
23 .10026 2.0 00012
24 09072 10.0 00005

3. {17
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