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s-r,;,-z-I:iTICS .A:;D ?i:.OBASILIT~: A:~ I~,TR0Dt:CTOR.! COUR::iE 

Session Date Topic 

1 4/5 Introduction to course; concepts of exper1met_1tal measurecieilt, 
samples, data representation. 

2 4/7 Bistogracis, curves, distributions, and cumu1ative plotting. 

3 4/12 Means, medians., mode; variance, sums . of squares, 
standard 'deviation, skewness, kartosis. 

4 4/26 Central Limit Theorem; introduction to probability concepts. 
. -

5 4/28 Further notions of probab'ility, random variables, relationship 
to distributions - PMF, CDF - joint distri~utions. · 

6 5/3 .. Marginal and conditional properties, moments and expectations; 
means and variances ·rev.isited. 

. 
7 5/10 Standard shapes of· distributi(?~S Bern9ulli, binomial, Poi_sson. 

8 · 5/12 Hypothesis testing - type I and type II errors - choosing the 
alternative hypothesis. 

9 5/17 More standard distributio;ns - . exponential, gm:.ima, normal, 
·1~gnormal, ,extreme-value. 

10 5/19 Para.metric statistical ·tests , distributions; F, t, and 
· chi-square. 

11 5/24 Scatter diagrams, covariance, correlation; notions of .cause 
and effect versus coincidence. 

12 6/2 Relationships between variables - linea·r, log. log-linear r 
-various nonlinear shapes; ti2e-series ·analysis - a special , 
definition of depende.nce. 

13 6/7 Nonparametric statistics, dependence on size, Kolmogorov-
Smirnov test, other useful nonparametric statist·ics .. 

14 6/14 Review of SPSS capabilit.ies for data analysis; review of 
project work and overall course. 

'I'he course iJill be illustrated throughout with exa~ples, based primarily on 



t f ad sic passen&er counts ; passenger surveys, and ot~er bus systeo data. Other 
• illustrations ..,-ill use ideas that are in com.-:ion usage in everyday life. Those 

ca;.;.ing the course \."ill be· e):pec ted to co::iplete ho::ie\..·ork assign:::ents for each 
class session, and there will be a Quiz Section once a \Jeek. to review the 
honet.'ork and to deal .:ith questions. 

To execute ho=e~ork, students ~ill require the use of a calculator, pencil, and 
paper. No ho=eworks ~ill be done on the computers at RTD. .• 

The approximate schedule will be: 

Tuesdays 7:30 a.m. to 9:30 a.m. 

Thursdays 7:30 a.m. to 9:30 a.m., Quiz section 9:30 a.m. to 10:30 a.m. 

Additionally. there ~ill be a special project assigned for the week of April 18, 
and the projects will be evaluated and dis,cussed 1 together with geFleral 
questions on the course on June 16 and 21. 
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The text for the course is: 

Applied_ ~:anagerial Statistics , by Park J. Ewart', James s. Ford, and 
Chi-)'.uan · Lin:, Prentice-}:iall, ·Inc. 1 1982. 

Readings for the course a·re taken froo this text. 

SESSION 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 · 

11 

12 

13 

14 

READINGS 
Chapter·s l and 2 

Chapter 3 

Chapters 4 and S · 

Chapters · 6 and 7 

Chap;er 8 

Chapter 9 

~hapters 10 and 11 

Chapter 12 

Chapter 16" 

Cha~ter 17 

Chapters 18 an~ 19 

It is also recommended that as many of the exaaples in ,the book be worked in 
addition· to the ·exercises set during t he course. The examples in the book are 
to be self-marked answers are to be found at the end of the book • 

.J"P.3 
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' SSSSim; 1 EXERCISES 

1. In 12id-19S5., the .RTD ~ill no longer be provided '-ith the revenues from 
Proposit.ion A that i.lake up the deficit of maintaining a 50 cent• fare. Suppose 
that: it is now January 1955, and you are responsible for recoraaending to the 
General Hanager what fare should be charged .fro.ii .aid-June. A Board decision has 
been scheduled vi thin 60 days on the new fare. Ho>wever, ther~ is a referendu·m 
for a further half-cent sales tax increas,e .to provide a continuing subsidy to 
bus operators in Los Angeles County, and t h is referendutn will be _voted on in 90 
days. 

Should the referendum pass, the fares Yill be able to . be maintained at: their 
current 50 cents for at le·ast another year, with the consequent maintenance or 
improvement of patronage throughout the system.. If the fare is increa·sed to 
$1. 00, as has been determined to be required w:ith no local sales tax subsidy, 
several lines will have to be cut back or eliminated, and patronage will 
decline. 

(a) Prepare a table showing · the alternative courses of action, possible states 
of .nature, and possible consequences for the RTD. • 

(b) · What is the major source of uncertainty in this situation? 

(c) What is the population of_ concern in t h is decisio~ s~tuation? 

·(d) What is the decision parameter· of concern ia this problem? 

(e) How .-ould ·you obtain additional information to reduce the amount of 
uncertainty in the decision, and what info~mation would you seek? 

2. Define the scales of measurement of t he following items: 

Distance to a bus stop in blocks 

- The Richter Scale of earthquake intensity 

Income .. in dollars per year 

Ethnic origin 

Rating of the ••readability" of RID s chedules 

- Ratings of movies from G to X 

- Trip purpose . 

- Ratings of RTD service between very favorable and very unfavo~able 



- -----------------------------------------------

0 

Traffic Analysis Zone ~umbers 

~en~s shoi sizes 

3. For each of the ceasureoents of question 2, indicate 'which ones are 
coatinuous and \,;hich are discrete, a.no 'Which ones are .approxi::1ate and \o:hich ones 
are exact. 

• 



' . 

EX£RCISE.S 

1. In nid-1935 1 the ?.TD will no lon:;er be provided \dth t 
Pro;,osition A that ::iake up the deficit of ilaintaining a.: 
that it is now January 1985, and you are responsible for 
General !-!anager ,.:h.::.t: fare should be charged fro:.i raid-Jum 
been scheduled ,.d t h i n 60 days on the new fare. Ho,.:ever, 
for a further half-cent sales tax increase to provide a c 
bus operators in Los Angeles County, c:nd this referendun 
days. 

Should the referendu.n pass, the fares will be .able to be 
current 50 cents f ,or at 1e·ast another year, with the coni 
improvement of patronage throughout the system. If the j 

$1.00, as has been determined to be required with no loc, 
several lines will have to be cut back or eliminated, an< 
decline·. 

(a) Prepare a table showing the alternative courses of a, 
.of nature, and p,ossible c-onsequences for the RID. 

(b) Khat is the major source of uncertainty in this situ, 

(c) What is tbe population of concern in this decisions 

'(d) What is the decision parameter of concern in this pr1 

(e) How would you obtain additional information to reduc 
uncertainty i'ct the de_cision, and what information would 

2. Define the scales of measurement of the following ite 

Distaoce to a bus stop in blocks 

- The Richter Scale ·of earthquake intensity 

- Income in ·dollars per year 

- Etltnic origin 

- Ratiog of the •·readability" of RTD schedules 

- Ratings of movies from G to X 

Trip purpose 

- Ratings of RTD service between very favorable 

Q/PI 
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Traffic Analysis Zone ~umbers 

- Hen '.s shoe sizes 
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3. For each of the r.i.easureoents of question 2, indicate which ones are 
continuous and which are discrete, and ,._.hich ones are appro:dmate arid t..hich ones 
are exact. 
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si::ssro:; 2 EXl.m.CISES 

l. The da ta in Table 37 ( a·t tached) are from. a recent RTD bus survey. What is 
t he type of scale used for measuremen t for. t1lis question? What form of 
graphical presentation of the dat_a would be most useful for these data 
to provide a rapid suramary of the information obtained? Develop the 
presentation(s) that jou feel to be the most useful. 

2. Table 24 (attached) represents another par.t of t he RTD On-Board data. 
Plot a curaulative distribution of t he overall data and of any five bus 
lines. What can you learn from· these distributions? What method did you 
use to select the five bus lines, and why? What other presentations of the 
data would be useful to you and how would you use them? 

3. The third set of data attached (Tabl e A) are fares from the ongoing fare 
counting program of RTD. These data are· collected by one-way trip for a 
sample of bus runs for part of the day. Th~ period covered includes one 
peak and the midday. Plot histograms for each bus line in the data set 
and for the entire sa,mple in Table A. Why would you consider a cumulative 
distribution not to be useful? For one l i ne ,of y,our choosing, plot 
histograms for each trip. What conclusions can you draw from this? 



TABLF. 37 
~ . nr f\.~:~,:J _FOH_ !~OT iUSING _RIDJASS 

ny BUS LTNE 
., 

D:>n't Can't r.on • L !{1i,M 1-b Con~ Might 
Bus Rid e Afford \•,he r e To v':"::, ient rose J\\inber of 
L~ne En~u1h Pc?.SS Buy Pcl ss _ Oil tlet ~ Other 'fotal nc.snondents 

12 54.5% 15.9% 2- 3~ .1. 5% 13.6% 9-1% 99.90% 44 
18 30.0 20.0 15.0 5.0 s.o 25.0 100.00 20 
29 18.9 5fi.8 16.2 8.1 100.00 37 
32 33.3 45.2 2.4 9.5 4.8 4.8 100.00 42 
44 37.0 31.5 6.5 10.2 6.5 8.3 rno.oo 108 
47 43.2 29.7 2.7 5.4 .16.2 2.7 99-90 37 
73 58.3 8.3 lf:i.7 !1.3 8.3 99.90 12 
81 · 63.8 6.9 12.1 6 .9 3.4 6.9 100.00 58 
86 3Fi. 6 19.5 1.2 8.5 11.0 23.2 100.00 82 
88 48.8 22.0 14.6 7.3 7.3 100.00 41 
89 41.4 25.7 4.3 11.4 4.3 12.9 100.00 70 
91 48.4 17.2 7.8 3.1 6.3 17.2 100·.oo 64 
96 41.7 33.3 8.3 8.3 8.3 99.90 12 

114 52.8 18.5 4.6 ,1 .6 ·6.5 13.0 100.00 108 
152 57.1 7-1 s. ,1 16.1 1.a 12.s 100.00 56 
155 71.4 7-1 7.1 14.·3 99-90 14 
156 54.7 7.5 24.5 9.4 1.9 1.9 99.90 53 
157· so.a 13-2 10.3 ll.8 4-4 .10.3 100.00 68 
160 50.0 6.3 25.0 12.s '5. 3 100.10 16 
164 ·57.1 8.6 2.9 11.4 5 .. 7 14-3 100.00 35 
165 56.7 16.7 16.7 10.0 ~ 100.10 30 
166 54.3 8.6 8.6 2.9 11.4 14.3 100.10 35 

'16'8 61.5 7.7 7.7 ll.5 11.s 99.90 26 
169 45.0 15.0 12.s 7.5 s.o 15.0 100.00 80 
175 64.6 8.3 8.3 10.4 4 .• 2 4.2 100.00 48 
210 48.4 18.8 7.8 7.8 10.9 6.3 100.00 · 64 
354 40.0 6.7 6.7 20.0 26. 7 100.10 15 
424 40.0 36.7 3.3 10.0 3.3 6.7 100.00 -30 
425 56.3 16.9 2.a 0.s 4.2 11.3 100.00 71 
431 62.0 18.0 12.0 2.0 6.0 100.00 50 
435 62.5 17-2 6.3 7.8 3.1 3.1. 100.00 64 
451 60.0 13.3 6.7 )3.3 6.7 100.00 30 
452 66.7 22.2 .5.6 S.fi 100.10 18, 
453 33.3 so.o 16.7 100.00 6 
454 35.0 25-0 25.0 10.0 s.-o 100 •. 00 20 
484 53.8 19.2 11.5 11.5 3.8 99.80 26 
488 71.4 12.2 8.2 4.1 2.0 2.0 99.90 49 
813 73.1 11.5 · 3.8 11.s 99.90 26 
821 47.4 5.3 21.1 10~5 .5.,3 l!0.5 100.10 19 
822 45.2 16.1 6.5 19.4 9.7 3.2 100.10 31 
826 45.8 22.9 4.2 6.3 10.4 10-4 100.00 48 
831 47.8 17.4 8.7 13. 0 8.7 4.3 99 .• 90 23 
840 53.6 19-6 7.1 .. 7.1 7.1 5.4 99.90 56 
844 42.2 9.4 10.9 17.2 4.1 15.6 100.00 64 
846 57.1 15.1 3-4 8.4 5.0 10.9 99-90 119 
861 67.9 12.s 1.8 8.9 l.B 1.1 100.00 56 
867 36.1 16.7 11.1 11.1 5.6 19.4 - lCl0.00 36 
869 62.9 12.9 4.3 7.1 2.9 10.0 •!~--100.10 70 
871 57.7 9.3 9.3 10.3 s.2 8-2 .100.00 97 
872 38.9 16.7 11.1 16.7 11.1 . 5.6 -100.10 18 
OVER-
ALL 46.3% 22.8% fi.5% 7.1% 7.4% 9.9% 100.00% 2302 

Response Rate: 78.7% (of r c!s pondtmts pa'Jl ng cash fares) 
6i. . 



T~8L E 2ll 
HU MBER ·o F ct.RS 

BY B_US 1.l t!E 

1/uml::er of Ca r'S f' e:r House h old 

Five Hean llurnber of 
Bus or Ho. of Respon-
L_i ne !lone One ~ ~ Four More !.tl!! Cars/HH dent:s 

12 23. l! i 311. 6S 29.9i 7.51 2 • . 111 1.9S 100.os 1.39 107 
18 29.9 31.3 16.4 6.0 1 O. II 6.0 100.0 1. 60 67 
29 119. 5 28. fl 1.2 11.7 1. B .9 9'9. 9 .92 111 
32 36.9 23.8 20.2 9.5 6.0 3. 6 100.0 1.39 BIi 
1;11 38.B 31. 8 · 20.7 6.6 • 8 1. 2 99.9 1. 03 · 2112 
ll7 34.2 30. 1 16.4 6.8 8.2 ll. 1 99.8 1.37 73 
73 18.3 33.3 28.3 10.0 3.3 6.7 99.9 1.70 60 
81 31.11 22.9 211. 5 1 o. 1 7. II 3.7 100.0 1.53 188 
86 29.0 39.5 21 •• 0 6.8 3-7 • 100.0 1. 17 162 
ea 27. 1 32.3 24.0 11.5 3, 1 2.0 1 DO. 0 1. 39 . 96 
89 52.2 29,7 12.1 , • 7 2. ·6 1. 7 ,oo.o ,78 232 
91 36.2 38.8 17. 1 5.3 2.0 • 7 100. ,1 1.01 152 
96 • • I • I • • • 22 

11 4 20.7 33.3 25.7 11. 3 ,11. ' 5.0 100. 1 1.63 222 
152 24.3 29.0 29.0 7.5 7,5 2.8 100.1 1.58 107 
155 • • • • • • .. • 38 
156 11. 3 25.8 37.9 19,4 3.2 2.4 100.0 ,.as 1211 
157 18.7 23.9 35.8 14.9 3.7 2.6 99,8 1.75 1311 
160 21. 3 24.6 27.9 11. 5 n.1 1. 6 100.0 1.77 61 
1611 32.3 32.3 1 9. II 9.7 3.2 3.3 100.2 1.30 93 · 
165 23. 1 35,9 24. II 6.11 9.0 1.3 100. 1 1. 116 78 
166 26.0 32.5 19,5 15.6 3.9 2.6 100. 1 1.49 77 
168 8.5 28.8 35.6 15,3 6.8 5., 100. 1 1.98 59 
169 20. 9 30.8 29.7 1,. 0 II, 7 2.9 100 . 0 1.sa 172 
175 1 9. 0 37.0 25.0 12.0 s.o 2.0 100.0 1.54 100 
210 311. 0 33,5 23. 1 6. 1 1. ,9 ,. 4 100.0 1.111 212 
3511 24.5 32.7 26.5 6. 1 6. 1 4. 0 99.9 1.51 49 
ll211 25.6 22.1 3.1 . 4 11,6 4 . 7 11 . 7 1 GO. 1 1.62 86 
1125 29.3 31.6 23. l 1 1 • 1 3.6 1.3 100.0 1.33 225 
II 31 25.7 26,7 29.7 9.9 5.9 2.0 99.9 ,.so 101 
ll35 20.11 31.5 25.9 17.9 ,.9 2.11 100.0 1,59 162 
1151 29.0 21. 0 27. II 11. 3 6 .5 11 . 8 100.0 1. 61 62 
452 • • • • • • • • 29 
453 • • • • • • • • 36 
11511 27.3 28.8 31.8 9., • 3.0 100.0 ,.36 66 
1181; 33.9 30. ll 23,2 8,9 1. 8 1.8 100.0 1.21 56 
118 8 18.2 11 ll. 1 25.2 9. 1 2.8 • 7 1 oo. 1 1.36 143 
813 25.0 33,8 29.11 II, II ,11,ll 2.9 99,9 1.38 61! 
£121 • I I • • I • I 39 
822 30.2 31.7 22.2 6.3 3. 2 '6. ll 100.0 1. 113 63 
826 3 6. II 36.4 16.9 6.5 , • 3 2.6 1 00. 1 1.09 77 
831 23.3 33.3 16.7 i 6. 7 · 1.7 8 . II 100. 1 1.68 60 
ai. o 2ll. 8 33. Cl 21.5 8.3 2.8 3,6 100,3 1. II 4 109 
Billi 22.6 30 . 3 29,0 , , • 6 3.2 3, 2 99.9 1. 56 155 
81:6 2fl. 0 25.7 26.6 1 3. 1 .2. I! 3,7 99.9 1.50 2111 
861 26.7 311, 1 21.5 13.3 1.5 2,9 100.0 1.40 135 
867 24. 1 311; 5 2!1. 7 6.9 3. q 2.2 99.B 1 • IIO 87 
!169 , 11. 8 31.0 29.0 13.5 5,8 s. a 99.9 1.86 155 
871 211. 0 37.0 211. 0 8.9 2.6 ).6 100.1 1. 41 192 
872 38.6 31.6 21., 6,8 • f 1 oo. 1 ,.oo 57 
Overall 33,6S 32,31 20,9S 8.0J 3. 21 2. 0 1 100.0J 1.22 5500 

•sa111ple size too !! rn all to allow valid 3tat.ist.i cal comparison 

46 
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TABLE ~A 

Ll.'-1: JUJ:~ TRIP FARES PASSES FREE 
TRANS ~.Su SENIOR STUD/ REG. SENIOR STUD. COLL. CHILDREN 

CASH COLL. 

30 8 1 26 48 5 0 32 37 16 9 19 

30 8 2 42 44 3 0 3'9 27 17 4 . 17 

30. 8 3 11 28 1 0 52 11 5 1 7 

30 8 4 2 13 0 0 20 6 2 0 0 

30 8 5 23. 50 2 0 50 15 14 1 9 

30 8 6 13 48 1 0 23 · 2 6 2 6 

5 2 l 22 14 0 0 13 3 1 3 0 

5 2 2 1 7 0 0 7 .u 1 1 0 

5 2 3 4 5 0 0 5 1 0 0 0 

5 2 4 0 3 0. 0 ·s 1 0 0 0 

5 2 5 1 0 0 0 0 0 0 0 0 

5 2 6 16 24 0 1 16 2 0 3 2 

5 2 7 3 35 0 0 10 1 l 0 1 

207 3 1 49 78 6 1 59 23 38 3 12 

207 3 2 43 78 8 2 84 31 12 4 6 

207 3 3 23 13 1 0 47 14 21 14 4 

207 ) 4 40 23 · 0 0 51 10 31 10 3 

207 3 5 22 27 2 0 25 .8 7 4 1 

207 3 6 14 20 0 0 27 t i 5 2 0 

207 3 7 20 16 1 0 21 3 i 4 0 

207 3 8 .12 8 0 0 20 l 7 3 0 

12 6 1 36 66 5 0 43 36 10 28 0 

12 6 2 36 61 3 0 41 l 9 25 20 0 

0 ·J<i ,,--

-~ 



' ' 

12 b 
., 46 68 4 0 30 ~1 19 l3 0 ,, ..) 

12 6 4 26 19 6 0 28 17 27 5 0 

12 6 5 14 41 2 0 41 H 6 7 0 

12 6 6 12 17 l 2 29 10 8 8 0 

5 18 1 19 47 ·l 2 40 17 1.S 0 11 

5 18 2 22 83 5 1 . 35 8 15 4. 6 

5 18 3 37 81 0 0 27 6 36 4 16 

5 18 4 13 51 0 0 23 4 6 3 7 

44 2 1 3 4 0 0 10 4 0 0 0 

44 2 2 8 22 0 0 41 7 2 2 0 

44 2 3 11 14 1 0 20 7 ,8 2 !I. 

44 2 4 10 13 l 0 17 9 4 3 l. 

44 2 5 21 51 4 0 40 32 7 5 4 

44 2 6 37 44 13 0 34 47 16 12 7 

44 2 7 21 33 4 0 1'9 ·34 19 7 3 

t.4 2 8 20 32 6 0 48 Li 4 22 3 5 
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SESS10N_3 EXERCISES 

1. Tables 37 and 24 from Session 2 Exercises are given in perce 
recompute the tables in terms of absolute numbers of responses f 
category. 

For Table 37, what is the m~an number ,of r~spondents per bus lin 
variance and the standard deviation in the numbers of respondent 
How many respondents do no·t know where to buy a bus pass? And ¥i 

average number of respondents per bus line that cannot afford a 

2. Calculate the mean, mode, a~d median car ownership per house 
survey respondents, from Table 24. Comment on the results of tl 

·calculations. What ca:n you deduce from them? What is the mean 
respondents to this question per bus line? What is the variancE 
standard deviation, ,the skewness and the kurtosis? Interpret tl 
these calculations. Compute the standard deviation of the car c 
household. Comment on this figure. 

3. From Table A in the exercises of Session 2, compute the mea1 
fares and passes for each bus 1ine, and the standard deviation. 
median for each bus line. Calculate the mean, median, and stanc 
for the entire Table for each f .are type. Discuss the results. ~-:::;.-., ~ 

6 
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SESSION 4- EXERCISES 

1. The RTD bus fleet consists of (say) 327 Grumman buses, 256 new GM buses, 763 
older GMC buses, 317 AH Generals, and 449 assorted other buses. Assume that the 
allocation of buses by make to each run of RTD bus routes is a random 
occurrence, and that your arrival at a particulat bus stop in downtown Los 
Angeles is also a random event. What .are t'he probabilities of the followiµg 
events: 

a. The first bus to arrive at yo·ur s ,top is a Grumman? . 

b. The first bus to arrive is a oew GM, and the second is an AM 
General? 

c. The third bus to arrive is another new GM? 

d. The fourth bus to arrive is neither a Grumnan, nor a new GM? 

2. For the RTD bus fleet of Question 1, s~ppose that 100 buses were selected 
randomly. How many of the buses would be expected to be of .each type ,in such. a 
random selection? 

Us.irig these _numbers, what is the number of· permutations of buses by bus type 
that could be sent out fz:om the garage? And how many combinations are there? 
What are the odds that the first bus that 'is sent out from the garage is a new 
GM bus? 

3. Use set theory to define- the possible outcomes of tossing a coin three 
times; and of rolltng a pair of dice. Is the set £ 11, 12, 13] a proper subset of 
the second set? Why? 

Suppose you are playing Blackjack with a standard pack of 52 cards. You have 
been dealt a nine and a seven and the dealer has dealt two cards facedown to 
himself or herself. If you were to ask for one mo1:e card, what is the set of 
possible outcomes that can occur? lf the dealer has a King and a· 5, what is the 
universal set of outcomes? What is the probability that your third card wil.l 
leave you with a score of 21 or less? (Assum·e that an Ace scores 1 and that 
picture cards are :worth 11.) Suppose that your third card is a 4. What are tbe 
odds that the dealer will beat you, if he or she draws one more card? Calculate 
the odds by using sets. 

.. , . 
! 

---------------------~G,,_3_P_z.. __________________ _ 
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SESSION 5 EXERCISES 

1. In planning for the ·future of SCRTD, two events play a major role 
defining the directions for development of the bus _ routing and · scheduJ 
whether or not additional funds will become available in 1985 to replc 
s_ubsidy currently provided from Pt'op A, and whether or not UMTA will I 
requested funding to build Metr,o- Rail. The possibility of a referenc 
for added taxes in 1985 for subsidy purposes is consid~red to be enha1 
UMTA has already committed to funding Metro-Rail. 

Based on a Consultant's study, it is.determined that the probability 
additional taxes being passed for 1985 is 

P(A)
0

= 0.45 

and that the probability that UMTA w.ill make a commitment to fund Met'1 

. P(M) = 0.60 

It is also estimated that the pr,obability that ·the · referendum will pa1 
increased by 50% if UMTA commits funding to Met~o-Rail. 

(a) Which of the following is a correct statement? Event's A and M ar1 

(i) Independent and mutually exclusive 

(ii) Independent but not mutually exclusive 

(iii) Mutually exclusive but not independent 

(iv) Neither mutually exclusive nor independent ~ 

(b) What is the probabilit;y that a referendum will pass and that Met· 
will be funded? 

(c) What is the probability that the referendum will pass if UMTA fu1 
Metro-Rail? 

(d) \vl\at is the probability that neither event takes place? 

2. The cost of an on-board survey, using surveyors who ride the buse 
composed of several elements. The costs are $15 per hour for the tim 
surveyors, 20 cents per survey handed out, an overhead cost of $5 per 
surveyor for supervision, and a fixed cost of $25 per survey day for 
administrative and related expe,nses. 

(a) Write down a function tha 1t expresses the daily cost of such a• sur 
define the· variables ~ou use. 

(b) If a particular survey is to involve 40 hours of surveyors per da 



0 

will hand out an average of 50 forms an hour, and each surveyor will work an 
average of 6 hours per day, what is the·daily cost of the survey? 

(c) A second survey firm pays their surveyo.rs on a piece-t"ate instead of hourly, 
with a • rate of 50 cents per completed and returned ·survey. This firm's printing 
costs for the forms is 18 cents per survey, their supervision costs the same, 
and the fixed adminis.trative charge is $30 per day. Write out the cost function 
of this firm. 

(d) If the first firm achieves a response rate of SS percent, and the second 
firm achieves a response rate of 65 percent, which firm will be least expensive 
under the conditions of (b)? 

3. Consider question 6.6 (page 115) in the text. After answering questions (a) 
and (b), answe~ (c)~ 

(c) Suppose that tlie coin is to be toss,ed fi'Ve times. Specify the sample space 
for this experiment. If X denotes the n,umbe.r of heads resulting from the 
experiment, is X a discrete or a continuous r ,an:dom val"iable? Define the 
probability function for this experiment, and specify if it is a probability 
MASS or a probability DENSIT1 function. 

' 
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SESSION 6 EXERCISES 

1. Let X be a random variable. denoting the number of RTD bus 
breakdowns in one division in a 24-ho,ur period. The probability 
mass function of Xis given by: 

.,04 i£ X = 0 

· • 005 c12~x> if X = 1,2,3,4,5 

.005(X+2) if X = 6,7,8,9,10,il,12 

f(x) = 
.01(21-X) i£ X = 13,14,15,16,17,18, 

19 

0 otherwise 

(a) What is the probability that there wiil be 7 breakdowns in a 
24-hour period from one division? 

(b) Find the probability that ther-e will be more than 2 
breakdowns, but less than 10. 

(c) Draw the distribution. Calculate the expected value of X, the 
mode(s), and the variance ·of X. Show the position of the mean 
and the mode(s). 

2. Let X be a random variable denotin_g the length of time ( in 
months) before a RTD'employee loses his or her ID badge/bus pass. 
The probability density function of Xis given by: 

0.1 i£ 0 < X < 3 -
a + bx if 3 < X < 6 

f(x} -= 
C - d.x i£ 6 < X < 9 -
0.01 if 9 < X < 12 -
0 otherwise 

(a) Assume that a = 0.05, b = 0.01, c = 0.1358, and d = 0.001. 
Determine whether these value.s are consistent by defining the 
cumulative density function and determining its maximum 

value. 

(b) What is the probability that an employee will lose his or her 
badge in the 5th month? - · 



(c) What is the expected length of time that an employee will 
keep 

his or her badge? · 

(d) What is the standard deviation of tbe time that an employee 
will keep his or her. badge? 

{e) If the cost to RTD of replaciQg the badge is given by 

' C = g(X) = $.50 + .1(8 + Sx) 

What is the expected cost of replacing an employee. badge? If 
there are 8,500 employees with badges, what is the expected annual 
cost of replacing badges? 

(f) How many_ employees (if any) will ·not lose their badges within 
11.5 months? If an employee who loses his or her badge more than 
two weeks before it expires is charged a replacement fee of $5, 
irrespective of when in the year he or. she loses it, how much . 
profit {loss) will RTD make on replacement badg,es? · .{Assume that 
no employees lose their badge a · .second time during the year.) 

qt,/7.2. 
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SESSION 7 EXERCISES 

1. You are conducting an on-board survey on RTD buses. Suppose . 
that there are 40 people r~ding· a bus that is boarded by a 
surveyor. Of the 40 people riding the 'bus, l8 paid a cash fare 
and 22 used a pass. A sample of 10 passengers is to be drawn 
randomly. wnat is the probability tbat t he sample will include at 
least 5 pass users if: 

(a) Sampling is conducted with replacement? 

(b) San1pling is conducted without replacement? 

(c) How would you design a nonprobability sample of bus riders? 

"2. In Session 2, question 2, you chose five bus lines from the 
Table 24. Estimate the- -mean and - standard deviation of the cars 
pe.r household for your sample and compare to the answers you 
obtained for mean and standard deviation in Question 2 of Session 
3. What do you deduce from this? 

Use the random numbers at the back of the text book to draw a 
~andom sample of five bus 1:i.,nes from Table 24. Again compute the 
·mean and standard deviation. How does it compare to the values 
you just calculated? 

3. Suppose that bus arrivals at Fifth and Hill is a Poisson 
process, such that, in a 5-min·.1te period during the afternoon 
peak, lambda has a value (in the Poisson distribution) of 2.8. 

(a) What is the probability that there will be exactly 3 buses 
passing through the intarsection in a 5-minute period? 

(b) ·what.is the probability that the.re will be not more- than 3 
buses in the period? . 

(c} What is the probability that there will be more than 3 buses 
in the p~riod? 

4. If 52% of the voters in Los Angeles County favor a 
Proposition to add a further half-cent to the Sales Tax for 
transit in 1985, what is the probability that, in a sample of 50 
voters interviewed at random, the .majority will favor the 
Proposition? 

If you were to design such a sample, would- you sample with or 
without replacement, and why? 

'U _,.---
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SESSION 8 EXERCISES 

1. Define the action space, the .parameter space, and the state 
space for the problem in Session 1, Exercise 1. Construct a 
testable hypothesis for the problem, includ·in·g specifying the null · 
hypothesis. Define what would be Type I error and what would be 
Type II error in this problem. For the hypothesis you construct, 
what would be your decision rule? (Hint: use one of the 
distributions discussed in Session 7.) 

2. The RTD is considering mounting an advertizing campaign to 
attract more riders. • ·The recollTllendation of an advertizing agency, 
retained to develop the campaign, is the claim that. even in the 
peak periods, at least 75% of RTD buses are on schedule. Before 
adoµti ng this campaign, the RTD Board has instructed the General 
Manager to make sure ·that the claim is not untrue. You are 
directed by the General Manager to obtain the necessary 
information and determine whether or not the Board should approve 
the campaign. 

(a) Identify the action space and state space ,of this_ problem. 

(b) How would you partition the state space? 

(c) State what your null and aiternative hypotheses would be. 

(d) What is the appropriate test statistic? 

(e) What is the appropriate sampling distribution for the 
problem? 

(f) Specify the domain of the sampling distri bution • 

. (g) If .the General Manager has adopted the .05 level •of 
significance, what are the acceptance and rejection regions 

of 
the domain of the sampling distribution? · 

(h) What is the aecision rule? 

(i) Define the Type I and Type II errors in this problem. 
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SESSION 9 EXERCISES 

1. Consider Table 24, as used in Session 2, .Exercise 2. _Repeat 
t he random sampling of five bus lines that you performed 1n 
Session 7, Exercise 2, to produce 4 more samples. For each 
sample, calculate the mean and the standard deviation of car 
ownership. Sample without replacement for this ex-ercise. Present 
the results in a tabular distribution, to see the effect of 
sampling for the mean and the standard devi:ation. Comment on the 
result. 

Repeat the exercise now with sampling with r eplacement. What 
differences do you find in the results? 

2. Define the sampling distribution of the sample mean for the 
on-board survey of Session 7, Exercise 1, under condition (b) 
(sampling without replacement). Us-ing the distribution you have 
defined, detennine the expected value and t he variance of the 
sample mean. 

3-. An on-board survey on RTD buses has questioned the ages of bus 
riders. Current ridership on RTD is about 1.5 million r{des pe.r 
day, and probably represents about 500,000 or more individual 
pe-op le. From the survey, the mean age of a bus rider is 
determined to . be 36 years, and the standard deviation is 17.65. 

(a) If it was reasonable to assume that ages of riders are 
normally distributed, how many riders will be between 25 and 45 
y,ears old? 

(b) Under the normal distribution assumption, how many are over 65 
years old? 

{c} How reasonable is it to assume a normal distribution? Explain 
your answer. 

t 
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SESSION 10 EXEHCISES 

1. In the Los Angeles region, the census e~timates that average 
car ownership per household is 1.95 cars per household. What test 
would you perform to determine .. whether or not the car owne.rsbip of 
bus riders, as reported in Table 2i (Session 2, Exercise 2) is 
statistically different from regi-onal car ownership? Perform the 
test, and comment on the result. 

2. In Session 2, Exercises 1 and 2, two tables were provided -­
Table 37 and Table 24. Table 37 contains responses from 
cash-fare-paying riders only, while Table 24 contains responses 
from all riders. From these two tab1es, one can compute the 
proportion of responding, cash-fare-paying riders as a propor~ion 
of all riders. Compute this proportion f,or each bus line in the 
Tables. 

(a) How would you determine if there .is statistical evidence that 
the _proportions differ significantly from line to line? Perform 
the test. 

(b) The mean proportio_n of responding, cash-fare..:paying riders is 
0.4185 (2302/5500), according to the tables. Is the (unweighted) 
mean of the proportions by bus line a closer estimate of this than 
the median? At . a significance level of .95, is. there any 
difference? 

(c) Using your sampled bus lines from Table 24 (Session 9, " 
Exercise 1), what is the expected mean and standard devilltion of 
the number of respondents, based on these samples? Test whether 
or not these values are significantly different from the actual 
mean and standard· deviation computed from th,e entire Table. r'rom 
your samples, which of the sample means and standard deviations 
are significantly different from the Table mean and standard 
deviation, at a .95 level of signific•nce? 
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INTRODUCTION TO PROB)\BIUTY 

AND ST A TI STI CS 

FINAL TAKE-HOME EXAMINATION 

You are in charge of a project to assess the viability of ir 
the Harbor Freeway, to run from the Sepulveda Boulevard inte 
Street intersection, where buses will proceed onto downtown 

a) It is intended to permit carpools over a certain size tc 
it is intended to run 120 buses per hour in the peak one hc>L 
Assume that the ,capacity of the busway in addition to the 12 
vehicles per hour and that capacity must not be exceeded 95 
Vehicle occupancy studies by CALTRANS show that carpools in 
by a bi nomi a 1 distribution, such that for carpools of 3 or n 
proportion of carpo,ol s is 0.15.and for 4 or more people it i 
that the peak volume into the city on the Harbor Freeway is 
hour, what size carpool can be allowed to share the busway? 

b) A sample survey of 25 resi'dents in the South Bay Area wt 
Los Angeles has been undertaken. Sampling was done using a 
without replacement. Among the questions asked are: 

How many cars are avai l ab 1 e to your househo 1 d? 

Would you use an express bus on a Harbor Freeway bu~ 
work? 

How many times have you ridden a bus in the past mor 

Data from the survey are provided in Table 1, attached. 

1. What i s t he average number of cars avail able, anc 
standard devi ation of the number available? 

2. What i s the median number of times a respondent I 
the past month? 

3. What proportion of respondents would ride the bw 

4. Compute the mean, variance, and standard deviati1 
times a respondent has ·used bus in the past montl 

5. What is the probability that a respondent with a 
use the busway, and what is the probability that 
no car available will not use the busway? 

6. What is the standar~ deviation of the mean of th1 
avail able? 

rPI 
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7. If the .1980 Census showed that mean car availability for households 
in the South Bay Area is 1.49, with what confidence could you state 
that the mean of the sample is the same as the South Bay mean? 

. 8. What type of a standard distribution best describes the responses 
to the question on riding the busway? Based on this sample, what · 
is the probability that, from a subsample of 10 persons, all 10 
would say they would ride the busway? What is the probability 
that none of them would? 

9. In a subsequent survey of 500 residents of South Bay, it is found 
that the mean number of cars available to residents who work downtown 
is 1.44 withs= 0.8784, that the mean bus use of the 
respondents is 4 times per month with standard deviation of 7.3348, 
and that 35 percent of respondents indicate they would be likely 
to ride the bus. Based on these subsequent numbers, you decide 
that you · doubt that the ori ,ginal sample of 25 was a truly random 
sample. Structure the hypotheses you would seek to test~ and 
set out the details of the tests you would ~ake. What is your 
decision rule? Con~uct the. tests and draw your conclusions. 

c) From data co 11 ected by the SCRTD, it is known that 40. O percent of SCRTD 
riders use a pass. Assuming that pass use is aJernoulli process, what is the 
probability that 25 riders on a busway bus with 50 riders boarding will be pass 
users? What is the probability that at 1,east 20 riders wil 1 pay a cash fare? 

,FP.2.. 
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· TABLE l 

Respondent . Cars Ride Times Used Bus 
Available Busway in Past Month 

1 0 Yes 15 
2 2 Yes 4 
3 1 No 0 
4 1 Yes 20 
5 3 No 12 
6 0 Yes 8 
7 2 Yes 16 
8 2 No 3 
9 1 ,No ,Q 

10 0 Yes · 18 
'11 3 Ho 2 
12 '4 .. Yes 2 
13 1 Yes 20 
14 0 No 26 
15 2 Yes 18 
16 2 .No 6 

~-' 17 0 Ho 2 
~j 18 1 Yes 14 ;.• , 
.: 

19 1 Yes 12 ,. ~· 20 -.1 Yes 6 
21 1 Yes 16 __ .. . 
22 0 Yes 22 · ,.., 

~-1 23 3 ,No 0 
24 1 Yes 20 . 
25 1 No 8 " -

0 
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