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SECTION A (ANSWER ALL QUESTIONS FROM THIS SECTION)

QUESTION ONE
For each research situation below:

(a) ldentify the independent and dependent variables and
(b) Classify the level of measurement of each variable.
" (c) Decide the statistical applications to be used: descriptive statistics (single variable),
descriptive statistics (two or more variables), or inferential statistics

i. *A graduate student is studying sexual harassment on college campuses and asks
500 female students if they personally have experienced any such incident. Each
student is asked to estimate the frequency of these incidents as either often,
sometimes, rarely, or never. The researcher also gathers data on age and major to
see if there is any connection between these variables and frequency of sexual
harassment. [5 marks]

ii. The adult bookstore near campus has been raided and closed by the police. Your
social research class has decided to poll the student body and get their reactions
and opinions. The class decides to ask each student if he or she supports or opposes
the closing of the store, how many times each one has visited the store, and if he or
she agrees or disagrees that “pornography is a direct cause of sexual assaults on
women.” The class also collects information on the sex, age, religious and political
philosophy, and major of each student to see if opinions are related to these
characteristics. i [5 marks]

ii. Foraresearch project in a social science course, a student has collected information
about the quality of life and the degree of political democracy in 50 nations.
Specifically, she used infant mortality rates to measure quality of life and the
percentage of all adults who are permitted to vote in national elections as a measure
of democratization. Her hypothesis is that quality of life is higher in more democratic
nations. [5 marks]

iv.  Ahighway engineer wonders if a planned increase in speed limit on a heavily traveled
local avenue will result in any change in number of accidents. He plans to collect
information on traffic volume, number of accidents, and number of fatalities for the
six-month periods before and after the change. [5 marks]
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v. Students are planning a program to promote safe sex and awareness of a variety of
other health concerns for college students. To measure the effectiveness of the
program, they plan to give a survey measuring knowledge about these matters to a
random sample of the student body before and after the program. [5 marks]

SECTION B (ANSWER ANY THREE QUESTIONS FROM THIS SECTION)

QUESTION TWO

a) Nationally, it is claimed that the average annual salary of social workers is more than
$24 509. A random sample of 144 social workers in Harare yielded a sample average
annual salary of $25 782 with a standard deviation of $622. Conduct a test at the 5%
level of significance to determine if the average annual salary is more than $24 509.
[20 marks]

b) A parkade attendant would like to select a sample of car drivers to take part in a study
commissioned by the city council. Give five reasons why the city council opted to use
a sample of drivers in the study instead of the whole population of drivers in the city.
[5 marks]

QUESTION THREE

a) Suppose that ZEGU students are asked to identify their major personality types of
lecturers (Agreeableness, Conscientiousness and Neuroticism) and lecturer warmth-

competence (Warm-Competent, Cold-Competent or Cold Incompetent) and indicate
their preferences. Suppose that their responses are represented in the following table.

Warm-Competent | Cold-Competent Cold Incompetent
| Agreeableness 50 37 26
Conscientiousness | 40 45 24
Neuroticism 28 46 48
Test the independence of personality type and warmth competence. [20 marks]

b) Social workers are interested in understanding the level of satisfaction among clients
with the services provided by a community support center. Responses from a random
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sample of clients were as follows: 69 were very satisfied, 55 were moderately satisfied,
5 had no opinion, 3 were moderately dissatisfied, and 2 were very dissatisfied. Using
a suitable chart, show the above-mentioned information. [5 marks]

QUESTION FOUR

a) An examiner and a moderator marked 7 examination scripts during a standardization
process and awarded the following percentage scores:

Script 1 2 3 4 5 6 i
Number

Examiner 67 54 38 70 42 70 80
Moderator 58 60 38 67 44 69 76

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

b) Social workers are interested in understanding the distribution of farms across
different provinces to better plan community support and agricultural programs. The
frequency distribution shown represents the number of farms per province for the 50
provinces based on information from the Department of Agriculture:

Number of Farms per Province Frequency
0 — under 200 ’ 16

200 — under 400 1

400 — under 600 1l

600 — under 800 6

800 — under 1000 4

1000 — under 1200 2

i, Determine the average number of farms and standard deviation per province from
these data. [10 marks]

i. The mean computed from the original ungrouped data was 417.96 and the standard
deviation was 388.56. Compare and contrast the answers for grouped data and
ungrouped data. Why might they differ? [5 marks]
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QUESTION FIVE

A social worker is interested in knowing whether the number of social work cases in a
community can be predicted by the unemployment rate. The following data represents a
sample of a month's social work cases and the unemployment rate for that month:

Unemployment Rate (%) Social Work Cases
8.5 220
3.2 60
55 110
6.0 130
4.0 70
7.5 190
6.8 160
52 1156
a. Plot the scatter diagram and comment on the result. [5 marks]
b. Develop a simple regression line to predict the number of social work cases in a month
by the unemployment rate for that month. [8 marks]
c. What would be the predicted nupnber of social work cases for an unemployment rate
of 7%7 [2 marks]
d. Calculate the coefficient of determination of the data and comment. [5 marks]
e. Calculate the correlation coefficient of the data and comment. [5 marks]
THE END
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STATISTICAL FORMULAS

MEASURES OF CENTRAL TENDENCY

Ungrouped data
: Do
Population mean, p ===

Sample mean, X= §n£

_n+1
2

Median, M.

Grouped data

: f
Population mean, p = ZﬁE

Sample mean, X= %
. G-F)C
Median, Me = Ly + 2—
fm
= (d)c
Mode, Mo =Lm + i
MEASURES OF DISPERSION
Ungrouped data
Population average deviation, AD= E_l’i"_m
Sample average deviation, AD = -Z%
Population variance =g’= %(Z X2 - —’1\7(2 x)%)

Sample variance = s*= n_iI & x2 - % X x)%

Population standard deviation, ¢ = Jg (Ex2 - %(Z x)2)

Sample standard deviation, s = Jﬁ (Xx2 - %(Z x)?)
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Grouped data
Range = maximum value — minimum value

kn
F)C
Percentile, Py =Ly + Q_onfp%_

xn
G=PIE
fd

Decile, Dx=L4 +

n
G-F)C
fq

Lower quartile, Q1=Lq +

4
30N
E-F)C
fq

Upper quartile Q3 =Lq +

Interquartile range = Q3-Q1

Quartile deviation = %
Population average deviation, AD= _Zﬂ:;—ul
Sample average deviation, AD = Ef‘+‘f|

Population variance, 6® = = (% fx2 - ~ (X fx)?)

Sample variance= s*= n_11 . fx2 - %(E fx)?)
4

Population standard deviation, ¢ = J% (X fx2 - % (L=

Sample standard deviation, s = \/n_:LI (X fx2 - %(Z fx)?)
Population coefficient of variation, CV= E x 100%

Sample coefficient of variation, CV = % x 100%

SHAPE OF FREQUENCY DISTRIBUTIONS

3{p—median —mode
(1 ) or(” cT)

Population skewness, Sk =

3(X—median X—mode
( ) or( g )

Sample skewness, Sk =
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2 . SHX-p)*
Population kurtosis = =(—’?—

THX-R)

Sample kurtosis == :

S

BASIC PROBABILITY CONCEPTS

n,

i.  Classical Method of Assigning Probabilities: P(E) = ~N3
ii. Probability by Relative Frequency of Occurrence

Number of Times an Event Occurred

Total Number of Opportunities for the Event to Occur
jiii. Complementary rule: P(A") = 1—P(A)

iv. Addition rule
a) If X, Y are non-mutually exclusive, P(XU Y) = P(X) + P(Y) — P(XNnY)

b) IfX,Y are mutually exclusive, P(XU Y) = P(X) + P(Y)
v.  Multiplication rule
a) If X, Y are dependent (conditional probability),
RBEN YY) = P(X)- POYIX] =B(Y ] P(XIY)

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

P (XnY) _ P(X)P(Y|X)
PIT) P(Y)

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

PROBABILITY DISTRIBUTION

Probability distribution Mean | Variance

Binomial distribution np npq
25 n! X( )X
B P

Poisson distribution A Y
et
P9~

Standard normal distribution 0 1
X =L
Z e —

o

CONFIDENCE INTERVALS

Mean of a single normal population
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i,

iii.

If sample size is small (i.e., n<30) and ¢*> Unknown

i-ta;z(n—n%susﬂta/z(n—1)75-1; orsimplyiita/z(n—l);%

If sample size is large and ¢” unknown

X - zwz% SR Zafz—j—n or simply, X + Za/ZVSE

If variance, ¢ is known

X - za/z% S SNk Za/Z'\%_l" or simply, X + Za/Z%]‘

TESTING OF HYPOTHESIS (ONE SAMPLE CASE)

Tests on the mean of a single population

1.

ii.

iil.

If when o2 is unknown and sample size is small (n<30), then the t Statistic is such that,

If when o2 is known and sample size is large, then the z statistic is such that:

o x‘—l'--\:Z: X'Ulb:
Ox W].
If when o2 is unknown and sample size is large, then the t statistic is approximately a
standard normal random variable such that: z= ~%— ;
Vo

4

Hypothesis to be tested Distribution Reject Ho if
Z -distribution Z>Zas

Ho: p=po Z<-Zun

Hi: g # po T - distribution T>Ta2m-1)

T<- ty2(n-1)

Ho: 1 < po Z-distribution Z>7q

Hi:p > o T-distribution T >ty (n-1)

Ho: 1 = po Z-distribution Z<-Zy

Hi: p < o T-distribution T < -ty (n-1)
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TESTING OF HYPOTHESIS (TWO SAMPLE CASE)

Comparing Two Population Means when samples are from independent populations

Use if sample sizes > 30 or if 61 and o5 are known: z = S1-X2)

2o
G
nyp np

: : . X.1—-X;)

Use if sample sizes > 30 or if o1 and o are unknown: z = Z2=%2)

: 5.5
ny ng

Comparing Population Means with Unknown Population Standard Deviations (the Pooled z-
test)

Small sample test of means (n<30)

The required assumptions are: (1) Both populations must follow the normal distribution. (2) The
populations must have equal standard deviations and (3) The samples are from independent
populations.

- X n1-1)S*+ (n2-1)82
t= =t where S2p= Szp= _'_—__—( Bl ita
L ni+nz -2

Shisto)

Degrees of freedom (df) : ni+n2-2

Two-Sample Tests of Hypothesis: Dependent Samples

Use the following test when the samples are dependent:

d
sa/\n

Degrees of freedom (df): n-1

CHI-SQUARE TEST
xzcalc = Z _‘_(fo;fe)

Degrees of freedom (df) = (number of rows—1)x(number of columns—1)
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SIMPLE REGRESSION AND CORRELATION

Fitted Trend Line: Y=a + bX

_REXY- DXEY

. ny X —(E Xy

BN -bX

nIXY: - Y XYY

Correlation coefficient, r = vR? = T GG

W= XY Y )2

Coefficient of determination, R*= ( e T e G

BUSINESS CALCULATIONS

s Vvh2—
Quadratic formula: X = bi—zbaﬁ
Differentiation

i. iff(x)=x"thenf'(x)=nx"";ify=x"then, % = mx 2

ii. Rule 1. The constant rule. If h(x) = cf (x) then h'(x) = cf '(x) for any constant c.
iii. 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. Lf 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

Gy _ dy du
dx ~ du’ dx
dy dv du
vi. Rule 5: The productrule. f y=uvthen —=u— + v—
dx dx dx
d Aui dv
vii. Rule 6: The quotient rule. If y =% then E_Z = —dx = dx
e i i d f
viii. Implicit differentiation: AT
dx fy
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APPENDIX 5 —

Student’s
t Distribution

Areay reported below: *

T e i v

-0

Propgrtions of Area for the ¢ Distributions

& 0l0 005 0025 001 0005 & 0do 068 eear 001 . Gs
T ] 30 | 6314 | 12706 | 3821 | 6368 8 [ T390 | 178 | Ziol | 252 | 167
2 | 1886 | 2920 | 4303 | 6965 | 9925 19 | 1328 | 1739 | 200 | 2539 | 286
3| 16 | 2353 | a2 | ase | ssa 2 | 1325 | 172 | 2086 | 250 | 28
4 s 5 139
R 2 AT v | apal| || 1 | 1| 2o | 2s | o
g 2 G : a2 n | 1321 | 17 | 20m | 2508 | 2819
s | 140 | 193 | 240 | 3083 | 3707 22 | 139 | 17a | 206 | 2500 | 2807
7 | 1415 | 1895 | 2365 | 2998 | 34 2 | s | v | 20 | 2492 | 2797
8 | 1397 | se0 | 2306 | 289 | 338 35 | 136 | 1708 | 2060 | 2485 | 277
5 mgn 7 g9 P
s | e i 36 | 1ns | tae | zose | 2479 | 279
{12 #2 1 Mm% * 5 | 134 | 1968 | 2em | 203 | 2am
uolotse | oame | 2200 | o278 | 306 38 | 133 | tam | 208 | 2467 | 2763
1356 | 172 | 2179 | 2681 | 3085 39 | 1an | uem | 20e5 | 2462 | 235
3% { i | 2180 | 2600 | 3002 0 | 1310 | 1697 | 2om | 2457 | 2750
. # 7 5 ¥ B2 4
o o R e et w0 | 1303 | ress | 20m | 242 | 2704
s ; o H = 6 | 1296 | 1em | 2000 | 2390 | 2.660
| 16 E359 4 ) 746 2120 2.583 2921 120 | 1289 1658 | 1980 | 2338 | 2617
| 13 b 17a0 | o | 2567 | 28| oo | 1382 | iess | 1960 | 23% | 2.5%

'E:{am;é}ﬁe For the shaded area to represent 0.05 of the total area of 1.0, value of 7 with 10 degrees of freedom is 1.812
Source: From Table ITT of Fisher and Yates, Statistical Tables for Biological, Agricultural and Medical Research, 6th ed., 1974,
pubtished by Longman Group Ltd., London (previously published by Oliver & Boyd, Edinburgh}, by permission of the authers
and publishers.
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APPENDIX 6 -

Areas reported below: *

¥ : 7
Fordf=1,2 Fordf =3

Proportions of Area for the x* Distributions

Proportion of Area
dar | 0.990 0.975 0.950 0900 | 0500 | 0100 00s0] o02s] oo | 0005
s “[0.00016 | 0.00098 | 0.00393 | 00158 | 0.455 T 383 502 6.63 7.88
2 - 00201 | 00506 | 0.103 0211 | 1.386 | 46l 5.99 7.38 921 | 1060
3 0118 0.216 0.352 0.584 | 2366 | 625 7.81 935 | 1134 | 1284
4 1 02 0.484 0711 1064 | 3357 | 7178 949 | 1114 | 1328 | 14386
5 | 0554 0.531 1145 161 2351 | 924 | mno7 | 1283 | 1509 | 1673
6 0872 1,24 1.64 2.20 535 | 1064 | 1259 | 1445 | 1681 | 18355
T 11 1.69 217 283 635 | 1202 | 1407 | 601 | 1848 | 2028
=8 | 16s 218 2.73 3.49 734 | 1336 | 1581 | 1753 | 2009 | 21.96
9 2.09 270 3.33 4.17 $34 | 1468 | 1692 | 1902 | 2167 | 239
| 250 3.5 394 4.87 934 | 1599 | 1831 | 2048 | 2321 | 2519
- 3.08 3.4 457 ssg |1034 | 1728 | 1968 | 2192 | 2473 | 2676
3.57 4.40 5.23 630 | 1134 | 18ss | 203 | B34 | 2622 | 2830
s 5.01 5.89 q04 | 1234 | 1981 | 2236 | 2474 | 2769 | 2982
4.66 5.63 6.57 770 | 1334 | 2106 | 2368 | 2602 | 2044 | 3132
5.23 6.26 7.26 gss | 1434 | 2231 | 2500 | 27.49 | 3058 | 3280
581 6.91 796 931 | 1534 | 2354 | 2630 | 2885 | 3200 | 3427
6.41 7.56 8.67 1000 | 1634 | 2477 | 2759 | 3039 | B4 | 3BR
| 701 8.23 9.39 086 | 1734 | 2599 | 2887 | 3153 | 3481 | 306
763 8.91 10.12 165 | 1834 | 2720 | 3004 | 3285 | 3619 | 3858
8.26 9.59 10.85 1ad | 1934 | 2841 | 3u41 | 3407 | 3757 | 4000
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312 CHI-SQUARE DISTRIBUTION [APPENDIX 6
Proportion of Arca
df | 0995 0.990 0.975 0.950 0900 | 0500 | 0.J00 | 005 | 0025| 0010] 0003
21 [ 8.03 8.90 10.28 1.59 (24 = [0aa 079963 | A6y | 3548 | 3893 4n40
2| 8.64 9.54 10.98 1234 14.04 | 2034 | 3081 | 3392 | 3678 | 4029 | 42380
23 | 9.26 10.20 11.69 13.09 14.85 12234 | 3201 | 3507 | 3808 | 41s0 | 4418
24| 989 10.86 12.40 13.83 1566 | 2334 | 3320 | 3642 | 3936 | 4298 | 4556
25 | 10.52 11.52 1542 14.61 1647 | 2434 | 3438 | 3765 | 4065 | 4431 | 4693
26 | 1116 12.20 13.84 15.38 1729 | 2534 | 3556 | 38.89 | 4192 | 4564 | 4829
27 | 11.81 12.83 14.57 16.15 1801 12634 | 3674 | 4011 | 4319 | 4696 | 49.64
28 | 1246 13.56 15.31 16.93 1894 | 2734 | 3792 | 4134 | 4446 | 4828 | 5099
29 { 13.12 14.26 16.05 7.1 1977 | 2834 | 3909 | 4256 | 4572 | 4959 | 5234
30 | 13.79 14.95 16.79 18.49 2060 | 2934 | 4026 | 4377 | 4698 | so89 | sie7
40 | 2071 22.16 24.43 26.51 2905 | 3934 | SL81 | 5576 | 3934 | 6369 | 6677
50 | 27.99 29.71 32.36 34.76 369 49337 | 6317 | 67250. | T4 | 7615 | Jo4o
60 | 35.53 37.43 40.48 43.19 4646 | 5933 | 7440 | 7908 | 8330 | 8838 | 9195
70 | 43.28 45.44 48.76 5174 5533 16933 | 8553 | 90.53 | 9502 | 1004 | 1042
80 | SE.17 53.54 517 60.39 6428 1 7933 | Omse 41019 [ lo6s {1123 | 1163
90 | 59.20 61.75 65.65 69.13 7329 | 8933 | 1076 | 113 118.1 124.1 128.3
100 | 67.33 70.06 74.22 77.93 8236 [9933 | 1185 | 1243 | 1296 | 1358 | 1402

*Example: For the shaded area to represent 0.05 of the total area of 1.0 under the density function, the value of x* is 18.31 when

df = 10.

Source:  From Table 1V 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
=X
Proportions of Area for the Standard Normal Distribution

4 00 01 02 03 .04 .05 06 07 08 09
0.0 D060 0040 0080 0120 0160 0199 0239 0279 0319 0359
0.1 0398 0438 0478 0517 0557 0596 0636 0675 0714 0753

2 0793 0832 0871 0910 0048 0987 1020 1064 1103 d14i
0.3 4179 A217 255 1293 1331 1368 1406 1443 .1480 A5
0.4 1554 1591 1628 1664 4700 1736 1772 .1808 .1B44 1879
0.5 A915 1950° 1985 2019 2054 L2088 2123 2157 2190 2224
0.6 2257 i 1 2324 2357 2389 2422 2454 2486 L5108 2549
0.7 2580 2612 .2642 2673 2704 2734 .2764 2794 2823 2852
0.8 2881 2910 2939 2967 2895 3023 3051 3078 3106 3133
0.9. 3159 3186 3212 3238 3264 3289 3315 .3340 3365 3389
1.0 3413 3438 3461 3485 3508 3531 3554 3577 3399 3621
1.1 o643 .3665 3686 .3708 3729 3749 3770 .3790 J810 3830
1.2 3849 3869 3888 .3907 3925 3944 3962 3980 3997 Adt4
L3 4032 4049 4066 4082 4099 4115 4131 4147 4162 - 4177
1.4 4192 4207 4222 4236 4251 4265 42719 4292 4306 4319
(xS 4332 4345 4357 A370 4382 4394 4406 4418 4429 4441
1.6 4452 4463 4474 4484 4495 4505 4515 4525 45335 4545
17 4554 4564 4573 4582 4591 4599 4608 4616 4625 4633
1.8 4641 4649 A656 .4664 A671 4678 4686 4693 4699 4706
LY AT13 AT19 4726 é 4732 4738 4744 A150 4756 AT61 4767
2.0 4772 AT78 4783 4788 4793 4798 4803 4808 A812 4817
2.1 L4821 4826 4830 4834 .4838 4842 4846 4850 4854 4857
23 L4861 4864 4868 4871 4875 ABT8 4881 4884 4887 4890
3 4893 A896 4898 4901 A904 4906 4509 4911 4913 4916
24 4918 4920 4922 4925 4927 L4929 4931 4932 4934 4936
25 4938 4940 4941 4943 4945 4946 4948 .4949 A951 4952
2.6 4953 .4955 4956 4957 AY59 L4960 4961 4962 A963 A964
2.7 4965 4966 A967 4968 4969 4970 4971 4972 4973 4974
28 4974 4975 4976 4977 A977 L4978 4979 4979 4980 4981
29 4981 4982 A983 4983 4984 4984 4985 A985 4986 4986
30 4987
3.5 4997
4.0 4999

*Example: For z = 1.96, shaded aren is 0.4750 out of the total area of 1.0000.
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