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Compulter Lxercises

Introduction

students who uss the computer to assist them in learning
statistics react to this experience in many different ways. GSome
find the computar to be 4 very exciting tool and find 1ts use in
laarning statistics to be highly rawarding. Others discover that
the computer is really more of a astumbling block than a stepping
stone to Lheir mastery of statistics. The vast majority of

studonts llie somewhere in between Lhese btWo exXtremes.

This manual 15 based on the idea that the computer can
banefit all statistice studAnts. The computor exercises found
here are designed to make the job of learning statistics an

casier one and to assist in later use of statlistics.

There are a number of ways in which careful use of chese
exercisas can be helpful. lMuch of statistics deals Wwikh the
analysis of large guantities of data. When a student learns the

technigues involved in this analysis, he 1s usually forced to

learn by applying them to small and meaningless sets of values.
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This is necessary because the amount of time needed to analyze a
large data set is prohibitive,; and such a4 data sebk is usually not
available. The computer allows us to avoid this difficulty with
it ability to store, retrieve, and manipulate large amounts of
data at very high speeds. Tha student then 1s able to perform
analysis on realistic data, thus gaining a Valuaple perspectiva
an the use of the statistical techingues as well as experience 1in

interpreting results in & meaningful way.

A common complaint of statistics students Lo the amount of
computational work necessary in the statistics course. Thig work
is not only Uninteresting and nonbeneficial, but also extremely
time consuming. Computation is, of course, one of the things a
computer does best. The computer-wise statislics student Lig able
to delegate this kind of task to the computer with sase and avold

the pain of doing it himself.

The exerclses in this manual also use Lhe computer as A
device Which generutes demonstrations of important concepts from
probability and statistics. This valuaple learning technigue 18
applied in two ways: first, by use of computer-generated
graphical demonstrations of concepls or technigues; and secondly.

by a device known as simulation.

The study of statistical inference is based upon the concept
of probability and the fact that after a large number of

repetitions of an experiment We can expeclt 3 given outcome tO
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ocelr a specified proportion of the time- The computer allows
one to simulate thae repetitidn of such an experiment, observe the
punber of oocourrences 1n order to verify our expactations and

demonstrate the meaning of one” 58 conelusions.

Finally, the fact that the student is learning statlistics
with the assistance of a computer has tha effact of helping ain
latar applications since almost all statistical analysis done in
practice 15 done with the aid of the computer. Irom experientce
Wwith thegse eaxercises, the student will at least know hia way
around the computer center, know how to cubmit jobs, and have
overcoma his initial focar of the computer. And since the
computer 18 a valuable tesl in many other araas, too, the gtudent
will probably find this computer experience halpful in ways which

have noething to do with statistics.

All of the above advantages of using the computer could he
abtained without doing any computar programming. FPrograms axisl
which provide sclutions to all of the exerciges in this manual
and an esamination of these solutions would accomplish much the
same purposes described above. Tndeed; such a use of these

materials would be a valuaple addition to a statistics class.

The author feels, however, that much of the benefit of using
these materials 18 derived from the student doing his own
programming. When he progdrams. he bocomes an active learner

vather than a passive one, and becomes involved in a true learn-
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by-doing situUation. In addition, it is well=-known that a
valuable technigue for increasing one’s own understanding of an
idea is by explaining it to someone else. Pragramming 18 nothing
but explaining a technigue to the computer and, hence, provides
excallent exercise to enhance the student’s understanding.
Programming a4 technigue can do more to help a student understand

it than applying it to twenty problems.

A student need not feel, however,; that he must be an experl
programmer to use this manual- The exercises ara written with
the assumption that the student is learning how ko program as he
worksa through the axercises. The earliest axerclses reduire
almost no programming oxpertise, while some of the later ones
require more. This manual presupposes the uUse of the FORTHAN
programming language. If the student does not already know this
language it is suggestad that he obtuin a textbook on FORTRAK and

learn it as he proceeds.

When it 18 necessary:. in Lho course of theso exercisas, to
use some more inveolved program segment than the student is
prepared to write, the student 18 referred to a subprogram which
has been written and stored in the computer and may be used by
any programs. These subprograms are described in Fart 2 of this
manuals One will Ffind these subprograms useful, not only for
daing the exercises in this manual, but also for assisting with a

number of the problems that are found in the statistics texthook.
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How to Use fthe Computer Exercises

Each computer exercise consists of five parts. The first
part is a statement of the purpose of the exercise. Here the
student will faind the technaigue or concepl that is being dealt
with and a description of how thig exercise is intended to assist

in understanding it.

The "pascription" section of the assignment describes L he
action which i8 to take place on the computer. Sometimes this
description will be a detailed gpacification af the program to be
written and gsometimes it will take a more open-anded form,

leaving the details to the student’s discretion.

The "Output” section descripes the information the gtudent
16 to have his program provide as output. Thio usually gpecifins
a minimum amount and most students will find 1t advantageous to
include; along with those values specified, a copy of all
variables read into the program, which is useful as a debugging

tanl and in identifing answers, as well as identifying labele for

all values printed.

The "Ouestion® cection as the most important part of the
ewarcise. These guestions are intended to lead the student to
the important ideas ain his results and stimulate him into
thinking about why they were what they were. Thesse guestions

should be answered thoroughly. Hany exercises will instruct the

student to prepare a punched card which will summarize the
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rasults of the exercise. This is done so that the instructor
might obtain a summary of results the entire class DY using these
punched cards as input data for a summary programs. Follow the

instructions carefully when you prepare these cards.

The section of the assignment called "Extra Things Lo Tey"
18 provided for the student who has some time and interest lefk
afvor completing the first part of the exercise. This section
leads him into further exploration of the ideas traatad by the
prxarcige and usually reguires more praogrammint ability than the

original exercige.

There are more exercises includad in this manual than can ba
completed in one course. 1t i6 hoped that the instructor will
asgign that subsat of these exercisecs which soems Appropraate Lo
him and that you, the student, will feel free to try any aof Lthe

others which look interesting.
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Computer Exercise 1¢ The Law of Avorages

Eﬁ&nﬂ5ﬂ= The purpose of this excrcise is to familiarize Lhe
student with the use of the keypunch, the procedures for
running programs, and techniques for printing his ansWars on
the computer. It im alse intended to illustrate a property

of probability which common sende commonly micinterprats.

Dgpgription: You are to write a program which uses the supplied
subprogram FLIF to simulate the flipping of 4 coin and record
the roesults of one hundrad coin flips. For anstructions on
using FLIP, see Part 2 of this manual, Description of

subprograms.

Outputt: Your autput should consist of L00 computer printad
lines, sach Line containing either the word "HEAD" or the

word "TATIL".
Duestliong:

1. How many times do three consecutive heads appear in your

listing Followed by another £lip? Hote that 4 consecutive
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heads count as two occcurrcnces of 1 consecutive heads in the
following Way:
First occurrence of [HEAD
threea HEAD] second boccurrence
IEAD ot threa
HEAT)
TAall
For how many of these occurrences of thrae consecutive heads

18 the flip immadiately following alsoc 4 head?

86 that we can compile the results of the entire class on the
compukter; punch a card summarizing your rosulls with the
following format:

In columns 1-2 punch your answer ko question Ul

above with tha rightmost digit of Your answar

punched in column 2. In columns 4=5 punch your

answer to guestion £ above with the raghtmost digit

of your answar punched in column 5.
A comon interpretation of the law of averages 18 that 1f a
coin ie fair: then after three consecutive heads it should
tend to faver landing with the tail side up on the next [lip
in order to average itself out. Do the results you ohtalned
in the above experiment tend to verify this i1dea? What would

your comment be about this idea based on your knowledge of

propability?

Extra Lhings to try:

1.

compute the number of occurrences of three consacutive heads
you would expect to get in 100 flips by the laws of

grobability- (You don't need the computer for thisa)
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2. Can you wWrite your program in such a way that the results ot
more than one £1lip occur on each line? Try for 2 on a line

first and then seo 1f ¥You can put & on a ling.

Computer Exorcise 2: Sum of Pairs of Rice

Purpage: Thio exercise is to illustrate the use of subprograms
for printing aintegers and Lossing Hdico. [£ aloo demoneirates
the probability ol an event which is the union of several

mutually exclusive outcomas.

Description: Write a program whicl simulates the tossing of tWo
Eair dice 100 times, using the subprogram ITOGS describaed in
Part 2 of this manual. The program 18 to compute The sUm of

gach resulting pair.

Qutput: Your output should consist of 100 computer printed
lines, sach line conLaining the two values appsarang on the

dice and their ocum-

Dyuestiong:

1. How many times does cach sum 2 through 12 appear in the list

of Lud sums?

2. Again we WisSh to Summarlize the results of the entire class.

o you must punch & card which contains your resulLs.
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The card should have the followinyg format:

In columns: Punch the numiber of sums
Lhat wera egual tos

1-2 2
4=5 3
T-0 1
10-11 3
13-14 b
16=17 7
L 8=20 d
2a=23 9
2a=2b 10
ah=24 11
31=-32 L2
Alwaye punch the rightmost digit in the rightmost column of
iks field.

What is the proportion of occurrence of each of tha alavean
valuas? This proportion is computed by dividing the numbar
of ocourrences of that value by the tolal number of timeo the

expariment was pecformed.

What is the true probability of the occurrence of each of the

eloven valuag?

Do your two cets of answers TO the preceding problems agroe?
How can you explain the discrepancices? How do vou think you
could change the experiment to make the answers to 3 closer

to the answer to 47

Extra things o EX¥:

15

Repeat the experiment for the sum of threo dite instead of

two and answer guestions 1, 3, and 4 for this set of results.
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2. Write Yyour program so that ik, instead of ¥You:. counts the

numbar of cccurrences of aach sSums

Compiter Exercise 3: Somg Hules of Probability

Burpega: The

purpose of this exercise is5 to i1llustrate thae

addition rule, the product rule, and conditional probabilicy.

Description:

Roepeat the experaiment you performed for Ccomputer

oxorcise 2 which simulates 100 pairs of dice tosses. We wish

to obsarve for cach pair of Losses whethar each of the

tollowing
N
Bi
C1
}:
E:
Fi
G3

R

Oytput: Same

Dyestiong:

1. ¢€ount: the

ByVants.

events ogours or not:

A 1 appears on the tirst die.

A 2 appoars on tha first die.

A 2 appears on the second dia.

The sum of the valums appearing on the dice ia 3.
A 1 appears on Lhe first die or a 2 appears on Lhe
second die (A or L.

A | appears on the first die or the sum totals J.
(A or Dis

A 1 appears on the first die and a 2 appears on
the second die (A and C).

A 1 appears on the [irst die and the sum totals 3
(& and D).

as lor compUter exercise 2.

number of occurrences of each of the eight listed
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2

3.

g -

Bxercise 3
Prepare a card which summarizes Your results as follows:

In columns: Punch Lthe number of
ocourrences of event:

1 i
§=5
-8

10-11
13=14
16=17
19=20
22=23

Cre= O E g

2

Calculate the proportion of occurrence of asach avent by
dividing the numbaer of occcurrences of the evaent by the total

number of times the experiment was performed.

What are the trua probabilities of the occurrence of events

AyByCr and D2

Which of the pairs of events (R.B), (A€}, (A;D]} are

independent? Which are mutually execlusiva?

What are the true probabilities of events E-H?

From your output, determine an estimate of the probability of
D given A. Compare this with your estimate of probabil ity of
both A and D occeurring divided by your estimate of the

probability of A: Does this relationship make sensa?

Extra things Lo Lry:

1.

Write your program so that it determines the number of times

ovent A occurs and prints it at the end of the expariment.
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e

Write Your program 50 that 1t determines the number of times

edch of the events occure and prints that infarmaticn.

Computer Exercjse 4: uJonditional Probabhility

Burpgse: The purpose of this exercise is Lo illustrate

conditional probabililky by means of 4 baseball problem and to
illustrate the simulation ot one physical experiment by

Another ones

Regcription: Carelu]l studies indicate that when a baseball 1w

prtched to 4 given batter, the probability that he will swing
at 1t is »/0. 1t has also been determined that 2/3 of the
times he swings, he hits the ball, and 2/3 of the times he
hits the ball: it is caught. Write a program which simulates
100 prtoches to this batter, determining whather he swings the
haty hits the ball, and whether the ball 18 caught for &ach
prtche Simulate this experiment by tossing three dice for

gach pitch of the pall.

Output: Your output should copsisgt of LUOU computer printed

lineg, one for sach pritch of the ball. On egach lina, threes
numbars are b2 ope prinkted. The first will be o3 one 1£f the
batter swings and a zero otherwise. The second will pe a one
if the batter mts the ball, and a zero otherwise. The third

will be a one 1f the ball was caught, a zeroc otharwise.
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Yugstiong:
l. Determine (a) how many times the batter swung at Lhe ball:

{b) how many times the batter hit the hall;: (c) how many

times the ball was caught.

4« Summarize Your results on a coputer card as follaws:
In columns: Punch your answer to
gquestion 1, part
1=-2
=6
7-4 ()

4+ Call the event A when tha batter swings, B whan ha hits tha
ball: and C that it is caught. What Proportion of the 100
times did event A oceur? Event B? Event C? What proaportion
of the times that event A oecurred did event B cccur also?
What proportion of the times B occurred did ¢ aleo Beeur?

What proportion of the times A occurred did € oeecur?

4. What are the probabilities of svents A,B,C? What are the
conditional probapilities of B given A, C given B, and C
given A? How do the true probabilities compare with the
PLOpPOrtions you cbtained? How could you modify the

experiment to make them agres more closely?

Extra things to try:

1. Write your program so that it instead of you counts the

occurrences of events A,BE,C. Can vou also have it determine
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the proportion of Limes B gccurs given that a poccursy? ¢

QaVaEn. B Cogiven A2

Lomeuter Exercise i faves” Formula

Purpose: The PUrpose of this oxercise i85 ko Lllustrato Bayves'

Formula by simulating a game using <¢oins and dice.

Lggeription: Simulate on the computer 100 plays of tho follewing
dame! The player £lips a fair coin. If 1t lands heads, he
flipa another fair ecoin and wing in dollars the number of
heads he has showing on the Lwe coins. If the first coin
lands tails, he tossas a die and wins the numbar showing on

Ehe die in dellars.

Qutput: Tha computar will print 100 lines. On ddach line should
pe printed 3 numbers: (1) A 0 for tails or a 1 for heads on
the first coiny (2) 0 for tails and 1 For heads on the second
eoan 1f the Lirst coin was a head or the number showing on
the die i1f the first coin was a tail; (3) the total number

3f dollars won.

QLJQE! LG

1. Examine your output and determine the Proportion of the
times a head was showing on the first coin out of the times

the player won one dollar.
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Determine the proportion of times a tail was showing on bhe

first coin ocut of the times the player won two dollars.

Punch a card with the answer to gquestion 1 ih columns 1-10

dnd the answer to guestion 2 in columns 11-20.

Datermine the expected dnswers to 1 and 2. i.68., uso Baye s
Formula to find the probability of 4 hoad on the first coin
given that the player won one dollar and the probability of a

tail on the [irst coin given that the playar won two dollars.

{a) What is the average winning in the 100 plays simulated by
the computer? (b) what 18 the oxpected avarage winning? (o)
Could I axpect to make money 1f T charged $3 Lo play the

gqame?

Extra thingg Lo Lrv:

1.

Write your program 80 that it computes the answers to 1, 2,

and S(al.
Computer Exercise 63 Permputations and Combinationg

gsa: The purpose of this exercise 15 to 1llustrate by
listings the i1dea of permutaticons and combinations of N

objects taken K at a times

Desoriptiaon? ¥You will he calling two subprograms in order to

perform tiis exercise. They are PER and O and are

described in Part 2 of thi= manual- The calls to these
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subprograms are the only necessary statements in the program.
You arec to print all possible permutations and combinations

of three letters chosen from among the first five letters of
the alphabet. Also, ¥You are to choose some set of names (no
more than G} and find all permutations and combinations of K

(any K £ N) objects selected from this set.
outpyt: All output will be done by PER and COM.
duastions:

l. Count the numbar of linaes printed by aach of these calls to a
subprogram and verify that this is the correct number by thea

formulas you know for P, and P..

2. What relationsghip do you note between the set of all

permutations and the set of all combinations?

Extra things fo fry:

1. Uging the computer and Your knowledge of probability compute
the probability of being dealt a8 royal flush in poker, i.@.;
the ace, king., queen, jack:, and ten of the same suit.

Computer b clse 7@ Computations of Humbers in Permutations

and Combinations

Purpose: The purpose of this exercise is to aid the student’s

understanding of the mechanics of computing permutations and
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combinations by writing & program to perform this

calculation.

Cripfion: Write a program which redgds N and K and computas
the number of permutations and combinations of ¥ things taken
B oat a time. The program should then proceed to read another
card, and continue the Procers until all the carde have heon

read-

QUtpUts Your output should consist of a line containing M, K,
the number of permutations and the numbar of combinationas for

@ach card read.
Quastiong:

l. Taking into account thea largest value which can bae
represented in the computer, what is the largest N for which

we can find NiIP

2. Find some values of N and K for which Your program will not
work and punch them on a data card- What results do You get?

Why?

Extra things to Lrw:

1. Try to write Your program so that it will work Eor all values
of N and K which yield permutations less thanm or equal to the

largest number which can he represented in the machinao.
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Lomputer Exercise 8: Computer Simylation-=-& Card Game

Eurpoge: The purpose of this exercise is to introduce the
student to the use of the computer to simulate sampling

experiments and to 1llustrate random sampling.

Descriptaion: Write a program to perform the following
expariment: Draw a card from a deck of six cards, J of which
are aces, 2 of which are twos and 1 of which 18 a thraa.
After a card 18 drawn we assume that it is returned to the
dack so Lhat it may bée chosen again for future draws.
Simulate LU0 draws [rom this et of cards. You may wish to

use aubprogram URH desgcreibed in Part 2 of thies manuals

QuUEpUE! Your program should print thoe total number of esach of

the three types of cards drawn Lrom Your program.

e st1ong:

l. Punch a card susmarizing Your results in the following

format?
Im columnst Punch the numbor
of cards drawn
Lhat wWers:
I=X ACes
=5 Ltwos
7-48 threes

Z« What 13 another physical problem that vour results could be

interpreted as simulating?
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Suppose in the gard drawing game described abave, Yol were ta
be paid two dollars every time you drew an ace, but if you
did not draw an ace, you had to pay as many dollars as the
tace value of the card- Would this be a worthwhile game for

You Lo play? Back up yvour answer with some Eigures.

Extra things to try:

1l

Write the above program so that it prints the rasults of @ach
individual draw. You may have it print "1" when an ace is

drdawn 1f that is convenient.

Computer Exercise 3: Computer simulation--4 Carnival Game

Eyrpose: The purpose of this exercdise i8 to introduce thoe

student to the use of the computer to simulate gampling

eXperimants and to 1llustrate random sampling.

Description: A carnival game consists of rolling a ball among a

series of 20 holes, one of which the ball will eventually
fall into. We assume that the ball is equally likely to fall
into each hole. Eight of the holes are marked "lose"
indicating that you are finished playihg the game if your
ball enters there. Eight of the holes are marcked “rep"
indicating that you may roll the ball again when your ball

lands in that held- The remaining four holes are labelled
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win® and indicate that you win the teddy bear. virite a
program to simulate the playing of this game for 100 turns.

(A turn may consist of more than one roll of the ball.)

Qutput: The output should consist of ane line for each rell of
the ball. On that line should be printed an integer. A zero
should be printed if the ball landed in a hole marked LOSE, a
] it in & hole marked BREP, and a 2 if in a hole marked WIN.
In order to make the output easier toc read, skip a line after

gach turn: i.e., agfter sach WIll or LOSE.

Questions:

l. Punch a card summarizing yvour results in the following

farmatt
In columns: Punch the number of:
Lurns that ended in:
1=2 LOSE
4=5 WIl

lilow do thess results agree with what you would expect?

2. Count thae Lotal number of times the ball was tossed in the

100 zurns simulated on ths computer. Alsg counkt the numher

of toesses resulbing in LOSE, REP, and WIN. How do those

threo values agree with what you would expect?
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l. Buppose the teddy pbears given as prizes are valued at. 25
each and you must pay 15 f£or cach turn. What is your

expected wihning (loss) when you play this gamea?

Lxtra things to try:

1. What would vou expect Lhe total number of tosses to be in 100

Eurns?

2+ Write Your program so that it prants "LOSEY, "REP"; or "WIN"

inatead of numerical codo.

3. Write Your program so Lhat it computes same or all af the

toetals requested in guestions 1 and 2.

Lompuler Exercise LU: Ereguengy Distribution--pice

Burpoge: This exercise i to give the student an opportunity to

conetruct a freguency distribution for a familiar gxpariment.

Descyiption: Write a program which tosscs a pair of dice one
hundred times and displays the results in a frequency

distribution.

Qutput: The output of your program should consist of one line
for each of the possible results, two through twalwve,
tontaining the sum and the number of Limes that suam pooyrred

inE00 £rials.
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duestiong:

l. What are the values you expect for each Irequency? Do Your

resulte agree ¢losely with these expectationg?

2 How would an increase in the number of toocses affect Lhe
ditterences between the expected and obeerved fraquency

disteibutions?

EXLra Lhandg Lo LKY:

l. HRewrite your program S0 that 1t constructs a relative

fragquancy daigstribution.

2. Rewrite your program se that i1t constructs a cumulativea
frequency distribution.
Computer Exercipe 1ll: [reguency Distribution--Live Data Sets

Purposat This @<fercise 18 Lo give the student practice in
constructing a freguency distraibution and to familiarize ham

with the use of live data sots.

Descriptiopn: Write a program which will read a card containing
three numbers, the first specifying the left end point of the
frequency distribution, the second the width of each
freguency class, and the third the number of frequency

classes. The program should then construct a freduency

distributicon for your live data set.
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gutput: The output of your programn should consist of one line
for egach freoguency class. This line should conktain the left
class boundary. the right class boundary., and the [reguancy

for that class.

Ruegtions:

l. Did you choose your left end poink, class size and number of
classes so that all data values are contained in your
[raquency distributions? Tf ¥ou did not, how would your

program handle such data?

2. Why would Your frequaency distribution give little information
1f you had too few or too many frequancy classes? Uo you
think the number you chose 1s good or should you have chosen

more or less?

Extra things to try:

1. Rewrite your program s that it constructs a relative

freguency daistribution.

2 Rawrite your program s0 that it constructs @ cumulative

freguency distribution.

Computer Exercise l2: Histoorams

Purpoge: The purpose of this exercise 15 to introduce the use of
the subprograms which allow the construction of histograms on

the computer.
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Degeripkign: Write o program which will construct a pair of

histograms of the live data sets assigned to You. Construct
pne histogram using the subprodgram HI5%1 which does not
require you to determine the freguaency classes, and another
using subprogram HIST which does require specification of the
frequency classes. HIST and HISTL are described in Part 2 of

this manudl -

Qutput: The output will be generated by Lhe SUbprograms.

Quggtions:

l-

boas the variaple which you are considerclhg appear La pe

symmotric, Bkewad to the leftt, or skawad to tha right?

Wwhat would be 4 verbal interpraetation al yaur anBwer Lo

question 17

From looking at your histegram, what would you estimate the

central or middle value of Your yvarliable to he?

Do you Sec any dangers in allowing the computer to choose the

intorvals? What are they?

Extrg things ko LIY:

i

consider the random variable which consists of the number of

hoads occurrind in 20 flips of an unfair coin whose

probability of landing with its head showing is 0.23. fHrite
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4 program to simulate the generation of bthais random variaole
and record your results for 100 sebkts of 20 [lipss:s [Jze HIST
to construct a histogram [rom Lhese [0U samples of the
random wvariable and answer guestions 1-3 for this variable.
Computer Exercise 13: pdean and Standard Deyiation
gf Grouped Rata

Purpogga: This exercise 18 to give the Student practice 1in

computing the mean and standard deviation from grouped data.

He i8 to compare thagse with Lhe same statistics computed from

an ungrouped sample.

Pegcrintlon: Write a program which constructs & [requency
distribution with 10 Freguancy classes from your live data
variable. From thig fregquency dioctribution, computo
gatimates of Lhe mean and standard deviation. Also compule
the true mean and standard deviation of the data for

COmpaArison purposcE.

Output: Your output should consist of a printout of the mean and

standard deviation computed both ways.

5 Or&s

i. Does there appear to be a significant difference between ths
two means which you have computed? What about the standard

deviations?

=
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4. wWnich of the two methods would you prefer, taking into
consideration the amount of computing and accuracy? What
would be a possible situation when You wWould prefer the othear

method?
Extrs thingg Lo Loyt

1. 1include in your oulput a printout of the frequency

distribution.

2. FRepeat the above with only 5 Lrequency classes. How doos

thig affect your rasults? Ts this what you would expecty

Computer Exercige l4: Testing a Bandom Numpey Generatox

Purposal! The purpose of this exXercise 16 to use the statistical
summary tools available to test the randomnoss of the local

random number generator.

Dascription: A uniform random number generator on the interval
(0,1) should generate numbers between 2ero and one with each
possible number in this interval having 4an equal chance of
heing chosen. In reality, computers cannot do this since
they cannot even réepresent all of those numbsrcs. But a
program; called a pseudo-random number genserator, 15
avallable on the computer to approximate a random number
generator. We wish to test the randomness of the numbers

genasra ted.
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We ghall generate one hundred numbers Dy means of the pseudo-
random number generator, compute their mean and standacd
deviation and construct a fregquency distripution with 10

equal claseess

gutpdt: Your output should consist of the mean, standard

deviation and the freguepncy distribution in any form You

wishs

Oueskblons:

1. What would you expact the maan and gtandard deviation to be?
Give some oxplanation for your expactations.

5. What would you expaect the freguancies to bet

3. How well do your results agrec with what Yyou expact? Do you
conclude that the pssudo-random numbsr generator 13 close to
randam? Give reasons [or your answar.

4. Summarize vour results by punching a card with the following

format:
In columns: Punch thes:
1-4 Hean
b=10 ctandard Deviatian
11=15;16=20,; 21=2%5;
26-30, 31-35, 36-40, The Freguengies

11-45 - 46-50, 51555,
56-60
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5. Make a histogram of the frequency distribution which you

obhtain-

Extra Lhipngs to Lryt

i. &also compute Lhe mean and standacd deviation Erom the groupad

data using the fregquency distribution yYou have generated.

2. 1o the above assignment for the sums of pairs of pseudo-
random numberss That is, generate 200 numbers and pair tham
ke form 100 sums. HNow answer guestions 1, 2, 3 and 5 for

your results-

Computer Exercise L15: Ihe Madian

Purpoga: The purpose of this exerclee 16 to reveal properties of
the median, the first and third guartiles and their

relationship to Lhe mean and standard deviation.

Doscription: Write a program which will find the median, first
and third quartiles, and the inter-guartile range for the

live data set assigned to you.

Output: Your output should consist of those four guantities

which you are asked to find above.
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1. How does the median compare with Lhe mean which You compulbed
in exercise 137 What is the connection between this

rolationship and the skewness of cthe distribution?

2. How does the interguartile range compate with the standard
deviation? Explain a possible reason ftor such a

rolationship.

3. Compare the mean, standard deviation measures to the median,
interguartile range measures as far as the amnount of work
involved in their computatlion and reliability. Whieh would

you prefer to compute?

EXtra Things Lo Lry:

1. Modify your program for exercise 13 to compute the median of

4 set of grouped data.

Computer Exercise 16: Percentiles

Furposa: The purpose of this exercise 15 to introduce the idea

of percentiles and get a feel for their meaning.

Uescription: Determine the 10th, 25th, 50th,; 75th, and 90th

percentiles for your live data Sat.
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Qytput: Your output should consist pf 5 lines, twWo numbers per
line. The first number should indicate the level of the
percentile, and the second number should be the percentile

value.
Questions:

1. Discuss some advantages of percentiles over the other
neasurements discusgsed in the Lexthook. What are sone of the

disadvantages?

2. How did you handle the situation Where x% of the number of

data points wag nobk an integer?
Extra thindg Lo LY

1. Write your program so that 1L prints all percentiles of your

data sal.

Copputer Exercise 17: Chebychay's Inequalitly

2] s AL The purpose of thig exorclee 15 LO proVide an

1llustration of Chebyshev's lpequality-

Degcription: The program should read all the values of the lave
data sot which was assigned to you and use Lhe values of the
mean and standard deviation of this data sek. It should read
a card containing a real value ¥ greater than cne and compute

the number of data values which lie within X standard

deviations of the mean. Thea prngram'shuuld also compute the
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lower bound on this number provided by Chebyshev's
inegquality. The program should then repeat by reading

another value of X, continuing until all cards are read.

Dutput: Each output line should consisk of Chree numbers: ¥
the number of data values within ¥ standaoard deviations of the
mean, and the lower bound computed ftrom Chebyshev s

ineEgialitys

duestiong:

l. Repeat the above for 5 different valuag of X Do Your

ragults agree with the preodiction of Chabyshev's inaguality?

2. Within at least how many standard deviations of the mean can

we ba ceartaln that 9L% of 8 cet of data values lie?

Lxtra thipgs fo fry:

1. Repeat the above oxporiment, using for your data valuss the
number of heads occurring in 20 Elips of a fair coin. Repeat
tha experiment of tlipping 20 going 100 times, recording the
number of heads each time; £ind the mean and standard
deviation of thais set of 100 walues and compute and print the

same Values asked for abowve.

Computer Exercise 18: Probabiality Digtrihutions

Purpgse: To examine some properties of propability distributions

through a given examplo.
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Description: Write a program which will perform the fallowing
experiment 100 times: Toss three dice and record the number
of dice which show a one. The sample space for the random
variabhle thus generated consists of the integers U, 1, &, and
4. Compute the sample mean and standard deviation of the

random variable for the sample generated.

Qutpyt: Thae program should print the frequancy distribution on
ésur lines, each line represonting the number of cnes showing
() to 3) and the number of kimes that event occurred. Alsc a
1ine ghould be printed indicating the samplo mean and

gtandard deviation-.

RUBREIONE:

1. Compute the theoratical frequency distribution of this randam

variabile and compare 1t with the sample you obtained.

3. Compute tho theoretical mean and standard deviation of this

vandom variable; compare with those obtained for the sample.
J. Summacize your results on a cacd punched with this format:

In columng: Punch the number of Limes
the number of ones was:

I

S
1
£ L5

= |
1 w
L Bt O

11



34 Exarcise 19

Extra things to try:

1. 5Suppose you were pald two dallars for every one appearing on
a dia. How much should you pay to roll three dice 1f 1t is

te be a fair game?

2+ Write a program to play the above game, Keoping a tally of
1te winnings over 100 tosses of three dice. What was its

average winning?

4+ Make a histogram for the fraquency distribution abtained in
this axXercise. In addition, make a histogram for the theo-

ratical distribution derived in guestion l. Compare tha two.
Computer Exercige 13: Ihe Binomigl Digtribution

Purposg: The purpose of this expariment 18 to 1llustrate some

properties of tho hinomial distribution by simulating a

Binomial exparimeants

Dascription: The probability that a student has a £1£fth hour
class on Wednesday i1e 0.2. The teacher wishes to give a
makeup test to seven students in-a class on fiftth hour next
Wednesday. Simulate the cholce of seven students one hundred
times and for sach choice of seven determine how many will

have a class conflict.

Qutput: Your output should consist of a frequency distribution
of ‘the number of occurrences of 0,1,2.::+:7 students with

conflicte:
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ﬂ i ang:

1. Summarige your results en a punched card with the following

format:
In column: Punch the number of
Limes thore wearo:d

L=g 0 conflickts
=1 1 conflice
T=-a 2 conflicts
10=11 3 conflicts
13=14 1 conflicta
Li=17 5 conflicts
19=20 6 conflicts
22=23 T conflicts

4. Compute Lhe axpected values for the B frequencies in the
fraguancy table. Do they agras well with the results You

obtainad?

3, Compute the mean number ol conflicis for your one hundred
ohgervations as well as tho standard deviation. How do these

values agree with what you would expaclt?

Extra thingg Lo EXLy:

1. Construct a histogram for the fraguency distribution obtained
above and for the freguency distribution of the expected

values. Compare the two.

Conputer Exgrcise 20: Ainomial Erobgability

gse: The purpose of this eXerclse is to familiarize the

student with the computation of binomial probability.
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Description: Write a program which will read walues for n, pi
and ®x and compute n. pE(1-p) "X,
i) .

The program should continue reading values of n, pr and =
until all data cards have bean reads. Obtain thesSe sane
values from the subprogram BINOM described in Part 2 of this

manual -

Output: Your output consists of one line for each card read.
This lina is to contain ny Py ¥y the binominl probability

computed and the binomial probability fraom DBINOM.

lEpEi ot

1. Uge the above program to solve the following proplem: If£ the
probability that a child of certain parents has blue eyes 15
1/4, and if there are six children in the family, what ia the

probabllity that at least half will have hlue eyes?

2. Calculate the probability that 0 will have blue eyes] that I

Will: that 2 wills

3. Use your program to calculate the probability that at least 4

heads occur when a fair coin is £lipped 10 times.

Extra thaindgs to Lry:

1. Write a program using subpragram URN to canduct the
experiment described in guestion 1 one hundred times.

Compare the results Wwith the Lheoretical resulls-
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Co er kExercise Z1: The Hormal Distribution

Byurpose: The purpoge of thig exercise i1s to illustrate
properties of the normal distribution and to show the student

how to abbain samples from the normal distraibution.

Pescription: Take a sample of size 101 from a population with a
normal distribution of mean V¥ and standard deviation Y using
HORML, which 18 described in Part 2 of this manual. The
valuese of u and ¢ should be read from a data card and you may
chosse any values you like for these parameters. Computa the
mean and standard deviaticn of this set of 100 sumple values
and use the SUPER subroutinae to obtain a histogram of this
data set with the normal curve with mean u and srandard

deviation ¢ superimpogsad.

Qutput: Your output is to consist of the mean and standard
deviation of your population, the mean and standard deviation
of your 100 sample values and the histogram with suparimposed

normal curve provided py SUPER.

gyastjong:

1. Are the population mean and standard deviation the same as
the sample mean and standard deviation? Explain why aor why

ot .
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2. Does the histogram appear to be similar in shape to the

nermal curve? 1s it symmetric? Does 1t have a single peak

value?

3. Using the histogram, try to estimateé how many of the 100
sample values lie within one sample standard deviation of Lhe
mean. I8 this a value you would expect from Chebyshov's
inequality? How does it relate to the valug you would expact

for the normal distribution?
Extra things to try:

l. Repeat the above exercisa taking a gample of size 200 instond
of 100. Do yvou expect these 2UU points to have a histogeam
that looks more normal than the results above? Do your

results verify vour expectationsg?

Computer Exercise 22: [The Standard Hormal Qastribution

Purpoge: The purpose of thig exercise is to show how the
gtandard noemal distributien ls obtained and illustrate some

of 1ts properties.

Description: Generate a sample of size 100 from a normal
population with mean p and standard deviation o using HORMI1.
The values of p and g should be read from data cards and Yau
may choose any valuo for p except 0 and any walue for
except 1. Compute the mean and standard deviation of thls

set of 100 sample values. Then for edch of Lhe 100 sample
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values x;r calculate and store yji=(xj=-ul/o, that 1s subtract
trom the sample value and davide the resdlt by 0 and store
this result in a new subscripled vwariable ¥. .Cumpute the
sample mean and standard devaiation of the ¥'s. Than use
SUPER to obtain a histogram of Che Y values with the normal

curve WwWith mean 9 and standard deviation 1 superimposed.

Dutput: Your output 15 to consist of the wvalues af y and o, the
gample mean and standard deviation of the x"s, the sample
mean and standard deviation of the y's, and the histogram

wilh Buperimposed normal curve provided by SUPER.
GueBElOnE:

1. Could you have predicted the mean and standard deviation of

the » valuas? Explains

. How could you have obtainaed a sample similar to the y cample

directly Erom MNORML?
Lxtrg fhinds Lo Lry:

1. Write a program which takes a sample of size 100 from a
normal distribution with mean 0 and standard deviation 1 and
converts that sample into a sample from a normal distributian
Wwith mean 1U and standard deviation 5. Print out the same

results grescriped above.
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computer Exercise £3¢ Hormal Approxamation to the Binomial

Purpose: The purpose of this exerciso i1s Lo illustrate how the

normal distribubtion can be used as an dpproximation to tho
binomial, when the appraximation is good, and how to use the

normal table subprogram FNRMT.

Eescription: Write a program which reads n and p and using BINOH
computes the binomial probapility Lthat x = k for k
Dylissens In addition computa the normal propability rthat
kK =1/2 <« xx k + 1/2 for the normal distribution with mean
np and varianca npll=-p), and the same values of K. Find the
normal probability by FUREML described Ln Part 2 of Lhis

manual .

Cutpyt: The output 18 to conslst of one ling contdining ny one
containing p, followed by n + 1 lines aach containing K, the
calculated binomial probability, and the calculated normil

propabllitvy.

Questions:

: [ TryY out Your program for a wvariety of values of n oand p. Do
the cases where np and n{l=p) arc both greater than % show
good accuracy? How is5 the accuracy When the above rule is

violated?

-,
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2+ Dopes Lhe accuracy of the approximation tend to wvary with k

for fixed n-and p? IL Bo, how?

3. o you notice that one propability is always larger than the

pther? Can you explain thia?
EXtra things Lo LI¥:

l. Write a program Which ia tle same as the one described above
out which computes the probapility that ¥ £ k instead of x =

k. Answer questions 1-3 for this program.

2., Ues SUPER Lo superimpose the approXimating normal curve over

the histogram for the binomial you used above.

Computer Bxercise 24: Hormal Approxamation Lo Lthe Binominal=
Histograms

Purpagse: The purpose of this exercise 18 to use histograms to
t11lustrate how the binomial distribution can be approximated

by the normal distribution.

Desce jon: Conduct the experiment of flipping 10 fair coins
LOO times, ocach time recording the number of heoads coccurrings
[4ake a histogram of these values and superimpose over it the
curve for the normal dastrabution with mean 5 and standard

deviation SORT{2-5).

output: ¥our outpub wi1ll be provided by the subroutine SUPER-
In addition, prant the freguency distribution for the number

af heads in 10 flips of the coin.
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Ouestions:

1. How does the frequency distribution obtained compare to the

expected valuesg for such a frequency distribution?

<+ Would you expeéct the normal approximation to he botter if the

colns were not fair? Explain.

J. Would you expect the normal approximation to be better {f Yol

were measuring the number of heads an 20 £lipe? Explain.

EXEEd things fo Lrv:

l. Try modifications suggested by guestions 2 and 3 in your

program. Do they yield thae axpacted results?

Computer Exercisa 25: Randowm Humber denerator

Burpoga: The purpose of this experiment is to allow the studant
to galn experience in the uge of the random number generator

and to learn some wavys At 18 applied.

Pescription: Use the random number generator RAN to generate and
print 100 random numbers. Use HISTI to construct a histogram
with 10 fregquency classos. Then convert these 100 random

numbers into 100 random integers hetween 0 and 99 ipnclusive.

oJutput: Y¥our output should consist of the 100 random pumbers,
Lhe histogram provided by HISTI and the 100 random integers.
It might make it easier for you to answer guestion 2 if you

print the 100 integers in increasing order.
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1. What dees Lhe histogram tell you about the randomness of the

numbers you generated? Ts it close to what you expected?

2. Do any of the randam integers ocgur more than once in the
1igt of 1007 Which one occcurs most often and how often does

1t occur? Does thls surprise you?

j. Suppose you wished to generate random integers between 1 and
100 instead of 0 and 9%. How would you modify your prodram

L do thig?

4. Suppose you wishad to generate randonm integers batWaan 10 and

20 imnclusives How wWould you modify your program to do this?

Extra things Lo Loyt

1. wvrite @ program whiclh reads from a card two integer values Kl

and ®2, and generates 100 random integers between X1 and K2

inelusive.
Computer Exercise 26: Random Sampling Erom a FrobaRllity

Digitribution

Purppse: This exercise 15 to give the student experience in

obltaining a random sample on the computer.

Deseripbion: It L5 known that at Hope Cellege 29.6% af the
students are freshmsn, £4.1% are sophomores, 22.6% are

juniors, and 19.7% are seniors. Suppose We arsa conducting a
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survey which 18 %o be a random sample from the entire student
body and we want to be certain that each class is samplod by
cach interviewer as frequently as is indicated by its

percentage.

In order to do this we select 4 freshman with
probability 0-296, a sophomore with probability 0D.281, etc.
If aach interviewer 18 to interview 10 students, write a
program which will determine, for ecach interviewar, how many
of hie 10 interviews should come from cach of tha [our
clasges. Use the subprogram RAN described in Part 2 of this

manual to make sure the choice i1s random.

Agsign tha values 1=4 to freshmen through senior
respectively and compute the numerical mean for each sampla
of si1ze 10. Repeat this five times; that 18, generate five

sete of samples of size 10 and calculate the mean.

Qutput: The output sBhould consist of a list of the classes of

the ten students chosen (You may prant 1 for freshman, 2 for

sophomore, stc-) and the mean of the ten valuss.

Questiong:

1.

What is the theoretical mean of thﬂ above distribution? Do

the calculated means agree closs|y?

ey
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2« Punch a card summarlzing Your results using the format:

In columnse: Punch Lhe mean
Eor sample number:

1-14 1
11l=20 7
21=31 3
31-40 q
11-54 4

3. What ie the median class of Hope students? What ig the

modal classd

Computer Exercise 27: Random fampling from Data Sets

Purpeag: The purpooe of this exercise 16 to i1llustrate hoW a
random number gaenerator can ba used to take a random sample

from a population data sat.

Deggeription: Uee the random number generator RAN to clhtain A

random sample of size 50 from your live data set. You can do
this by genorating a random integer between 1 and W, where N

16 the number of values in your data population.

gutput: Your output should consist of fifty linos, each
containing the data value chosen and 1ts position within the

data Set.

Oyuegtlons:

i. were any values chosen more than once in the Eifty choices?
Does this make your randem sample invalid? How might You

correct this?
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2. 'What i1s the probability of choosing the same valus more Lhan
ance When choosing a random sample of size 50 from your data

set? You may wish to use the computer to computc this.

Extra things fo try:

l. Rewrite your program so that it cannot choosa the same sample

value more than eonce in the sample.

Computer Exgrolge 28: Sampling Uistribution of the Mean

2urpose: The purpose of this exercise ls kg Lllustrate the
Cantral Limit Theorem by means of repeated random samplaing

from a live data sat.

pascription: Write a program wWhich reads from a card a value of
n, selects 100 random samples of size n from the live data
set assigned to You using RAN, and computeés and stores the
mean of each sample of size n. The program is then to
computa the mean and the standard deviation of 100 sample
means. Use for input values of n, the values 1, 4, 10, and

23,

Outpyt: Your output should consist of the value of n, the mean
af the 100 sample means., the standard deviation of the 100

sample means: and a histogram of the sample meanss
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1.

Dees the distribution from Which You are sampling appear to

he approximately normal? Give reasons for Your anewer.

The Central Limit Theorem says that we can expect the
distribution of the sample mean €O become normal a4as n
increases. Do you nolice this happening with your datars
Explain why you would expect the mean of the sample means of
samples of size 25 tO be nearer the true mean of the
population than tho mean of the sample means of samples of

gi1za 10.

What would you expect the gtandard deviation of the sample
means to approach as n gets large? Do your results verify

your axpectationsy? Explain.

Extra thinag Lo LIL¥:

1. Repeat the experiment above, only obtain your samples from a
population which 18 normal with mean 50 and variance 100.
Use subprogram NORML to obtain your randon samples. Compare
and contrast your results Wwith those ohtained abpove.
Computer Exercige 29: Unbiased Estimates
pyrpoge: The purpose of this oxercise is to intuitively motivate

the use of the unbiased estimate af the variance by
oxperimentation and to emphasize the distinction betwsen

cample statistics and population paramaters.
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Description: Obtain 100 random samples of size 5 from a popula-

tion which is normal with mean 50 and wariance 100 using
WORM]1 described in Part 2 of thisg manual. For sach sample of
Bige Sy, compudte the biased estimate of Tthe Varidance by

a{‘g:E{xi—i}z i
the unbiased estimate of the variance

atug(xg=x)2/(n=1),

and twe corregponding estimates of the standard deviation
given by Pég_and ‘éﬁ; After all samples have been

genaerataed, compute the mean of the 100 valuas of si .nﬁ .Iﬁi

and Fggi

output: Your output should consist of the four computaed valuas

for each of the 100 samples of size 5 and a final line

containing the 4 means of the previously printed values.

Queastiong:

Which of the two estimates of Lhe varlance come clossst to
Ehe actual wariance of 1007 Summarize your results on a card

punched with the following format:

In columns: Punch the means
of the valuss:
2
1=-110 Eb
11-20 55
2130 FSE_
31-40 sﬁ

—
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Meither of the two estimates used above [or the standard
deviation 15 unpiased. I= this noticeable from your sample

data? Explain.

Do you think the diffarence between these estimatas could pe

eliminated if morae than 100 sampleas were taken?’

Extra Lhings Lo LI¥:

l.

A montioned above, neithoer sf the two estimates of the

standard deviation 18 unbiased. The unbinsed estimate is

given by
n=1 =1 2 n
- [ [9vZ VE/T13
whera ig a4 special function known a6 the gamma function.

The ganma function can be evaluated by the subprogram GMMA as
descripad in Part 2 of this manual. Add thims statistic Lo

the praintout above and note whether thig 18 nearer te 10 than

the other two estimates.

Run Lhe above program tor samples of size 10 rather than 5.
poes rthe difforence bpatween hiasaed and unbiased estimators

diminish as n becomes larger? Why?

Ca aer Exercise 30: A 5 jSt Subroytine

—

purpose: The purpose of this exorcise is to write a deneral

purpose statistical syhroutine to calculate & number of

descriptive statistics, thus giving the student experience 1in
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the writing of subroutines and also allowing him Lo have a
pseful subroutine available for lLater use.

Descriptign: Write a subroutine subprogram which accepts as

input arguments a subscripted variable A and an integer N
which specifies the number of sample values. The subroutine
is to compute the mean and standard deviation ot the set of

data valuegs and return them as outpuf arduments.

Oubkput: Your output should be suificient to chack whaether the

subroutine ig performing properly or not.

Guestions:

State what advantagos you feel using & subroutine lika tha
one written above gives to someone who wishes to compute the

maan and standard deviation.

What disadvantages can you think of to using such a

subroutine?

If someone Wishes to Uge this subroutine, he must have
instruction in its use. Write a description of your
supprogram which is complete enough that anyone knowing as
much FORTRAN as vou would be able to use it atter reading

your instructions.
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Extra things Lo LI¥®

1. 1Include in your subroultine the caloulation of the median and
midrange of tho data set and have these values returned as

output argumenta.

7. Include in your subroutine the capability of printing a

histogram of the data set with ten fregquency classos.

computer Exercise Al: Generate dtatistacal Takbles

purpoge: The purpose of this pxarcise 18 to provide the student
wikh experionce in degigning colputer output and an

underatanding of statistical taples.

pegcrpiption: Wrikte a program which will prepare a normal table
af the same fForm as tha normal table in your texthook. You

may uge tha subprogram FNRMI to obtain the values.

oytput: Your output should ba a page exactly like the page in
your textbhook. You may omit any vertical and horizontal

lines 1n Your autput.

Quggstiongs

1. Do all of your values agree with those in the textbhook
tables? wWhich table do you think is correct? what do ¥you

think eauses this difference? How could you do about making

them agree?
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Extra things to try:

l. Write a program to reproduce a table of binomial

probabilities whose first féw lines are:

&
neaeiDetha. Bail 0.2 Qa3 Oed 0.5 0.6 Qa7 U.B -4 0. 85

2 0 0.902 0.810 0-640 0-4%0 0,360 0.250 0.160 0.090 0.040 ©0.010 D.00d
1 0.0085 0.180 0.320 0.420 0.480 0.500 0.440 0.420 0.320 0.180 D.093
2 0-0

02 0-010 0.040 0.090 0.160 0.250 0-360 0-490 0.640 0.810 0.302

w » o ow ow E @ L R O
- B R Cw

g m m w & W w w = @&

L L] L L

Do for all nup to o= 3.

Computer Exercige J2: An Alphabetical Freoguepncy Disteibution

Purpoge: The purpose of thig exercige is to give the student
axperience in character manipulation and non-numeric

frequency distributions.

e
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nesc Ligng! ¥Oour program 15 Lo read a count card on which an
integer W is punched specifyind the number of text cards that
follows. It then reads W cards, each of which contaains a
paortion of a written text. Your program is to print a copy
of the text and make a frequency distribution which lists the

numbar of occurrences of gach lektor in the teXts

Outputd: Your output should consist of the text and a relative
fraquency distribution of the latters printed in any form you

find convenient.

guestions

1. Do you think your relative frequency distribution 18 near to
the trus relative frequency distribution for all English

texts? wWhat factors intluonce this?

Extra things Lo LEy!

1. Repeat the above, but add to the set of characters the digits
and special characters available on the keypunch and printer.
Then apply the program to a FURTRAN program you' ve previously

Written.

Computer Exercige 33: Printing 3 Data et

Purpose: The purpose of this owercise is to give the student

practice in designing printouts.
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Upscription: Write a program to print your data set with all
values properly labellaed. Place a heading on Your listing
describing the nature of the values. Add anything else to

the printout that will make it easier Lo road.

Dutput: Your output will consist of a listing of yYour data
values along with such descriptive matorial that you feel 1s
necesgsary so that anyone reading the output will Know what 1t

18.

Computer Exercise 34: <Confidence Intervalg

Purpose: The purposa of this exerclse 15 to tllustra e

confidence intervals.

Dagcription: Write a program which selects 50 samples of size 10
from a normal population with mean 50 and variance 100. For
gaclh sample construct a 95% confidence interval by finding
its end points assuming that o = 10 is known. Use subprogram
CONIN described in Part 2 of this manual te print an
illustration of the 50 confidence intervals You have
canstructed. Repeat the above experiment for the same 50
samples of size 10 only for each sample use the value of s
computed for that sample as an estimate of g in computing the
ronfidence interval, that is; assume ¢ 15 unknown. Ussa CONIN

to illustrate these 50 interwvals.

Output: All output will be provided by COHIHN.
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count the numper of intervals that contain the mean for each
of the two sets of 50 confidence intervals and punch your
rasults on a card with the following format:
In columns: punch the numper of intervals

containing the mean for:

2 R riawn
=5 unknow

e et

vhat 18 Lhe axpected numher of intervals containing the mean?

How would you go about making Your 5% confidence intarvals

narrower?

What would be the eflect on the si1ie of the intarvals if you

uaed a 90% confidence limit rather than 235%7

Do you coom to make any serious arrors by using s in place

of o7 Explalns

Bxtrg things to Lky:

Ls

e

Repeat the above experiment for samples of size 20. Is the

result what you cxpected?

Repeat the above experiment using a 0% confidence limit.
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Computer Exercise 35: Student’s t Dastribution

Purpgse: The purpose of this exercise 15 to illustrate the
advantage of using Student’s t distribution for small sample

tegts.

Degcription: Write a program simalar to the one written [ar
exercise 34 which selects 50 samples of size n from &
population which is normal with mean 50 and variance 100. T
should construct the 95% confidence intervals for thase
samples replacing by & ag done in exarclse 34. Using the
same camples, construct 95% confidence inkervals ueing thi

small sBample test with n = 1 degrees of freedom.

Qutpyt: Output will consist of two sets of 50 confidence
intervals, all provided by subprogram CONIN. Lapbel your two

sats of intervals by hand.

Questlons:

1. Run the above experiment fer n = 5%, 10, 20, 30. Count the

number of intervals containing the mean in each case.

H
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Summarize your results on a card punched with the folleowing

foomats

Iin colunns!

1=2 large
=1 large
T=H large
10=L1 large
13-14 gmall
LG=17 small
18=20 small
22=213 ginall

sample
sample
pample
gample
sample
gample
cample
sample

7. Which of the two technigues appea

confidence intervals? Explain your answWwer.

would expect? What is the reason?

3. what L& the etfact of incre

large sample test?

Extra things Lo Lrv:

punch the number of intervals
containing the mean for thet:

test
Lest
teal
Lost
tast
tastk
taegkt
tast

with n

3
1d
20
3aQ

5
Lo
20
30

asing n on the validity of t he

1. Opsgerve the elfect of using a non=-normal population by

re to give the more aoocurate

I8 that what you

conducting the ahove experiment for n = 5 with your live data

sot. How many of the confidence intervals centain the mean?
copputer Exercigo 36! [Determination of Sample Size

oyrpoge: The purpose of this exercise 15 to give the student

experience in determining the cample size needed to construct

a contidence interval of prescribed length.
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Description: Write a4 program which samples from a given

distribution with unknown mean and standard deviation until
tha 95% confidence interval has a length which i1s less than
some prescribed tolerance. Your program should read a value
af T, the tolerance, and then continhue sampling from Your
data set, constructing a 95% confidence interval after each
tndividual value is added to the sample- When the confidence
interval is found to be of length less than T, that will be

the confidence interval which you usa.

Output: Yeur output should consist of T, the sample si1za N for

which this tolerance was reached, the sample mean and
astandard deviation for your sample of size N, and the

endpoints of the confidence interval, all properly labelled.

Questlong:

Is the true poplulation mean in the determined confidence

interval?

How would your program be different 1f © were known? Would

it be simpler?

1f you completely recompute % and s after each value is added
to the sample; see if you can”t find some way of saving

computer eftort heras.

How would a larger population standard deviation affect the

sample size N needed? Is this gertain or just probably trua?
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%, How would a larger value of T affect the sample s1Ze N

needed? 1Is this certain, or just probably true?

6. Did you decide Lo use the normal or t values Lo oblain the

confidence intervals? Explain why.

Extra fthingg Lo LIy:

l. Write a program which uges tha suggestions You made 1n your
answar to guestion 2 and determine the gample size necessarcy

to obtain a confidence interval of length less than T for

your data set using the known population standard deviation.

Computer Exepcase 47! Eatimatien of s Rroportion

Purposg: The purpose of this exercise 18 te give tha student

experience in estimating & proportion.

poscription: Use the subroutine DRAW described in Part 2 of this
manual te “deal” 50 poker hands from an ordinary bridge deck.
L poker hand consists of five cards and the proygram 1is to
shuffle the deck, deal 10 hands, shuffle the deck again, deal
10 hands, and sp on, uptil 50 hands have been dealt. The
program 15 to count the number of hands out of the 50 whieh
contain at least one pair, that 185, two cards of the same
rank such as two queens. Then a 95% confidence interval is
+o be constructed for the proportion of all poker hands that

cantain at least one pair.
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oytput: Your output should consist of the number ot hands
containing a pair, and the endpoints of your confidence
interval. You may wish to check your program by also

printing the contents of sach of Lhe fifty hands.

Luestiong:

l. Use your knowledge of probability to compute the actual
proportion of hands containing at least a pair. You may use

the computer te do this 1f you wish.

Z. Assuming Your estimate of the proporticn Ls correct how many
hands would you need to deal to be 9%% confident thalb Lhe

true proportion lies in an interval of length less than 0.057

3. Assuming no knowledge about the true proportion, What is Lhe
smallest number of hands yvou would need to be 9%% confident
that the true proportion lies in an interval of length less

than 0.0572

Extra thipds to try:

1- Write a program which reads a sentence and estimates the
proportieon of letters that are vowels. Compute a 55%

ponfidence interval.

Computer Exergige 38: Testing of [vpotheses

Purpose: The purpose of this exercise 15 to introduce the
student to testing a hypothesis about a sample mean and to

illustrate t¥pe I and ty¥pe II arrors.
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Boscription: Write a function subprogram which has the following

arguments:

Ko The hypothesized value of U -
KMy The actual walue of H-

GIG The actual value of 0.

M The sample Size-

The subprogram then generates 100 samples of size H from a
normal population with mean WMU and standard deviation S5IG-
For @ach sample, a 95% confidence interval 1is constructed
ascuming o known and a test i1s madae as ko whether XMUO is in
the confidence interval or not, i.e., whether u = AMUD Lis
gecepted or rejected. A count ig made of how many times the
hypothesis 18 accepted. This is the value to be returned for
the function. Write a4 calling program which calls with the

following values for its parameters.

AHMUO  XMU 516G )

a0 20 5 10
20 22 5 10
20 25 5 10
20 0 5 10

Oytput: Your output should consist of XMUOD, XMU, 531G, N, and the

value of the function for each call of the functien. All

answers should be labelled.

Questlong:

1.

Relate the results of each gall to the subprogram to either

type I or t¥pe I1 @rrors. specify which.
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Punch a card summarizing your rosults with the following

format:
In columns: Punch the number of "accepts"
when XMl 1g:
1=2 A0
4-5 2d
7=-8 25
10=11 41

What would be the effect on your answers if SIG ware 10
inetead of 57 What 1f N ware 20 ingtead of 10?7 What 1f wa

used a 99% confidence interval instead of Y9539

Compute the theoretical probability of making an error in
each of the four performed tests of hypothesis. Indicate for
aach whaether it i8 o type I or type Il error. Compare these

with Your results.

The above program tests the hypothesis | = 20 against Lhe
two-gided alternative M # 20. How would your answers he
changed if a one-sided alternative H > 20 ware ueed? What

1f M < 20 were the alternative?

Extra things to frvy:

T

Add encugh generality to your program so that you can try

L,

some of the thinds suggested in guestions 3 and 5 above.
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Computer Exercisse 39%: Testing Hv¥potheses for Live Data

Purpogse: The purposc of this exercise is to give the student an

apportunity to apply what he has learned about hypothesis

testing o the live data sets.

Des¢ription: It is well known that the scores on the SAT are

scaled so that the mean score over the entire population
tested 18 500 while the standord deviation is 100. The
oxercise 18 Lo choose one of the two SAT exams (math or
verbal) or thair sum, and test the hyvpothasis that the mean
for the population sampled equals the mean for all students
tested. You choose whichever scores you wish to tast, you
sample whatever and however you think i1s applicable and you
may choose tho type of test you think is applicable. You may

wish to perform several tasLs.

Qutput: Praint for each test you perform, the lavel of

cignificance, one or two sided, the sample size, the sample

mean and wWhethor you accept or reject W = 500.

Questions:

Discuss the results of your tests and tell what decision you
have reached on the original hypothesis. Discuss your

reasons for performing the tests you did.

pid vol assume that O = 100 or that ¢ is unknown? Explain

Why s
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Extra things ko frv:

1. Pexrform the above dnalysis on the standard deviation of the
samples to test whether the population sampled has SAT scores

With standard deviation 10U. What aro Your conclusions?

Lomputer Exercise 40: Testing the Uifference of Two Means

Burposg: The purpose of this exercise 18 to illustrate the tast
for the difference of two means by an application to SAT

SCOores.

Regoriprtion: Write a program to tast the hypothesis that the
mean of BAT math scores is egual to the maean of SAT varbal
mCores against the alternative that they are not eyual.
Sample from the population described in computer exercise 39.
Parform the test on samples of size N for each scora. The
program 18 to read a value of the level of significance, = ,
and a value of N and perform Lhe test. You may assume the

population standard deviation is 100.

Qutput: Your output should consist of the values of ¢, N, El, EE
and an indication of whether the null hypothesis was acceptod

ar rejected.

1. Run your program for = = 0.05, N 1a, 20; 30

100« Is this reasanahle?

2. Comment on the assumption that
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3. How would You change Your program LE you were to test against

a one-sided alternative?
Extra things to try:

i+ EBewrite your program for the above eXercise assumaing o

unknown and comment on your results.

Computer Exercise 41¢' TIestipg 4 Eroportion

Burposs! The purposs of £this expariment 18 to give the student a
better undercstanding of the technique involved in testing

hypotheses about proportions.

Rasgription: The Encyclopedia Britannica states that 0.130 of

the letters usad in the English language are @' 8. Write a
program which Will test this hypothesis on a sample. The
program 18 to cause the computer to read a text of any length
from a set of data carda. Any time five consecutive blanks
Are encountered in the text, the program is to consider the
text terminated and should proceed to test the hypothesis
that the true proportion of letters that are e's is 0.130
against the alternative that it is not at the 0.05
significance level using the normal approximation to thae

Dinomials
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Qutput: The output of your program should consist of an BxacT
copy Of the text under examination, the proportion of lotters
in the text which were eo’s and whether the hypothesis was

accepted ar roejecled.

Puestions:

l. Could you have tested the hypothesis Using the binomial
distribution properties alone? Explain how you would go

abouk that.

2. Does your program work for any size text? If not, what is
the largest taxt for which 1t will work? Can you modify your

pragram &0 that i1t works for larger texts?

Extra fhings fo Lrv:

1. Write a program to test the same hypothesis but use anly the

properties of the binomial distribution.

Lomputer Exercise A2: Scatfergrams

Purposa: The purpose of this exercise 15 to illustrate the

raelation between a pair of variables hy a4 scattergram.

Description: Use the computer and subprogram SCAT described in
Part 2 of this manual to consSktruct a scattergram of the pair
of variahles which was assigned to yvou from the live data.

Choose a sample of 50 pairs from the population.
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Output: The output will be handled by SCAT.

tuestions:

Dogs 1t appear tThat there 1s any relationship between the
variables? Can yYoud explain this from what You know about the

spurce of thae variables?

From the scattergram, would you say the variables are
corrolated positively or negatively? Sketch a straight line
which you fee]l cones the c¢losest to fitting the points on the

sCcattergrams

Obsarva the value of r printed at the bettom of your

seattergram. Doeg that value seem reasonabla?

Extra things to fry:

1.

Add to your program the computation of the linear correlation
coafficient for the entire population from which your sample
was chaosen. IS the value obtained from the sample a good

appraimabion to this valus?

Computer Exercise 43: Correla

Pyrppse: The purpose of this exercise is to allow the students

Lo examine scattergrams of various distraibutions so that they
might have some Eeel for the meaning of a correlation

coefficient.
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Rescription: Use the subroutine CORRE described in Part 2 of

this manual to choose sample pairs from a hivariate
population with given population correlation coefficient.

The program should read values of MN:; the size of sample to he
chosen and RO, the population correlation coefficient. It
should then use subroutine SCAT to choose sample pairs and

prant their eBcattergram.

Qutput: All output isg provided by subroutine SCAT.

LUestlonE:®

Run your program Efor M = 50 and RO = =0.9, =0.5, 0.0, 0.5,
and D«%. You may alsoc wish to choose some olher valuas of H

and RO and seée how the scattergram looks.

£« HNote the valua of R printad at tha bottom_of the
ecattorgrame. Why is this valuo not the same‘as RO? llow aro
R and RO defined?

3. Use the tables in the back of your text to test thes
hypothesis that RO = 0 in each case against the two-sided
alternative at the 0:05 significance level.

Computer ExXerclse 44:; Regression and Stapdard Error of Estimate

Purpose: 'The purpose of this oxercise 18 to 1llustrate with live

data the regression line and standard error of estimate.
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Description: For the same data that You used for exercise 42,
use the subprogram SCAT to construct a scattergram and ite

regression linge together wilkh ibks 93a3% prediction bands
Outpyt: The outpuk will be handled by SCAT.
Questions:

1. 1Is the value of r which ¥You obtain significant at the 0.05

laval? What doos it mean for it te be significant?

2. What would be the effect on the prediction band i1f we
increased the sample size? What if we use a significance

level of 0.01 instead of 0.0L7

3. Count the number of points that lie ocutside the prediction

hand. How many Would you expect to lie outside?
Computer Exercise 43¢ Testing the Central Limit Thaorem

Furpose! The purpose of this exercise 15 to test the Central

Limit Theorem by means of the chi-sguare test.

Degcription: Write a program which chooses M samples of size N
From your live data set and computes the mean for each

gample. 1t is to construct a frequency distribution for the
sample means with six froquency classes. The class

boundaries are to be P-30/8, W=-0/¥, w-l/2*c//M, u,
wel S22 0T, WO/ YH, and w304 where u and O are the mean

and standard deviation of the population. The prodgram tests
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whelther the results agree with a theoretical normal
distribution with mean U and standard deviatiocn o/v¥N by means

of chi-square.

gutput: The output should consist of M:; N, Lhe Chi-sgquare value
and the probability that a chi=gquare valus exceads the
obtained value by chance- This probability can be obtained
by means of subprogram FCHSQ described in Part & of this
manual. Also print the frequency distribution. TLabel all

of your answWwars.

Quastiong:

1. Run yeur program for tha following combinations ol values:

W = ].r M o= 30
B = 1; M = ui

H o= h; M ia

n

H=5rh‘!"‘5ﬂ
H = 30, M = 30

N =50, M =30

5. In @ach case, decide if ¥ou would be able Lo reject normality

at the 0.05 leyel.

3. What is the effect of increasing N on your Lkest? Explain.

4. What is the effect of increasing M? LExplain-
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5. wWhat 18 the connection betwaen this exercise and the Central

Limit Theorem?

Extra things to Lry:

1. Do the above experiment with samples chosen from a normal
population with mean 20 and standard deviation 5, testing the
distribution of means against a normal digtribution with mean

40, atandard deviation 5//N.

Computer Exercise 46¢ Testing 4 Random Humkber Genecdtol

Purpegge: The purpese of thic exercaise 18 to tegt the randomneass
of & random number generator by a4 chi-square goodnass of fit

tegl.

Degoriptigns: Write 4 program which will read 4 value of H and
take a sample of size N from numbers randomly selacted
petween 0 and 1 by the randem number generator. A freguaency
distripution Wwith 10 equal classes 18 then to be constructed
from these M sample values and a chi-square test 15 to be
performed to determine 1f a number is equally likely to occur
in any of the frequency classes. Test this hypothesis at

the p= 0.05 level.

output: Your output should consist of your value of N, the

frequency distribution, the ghi=-sguare value obtained, its
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propability determined by FCHSQ described in Part 2 of this
manual:; and whether the null hypothesis was accepted or

rejected.

Ouestionst

1. For what valueg of N i8 this test not valid? Why?

2. What is the etfect on your test of incdreasing N?

3. What is the effect of increasing the number of frequency

clageaa?

4. Compare your results with those obtained from computer

axercise 25. What are you able to do bektar now?

Extra thingg Lo fxry:

l. Write a program which tests the subroutine NHORM1 which

generates a random sample frem the normal distribution.

Computer Exercige 471: Contingency Tables

Purpose: The purpose of this exercise ig to illustrate the use

of contingency tables to test the relation of two variaobles.

Deggription: Construct a contingency table from the TwWo
variables assigned to you [rom the live data set. Compute

the chi-square value from the table and find its probability.
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gupput: Your cutput should consist of a labelled printout of the
contingency table, the chi-sgquare value computed, and LLs

probability determined by FCHS G-

1. Chosasa a cample of appropriate size and run the above
program. L5 there a relation between the two variables at

the 0.05 significance level? Interpret YOour danswer.

2. The correlatiocn coefficiant also tests the relation betwean

two variahles. Could it be ugad in this situation?

Computor Lxercise 48: Lesting a dadian

purposa:  The purpose of this axarcise is to illustrate how to

apply the sign test to test the maedian of a live data sat.

Descripbion: 1n @xXerclse 39 you tested the hypothesis that the
nean SAT score is 500. Fer this exercise use the sign test
to test the hypothesis that the median of the Scores 18 500.
choose the same axam (or the sum of the two) which You chose
far exerciso 39 and once again you sample whatever and

howaever vyou feel appropriate.

Qugput: Print, for each test ¥you perform, the level of
significance, one- or two-sided test, the sample size and
wholher or not you accept the hypothesis that the median 1=

a0
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Questlons:

1. Discuss the results of your tests and tell what decision Yol

have reached on the original hypothesis.

2=  How do ¥our results compare with Your results ftor esxerccise

497 Can you explain this?

J. Compare the test used in exerclse 3% with the ones used above
as far as computational complexity, eftficiency, and

uesfulness of results.
Extra things Lo Lry:

l. Uga a chi-squarae test to ktest the hypothesis that the scores
above arg normally distributed. How 18 this pertinent to our

choice of teste?

Computer Exercise 49: Testing the Piffercnce of Two Medians

Purpose: The purpoge of this exXercise 18 to 1llustrate the use
af the rank-sum teest for tosting the difference nf two

madians

Description: Write a program which applies the rank-sum test to
test the hypothesis that the median score on the S5AT verbal

iz egqual to the median score on the SAT math. Write Your
program in such a way that i1t will obtain independent random

samples of scores on the two examinations and test the
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hypothesi1s at any dosired level pf significance. Yol may

test in any way you feel appropridto.

gutput: Print: tor gach test you perform, the level of
significance, one-or two-sided test, the sample sizes and

whether the hvpothesis was accepted or rejected.

guoptions:

T3

1. Discuss the resulte of Your tests and tell what decisien you

have reached on the original hypothesis.

2. How does thie tedl compare with testing the difference of

bwo means? What assumptions nust one make in order to apply

the latter tesk?

1, How would you attempt to verify that testing the difference

of two means would be valid for this problem?

Extra things tg LIy:

i. Write a program which implements the suggestions in your

answer to guestion 3.



Fil-S Description of Subprograms

Subprograms

intreduction

on the following pages You will find dascripticns of how Lo
use some subprograms which are helptul in doing the computer
exaercises. Each description begins with a general form of the
call of the subprogram. Immediately following thae genaeral [orm,
all parts of that form which ara variable are identified and
qualified. They will be gqualified as to type (integer or reall,
as subscripted, If applicable., and as variable or expression. TIf
A portion of the call i1s identified as a4 real expression, for
example, it may then be replaced in the call by any real

variable, real constant:; or any other roal BXprasslions

The description portion describes what the cubprogram doas.
The notes specify any cother information of which the user of the

subprogram needs to be made awares
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Jot all of these subprograms are necessary L[oT working Lthe
oxercises in this manual. Those Lhat dre not are includead
booguse 1L was felt that they might be useful to you in other

aspects of your study and use of statislics.

ERu e

General Focm: W=ATHOA(N, I,P)

% is a real variaple into which the value returned by BINOH
Wwill ba stored.

s 16 an integer axpression which gpocifies the number of
'LI'i-IJ )

I 15 an integer expression whach specifies the number of
BUCCOB8RG.

io

1= 4 real expression which specifies the probability of

suoccess on o single traial.

Descripbion: BINOM comnputes and veturns to X the binomial
orobability of I successes in H trials given that the

probability of success 15 P On gach of the N trials.

Hote:
l. BIJOM computes the value:
M1

1 M-
e e e

&

I

L}
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Description of Subprograms/BIVHD

B IV

General Form: CALL BIVNO [XMEAN, VAR, YMBAH, ¥VAR, N, RO, 2, ¥ )

¥here:

AMEAN 18 a raal expression which specifices the mean of X.
XVAR 15 & real expression which gpecifies the wvariance of X.
YMEAN 15 a real exprossion which gpecifies tha mean of Y.
YVAR i85 a real expression which specifies the vVariance of Y.
N ig an integer axprassion which spacifies the sanple sizZe.

RO is a real expression which contains the value of the
corralation coefficient.

% 18 a real subscripted variable which returns the oheorved
valuasa of X

Y 15 a real subscripted wariable which rovurns the obheBarved
values of ¥.

Daggeription: BIVNO generates a random sample of gize I Lrom a

bivariate normal distribution with Lhe given parameters. IU
ueas the fact that X has a normal distribution
H{AMEAN, VAR ), and given ¥ = ¥, ¥ hiae 4 conditional normal

distribution

1/2 2

H{YHMEAN + AO{YVAR/XVAR) (x:= XAMEAN}; ¥YVAR({l = RO™])).

l«. BIVHO is called hy subroutine CORRE.

2- BIVHD reguires subprograms NOREMI and RAH.
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o

gepetal Form: CALL COI{H, K]

Hhere:

il 13 an integer oxpression specifying the number of objecks
in the set under consideratlion-

% {5 an integer expression specifying the number of objects
to be chosen from the set ak a Lime.
Peucripbion: CUM will read N carde; each containing the name of
an object in the tirst aaght columns and print a listing ot
all ecombinations of thosa I objects taken K at a tame, one

comblnation Lo a4 lina.

DOng?
. The print out will begin at the top of a new page.

3. M must lie in Lthe rangs 1 £t £ L2, and K must be such
that 0 2 K £ 6 and K 5 N

. COW roguires subprogram COME.

COME

Genoral Form: CALL COUB(il, K, IA, IEND)

Hhgras

 is an inloger expression specifving the number of
elements 1n the set.

K iS5 an integer expression specifying the number of elements
in ecach combinatlons

IA 15 an integer subscripted variable specifying inclusion.

TEHD is an integer variable which specifies initialization
and termination of a segquence of combinations.
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2Eer] Lofn: COMB generates a sequence oF inclusion vectors for
Ccombinations of H objects taken & At d Eimes “IFf IN(I) 25 1,
the Ith element of the set of ohjects 15 included in the
combination. Tf IA{I) is5 0, it is not. When COMB is called
with IA containing one inclusion vector, it will ganérate
the next inclusion vector in Ethe sequence. If COMD is
called with IEND > 1, an initial inclusion vector Will be
generated and IEND set to zero. If COME ig called With
LEND: < 0, the next inclusion vector in the gaduence i
Jenerated. When COMB generates the last inclusion vector in

Lhe sequence, iL returns the value 1 for 1END.

Hote:
1. COMB 18 called by cubroutineg CoM and PER.

4+ IA must be Rubscripted to at least HN.

CONIN

Ggneral Form: CALL CONIN [(KMIN, XMAK, ENUPL, ENTPH, PARAN ]

Whore:

#3410 18 a real expression whose value is the minimum value
exipected for the lelt end point of the confidenco
intecvals.

AMAX 15 a real expression whose value 15 Lhe maximum valus
expected for the right end point of Lhe confidencea
intervals.

ENTPL is a real subscraipted wariable containimg 50 lefk end
FIINLS.



Description of Subprograms/CORRE al

ENTPR 15 a4 real subscripted variable containing 50 raight end
poinks-

PARA] 15 a real expression specifying the hypothesized value
of Lthe parametér.

Deseription: COULIN prints 50 intervals whose left end poinls are
ENTEL (L) iese BHTPL(S0) and whose corrasponding right end
polnte: are ENTLH (L) pos o ENTPR(50). 'The intervals are
printed in the form of a line of asterisks on 50
consecutive lines. On each line, a minugé 65190 16 printed to
indicate the location of PARAM relative to the interval.
willil and X4A% are used to determine the scale. TIL any ENTFL
value 15 less than XKMIN, the scale is redefined to inelude
tha smallest left end point. Likewise, the scale is

radefinad 1f any ENTPR 16 largar than XMAA.

Hofe!

1. The user has the option of defining his own scale, bY
chelce of XMIN or XIAN: or allowing tha subroutine to
choose 1t by simply setting both XHIN and XMAX to che
same value as PARAN.

s FHTEL and ENTPR must Do subscripted to at least 30.

CORRE

General Form: CALL CORRE(H,A,8,RO}

Whoaro:

i 15 an integer expression which indicates the size of the
gamples to be chosens

A is a real subscripted variable into which the first sample
is to be stored.
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B 15 a real subscripted variable into which the secand
sample 15 to be stored.

RO is a real expression whose value 1s the correlation
coefficient of the populations from which & and b are
chosens

Descripflon: CORRE genecrates two samples of size N in
subscripted variables A and B from a bivariate population
with correlation coefticient RO. The means of the two

variables are 50 and Lhe variances areo 100.

Hota:
l. A and B must be subscriptod to at least M.

4. CORRE requires subprogramas BIVNO, NORM1, and RAl.

DRAW
General Form: CALL DRAW (IST,IVAL, LSHUEF, KARD)

Wheret

IST 18 an integer variable which will be assigned a valus
between 1 and 4 to represenl the suit of the card drawn-

IVAL is an integer variable which will be assigned a value
petween 1 and 13 to represent the Eace value of the
card drawn.

ISHUF 15 an integer varlable used internally by DRAW.

KARD 15 an i1nteger subscripted wariable used internally by
BRAW .

Description: This subroutine simulates a draw of ope card from a

deck aof plaving cards. If ISHUF = 0 when DRAW is called,

the deck is shuffled and the top card is drawn. If ISHIF is
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positive but less than 52, ISHUF is incremented by one and
Lhe ISHUF-th card is drawn from the decks. IST and IVAL

return the values for the guit and face wvalue of the zard

drawn in the tollowing code:s

Byt Face Yalue
1l = Heart 1l = aAca
2 = Spade 2=10 = 2-10
3 =-C1lub 11 = Jack
4 = piamend 12 = Duean
13 = ¥King

1. After all 52 cards have baen drawn from the deck, that
10, whan 15HUF 18 greatar than or egual to 52 when DRAW
18 called, DRAW raturns zesros for both IS8T and IVAL.

3.,  KARD must he subscripted to at least 52.

3. DRAW reguires subprogram RAMN-

FCHRaG

General Form: DF = FCHSQ(X:NDF)

Whore:

HOF 18 an integer expression giving the number of degrees afl
freedom [or the chi-square distribution.

w 18 the point at which the function 15 beang evaluated.

Deascription: This Eunction subprogram roturps to DF the valus af
the distribution function for the chi=square distribution

with WOF degrees of freedom. FCHSQ is evaluated at X.
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l. FCHS{ requires subprogram FNRML.

P

General Form! DISE = FFLX; HDFH, NDED)

Where:

BISF 18 a real variable into which 18 stored the valug of
Lhe F distribution function.

NDFH 18 an integer exproasgion giving the numerator degroes
of freedom.

NODFD 18 an integer expression giving the denominator degrees
aof freedom.

X 18 a4 real expreasion whose value 18 the point at which thae
F distribution function ila evaluated.

Eggcriptiont This function subprogram returns to DISE the valua
of the distribution function for the F distribution with

HDEW and NODEFD degrees af freedom evaluated at ¥.

Hotatd

1. FF requires subprogram FI.

BLLP

Genaral Form: A = FLIP(¥,H,T)

Where:

A is a real variable Which wWill eontaan the rasult of the
£lip of the coin-

W oils a real oxpression which determines the propability of
flipping & head-
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H is a real expression which is the value assigned to A when
a hepad oCcCUES.
7 18 a real expression which ig the value assigned to A when
4 tail oCcCuUrs-
nescription: FLIP simulates the £lip of a coin and stores the
result in A as H 1f a Kaad and T if a tail. K doetermings
the probability of a haad on & given flip. If 0 6 & < Ls

the probability of a head is X. Otherwise, 1L 15 05

Hate:

{. FLLIP requires subprogram BN .

FHRAT

Ggperal Eorm? DISE = FHRAL (4}

dherat

DISF 18 a roal variahble into which the valus of the standard
normal digtribution funetion will be Brored.

% 15 a real sxpression whose value is the point at which the
function 15 evaluated.
Deggraiptlion: Thig function subprogram returns to DISF the value
af the distribution Lunctaion for the standard normal

distripution: M{0:L1}, pyaluated at X-
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ET

General Form: DISFE = ET(T,HDF)

ihere:

BLISF 18 8 real variaple into which is Btored the valua of
the & distribution function.

T is a real expression whose value is the poink at which the
function 18 to bhe evaluated.

HDF 185 an integer expression whose value is the number of
degrees of [reodon-
Pescription: This function subprogram returng to RISF the value
of the distribution function for tha t distribution with HODF

degreas of frecdom avaluatad at 1.

GHMIA

Gengral Form: G = JUMA(X]

Wharg:

G 18 a real variable into which will be stored the valua of
the function-

¥ 18 4 real expreession wWhich specifies the point at whaich
the function is to be evaluated.
Pegcription: GMMA computes an important mathematical function
called tho gamma function. The value of the gamma functian

at ¥ 1= stored in G-
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1. The gamma function at any wositive integer n 18 aqual to
the factoraal of n - 1. The gamma function has a value
for all real arguments except Zero angd nedgative
integerss

HIST

General Eorm: CALL HIST(N,X,ALET, ALN, HTOT)

Hheareg:

N L& an intager exXpreseglion specifying the number of
obearvations to be included in the histogram.

¥ 15 a real subscripted variable containing the
chEarvitions.

ALFT L8 i real exprassion gpacifying the loft end point ot
the lalft=-most frequency class.

ALHN 18 a4 real axpression which specities the width of each
frequancy clacs.

NTOT 18 an integer expression specifying the number of
froquancy classas.
Degcription: HIST will print a histogram of the data found 1in
the first N locations of X- The freguency ©lasses are
devermined by choosing NTUT classas of width ALM starting at

ALF'E.

1. The user must take care that a1l of his data points are
within the fregusncy classes he has defined. If he does
not know the range of his values, it might be to his
sdvantage to use HI5ST1. Those values outside the range
specified will be ignared.
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£« NTOT can be at most 20.

3+ X must be subscriptaed for at least N values.

HIST1

Goneral Form: CALL HISTIL(N,X.TO0T)

Whora:

N 18 an integer expression spaclfying the number of
observations to be included in the histogram.

X 18 a real subscripted variable containing thao
ochoarvations.

NTOT 18 an integer expressaion specifving the number of
fragquancy claesos.
Degcription: HISTL will print a histogram of the data Eound in
tha tirst W locations of X. The f[reguency classcs are

determined automatically by the subroutina.

Hote:
l. HNTOT musk be no larger than 20.
2, X must be subscripted for at least N values.

d. HIST] reguires subprogram HIST.
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IT0ES

general Form: J = ITOSS5(X)

Mhere:

J is an integer wvariable into which the result of the die
koss will be stored-.

¥ 185 any real eXxpreBSlons

pescription: 117053 simulates the Lossing of a fair die and
roturng the count of the upward face into J. X is 4 dummy

paranater and 15 net used at all by the funetion ITOSS.

Hotas

I'055 requires gubprogram RAN.

HoRM L

Gaengral Forns ©CALL MORML (W, XMEAN STGHA, X )

Wherea:

W 1g an integer expression which specifies the number of
absepvations to be generated from the normal distribution.

®MEAN 18 Lhe mean of the distribution.
siGAA 18 Lhe standard deviation of the distraibution.

v ig a real subscripted variable in which the random sample
is stored.

Deggriptign: MHORM1 selects a random sample of size W from 'a
normal distripution with mean XMEAN and standard deliviation

5IGHA and returns the sample values in X.
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a0 Descriphtion of Subprograms/BER

Hote:
l. X must be subscripted to at least H.
&= HOBRM]l requires subprogram RAH.
PER
General Form: CALL PER(H:K)
Whera:

M i858 an integer expression specifyving the numbaer of objeclLs
in the sat under congidaration.

K 18 an integar exprassion speacitying the nunber of objacts
to be chosan from the sal at a tima.

Pascripktion: PER will read N cards, sach containing the name of
an object in the first ailght columns, and print a listing of
all permutations of these N objects Whan taken in all
poeslible combinations of K at a tima. Oné permutation 16
printed per line and a line is left blank between each palr

aof combinations.

1. The praintout will begin at the top of a new page.

2, W must lie in the range 1 <N £ 12, and K must be such
that 1 < K < 6 and K £ N.
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m

oRid

&) ral Form: CALL PERM (14, LN, TEHL )

Where:

[ 18 an inkeger edprassion indicating the number ot elements
in the seat.

14 is an integer subscripted variahle containing the
permutation.

IEND 15 an integer wvariable which specifies initialization
and termination of a sequente of permutations.

Dgscriphion: ﬁEnH generates a seguence of all permutations ol
the first N integers. If IN contains one permutation whan
PERM L5 called, IN will contain the next permutation in the
saguence when a RETURN 18 axecutad. If IEND 18 not Zero
when PERM 18 called, an initial permutation igs generatoed and
IEND 18 et to zero. When the last permutation in the

saguence 18 genorated, IEWD returns with a value of one.

[Hote:

1. PERM is called by subreutine PER:.

7. IN must be subscripted to at legast H.

BPRCHI

Genoral Form: C = FRCHI (P, HOF )

H;]Erg:
C is-a real variable in which the rasult 18 stored.

P is g real expression specifying a probability.
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HpE 1s an integer expression which specifies the number of
degrees of freedom for a chi-square distribution.
Degcr on: PRCHI computes and returns a number © such that
P(X = C) =P where X has a chi-sgquare distribution with MDF

dagreas of frecdom.

i. FRCHI requires subprograms FCHSO and FHRML.

FREF

General Form: C = PRF(P,HDFR,HNDFD)

Whara:
C 18 a real wvariable in which the regult is storod.
P is o real expression specifyving the probability.
MDFN and NDFD are integer expressions which spegify the

number of degrees of freedom in the numerator and
denominator,; respectively, for an F distribution.
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Descriptign: PRF computes and returns a pumber C such that
P(X = C) = ;, where X has an F distributian with HDFH and

HRFD degrees of Ereedom, respectively.

HoLe:

1. PRF requires subprograms FF and FT.

PRT
Ganeral Farm: © = PRY(P,NDF)

¢ ig a real variable in which the result 18 stored.
P 12 a real expression specifying a probability.
MOF 1% an integer expression which specifies the rumber
of degrocs of freedon for the t distribution.
DescE an: PRT computes and returns a number C such that
p(%X - C) = P where X has a t distribution with HDF

degrees of freodomn.

53
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Hote:

1. PRT reguires subprogruam FT.

PR
General Form: © = PRZ(R)

Whare:
C 18 a real variable in which tho result 18 Btorad.

P 18 a real expression specifying a4 probability.

Pescription: PHREZ computes and returng 4 number C such Lhat
PlE = ) m P where 2 has a standard normal distribution;

n{0, 1)
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dote:

1. PHRZ regquires subprogram FHRML.

RAN

General Eorm: X = RAM(I)

Whorot

% is a real variable in which a random value 18 stored.

1 18 an integer expression whose use will depend on your
local computer installation.

Lescription: RAH will generate a Hgguence of random numbers
From the uniform distraibution on the interval {(0,1);:
that 15, every number between { and 1 has an

approximately equal chance of being returned.

1. Since random number generators are very dependent
upon the computer used, the details on the use of
AAN will be provided by your instructor.
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ShMEL
Genersl Form: CALL SAHPL(N,A,M,B, IRPLC)
Hhere:

15 an integer expression specifying the size of the
population from which you are sampling.

A 18 a real subscripted variabile whicl contains the 1
values of the population.

M 18 an integer expression specifying the cize of £ he
dosired random sample taken Lrom M.

B 18 a real subscripted variable inte which tha random
sampla is returned.

IRPLC 18 an integaer expraession which indicatas whether
sampling is with or without raplacement.
Description: SAMPL generateo a random gample of gize M from
a population of N values stored in A. The random gampla
15 raturned in B. If IRPLC = 0, than sampling is
without replacement. If IRPLC = 1, the gampling is with

roplacemant.

1. If M 185 greater than N, then sampling must be with
replacement-

2+ A must be subscripted to at least H.
B must be subscripted to at least M-

SEhT

General Form: CALL SCAT (T o KPIXH , KHA, YMIN, YMAN, H, X, ¥



Description of Subprograms/SCAT

Where:

I 1% an integer expression which specifies the features
desired: I = 1 specifies a scattergram onhlyi I = £
aﬂds the least squares redression line; T =3 adds the
45% confidence band-.

¥MIW 18 a real expression which specifies the lower
limit on Lhe X axis.

XMAX 18 a real expresslon which specifies the uppor
limik on the X axi1b.

YMId is a roal exprossion which specifies the lower
limikt on the ¥y axis.

YMAX 18 & roal expression which specifies the upper
limit on the ¥ axis.

M 18 an integer expression which specifies the number ot
pairs of observations to be plotted.

v 1 g a raal gubseripted variaple which contains the H
abhservations of ¥.

Y 10 a real subscripted variable which contains the R
corresponding obsarvations of Y.

Descriptilon: Subroutlne SCAT prints 4 scatter diagram of
ordaered pairs (¥:,¥). ©On the scatter diagram, a 1
indicates 1 data point, a 2 indicates £ data points, a 3
indicates 3 data points, a4 4 indicates 4 or more data
pointe. The msan, unbiased vartanco and maximum
likelihood variance are cgalculated for the observations
of ¥ and for the observations of ¥. These values are
printed along with the correlation coefficient. The
loast sguares regression line is printed when I = 24
whare T L5 the first argument of SCAT. A 85% confidence

hand for the regression line is printed when I = 1.
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1. The limits on the x and y axes will be redefined
within ScA'l' 1f the valuas of X and ¥ input make. this
necessary. The redefined valuss are not returned to
the calling programs

2. The order of the elements an ¥ and ¥ is changed bY
SCAT. The arrays are returned with the ¥ wvalues in
inCreasing order.

1. ¥ must be subscripted to at least A
¥ musk be subscripted to at least N.

SHASY

Geperal Form: CALL SMASV(ABAR, SVAR, A/ N)

whera:

¥BAR i6 a roal variable in which is returned Lhe sampla
maan s

SYAR is a real variable in which is returned the sample
Variancea.

¥ is a real subscripted variable containing the values
of the samples

N ig an integer expregsion specitying the sizo af the
gample.
Description: SMASY calculates the sample mean and sample

variance of the first N valuess in X by

H
XBAR = (L/0) L X{X):
Tel:
H
SVAR = (1/08) T (%(I)-KBAR)?
I=1

Hote:

1. ¥ must be subscripted to at least H.
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SUEER

General Form: CALL SUPER (XMIN, KMAKX, U, X, XMU, SIGMA]

nhore:

wMiN 18 a redal variable which specifies the lower limit
an the * axigs

YAX i85 a real variable which spacifiecs the upper limit
an the ¥ AXiGs

M is an integer expression which is the numbar of
abservations to he included in the histogram.

v 18 a4 real subscripted varlable containing £ha N
ohEsarvitions.

vl 18 4 real expression whach spacifies the mean of e
normal distribullon.

SIGMA 18 o real expression which specifics the standard
daviation of the normal distribution.

pegoription: Subroutilne SUPER plots a relative freguency

histcogran With a guparimposed normal probability dansity

fupction. The histogram contains 10 classas.

Halg:
1. YMIN and ¥HAX are redefined if necessary and the
rodofined values are returned to the calling
PLagral -

2. ¥ must be subscripted to at least I3

RN

Cengral Form: CALL URN{I1,I2,I3,H,IREE,Kl,K3,E3]
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Description of Subprograms/URH

Where:

Il is an integer exprassion which specifies the number
of balls in the urn of type 1.

IZ2 i8 an integer expression which sSpecifies the number
of balls in Lthe urn of type 2.

I3 is an integer expression whach specifies the number
of balls in the urn of t¥pe 3.

M 48 an integer expression wWhich specifies Lhe number of
palls to be drawn.

IREP is an integer aexprassion which specifics whethar
the balls are drawn with or without replacement.

K1 ie an integer variable which specifies the number of
balls drawh of type 1.

K2 18 an integer variable which specifies tha humber of
balls drawn of type 2.

K3 18 an inLeger wvariabla which spucifies Lhe number of
Balle dreawn of cypa 3.

pegcription: URN saimulatas the drawing of H balls from an

urn containing balls of three distinguishable types; Il
of type 1, 12 of type 2, and I3 of type 3. The result
18 that K1 balls arec drawn of type 1, K2 ol type 2 and
¥l of type 3- It IREP 18 2ero, drawing is5 with
replacement; if IREP i one, drawing is without

replacement.

1. Ho walues other than zero and one are allowable for
IREP-.

2, TEMH Il # I2 + I3 and IREBP i8 one, then only Il +
I2 + I3 balls will be drawn-
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Nata Sats

Introduciiogn

spyaral of the axercises in this manual require that
apnalysis ha carried out with live data Bsets. In order Lo do this
guch data sets must ba accassible on Yyour computer. Five such
dava sets are includad Wwith this manual and Yyour tnstructor may
wish to make others available in addition to or ingtead of these.
In thigc port of the manual we will describe these five data sels

and show you how they can be accessed.

These data sets could be made available to your program by
means of a4 deck of cards which would be input to your program
among your data cards. However, saince these data sots are rather
large, this would result in 2 rather bulky deck which would have
to be made available to everycne 1n the class. In addition in
arder to read a card near the end of the deck, all preceding
cards must be read first. Instead, it 18 recommended that thesa
data sets be stored on a random access device,; such az a magnetic

diek, which is connected to the computer. This allows one Cop¥
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of the data set to be available te all users, and makes it

possible for them to access 1t guickly and easily.

Because different computers difter in the way they handle
random access files, there will probably be cards which ¥You need
to inelude in your deck when using thisg data which are not
dagcribed in this manual. We will, however, describe a
subprogram which will enable you to conveniently access such

intormation.

RELL

Geparal Form: CALL REDE (HUTST,HNVAR:SAHP, KLO, KHI)

Whera:

HDUST 18 an integer exprassion which specifies the number of
the data set to be accessed.

NVAR L& an integer expression which specitfies the number of
the variable to be accessed.

SAMP is a real subscripted wvariable in which the data will
he placed.

KLO is an integer expression which speciflies the number of
the first record to be accessed within the data set-

KHI 18 an integer expression which specifies the number of
the last record to be accessed within the data set.

Degcriptien: The data walues of yariable NVAR of subjects ELO
through KHI in data set HDEST will be read from the random
access file and stored in the first RHI-KLO+1 locatians of

SAME .
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Hoteg:

1. 1f KLO is input as zero, the cntire data set will be read
into SAEE.

2. SAMP must be subscripted to at least KHI-KLO+1.
Exampless

CALL REDE (1,3,8.,6:223)
This call will read into A(l) through A{20) the values of

variable 3 for subjects 6 through 20 of data sat 1.

CALL REDE ﬂJrErEnﬂrlE:EEJ
This call will read into GAML1Y the value of variable & for

subject 28 of data set J.

CALL REDE (2,3, VEC, 0,0}
This call will read into VEC(1l} through VEC(220) all valuas of

variable 3 of data set 2.

DATA SET 1

Caleoulus Students

The following data was collected in prder Lo determine what
factors significantly predick Buccess in Freshman Calculus at a
large university. Each subject ie a skudent who completed the

first calculus course at this large University.
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Number of variables: &
Humber of subjects: 364
Description of variables:
variable 1. High school GPA. The subject’s [inal high school
grade point average Lo the nearast tenth. [4.0
perfect) .
variable 2. ACT Math. The subject’'s score on the mathomatics
portion of the ACT college entrance exam.
Variasble 3. ACT Camp. The subjeclk’'s composSilte score on the ACT
BRam.
Variable 4. Sex. Thae subject’s sex, coded as 1 for male and 0
for female.
variable 4 Final Exams The subject’'s score on the Einal exam
in the calculug COUrgEa.
variable 6. Final Grade. The subject’s final course grade in
calculus coded as 0 for Fo 1 for by 2 for C, 3 for

B; and 4 for A-

DATA SET 2

Metropolitan Areas

The data in this set consists of specific economic data
collected for the metropolitan aresas of cities of the United
ctatas. This data is found in Statistical Ahstract of ghe United
States, 1970. Each subject 15 a metropolitan area in the United

stkatasg.
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Humber of wvariables: 5
dunber of subjects: 220
Description of variabless
variaple 1. llopul. The populatlon aof the subject ain units of
10, 00u.
variable 2. Income. The subject’s personal income per capita.
in dollars.
Variable 3. ‘Tax. The proparty tax per capita collected an the
subject, in dollars.
variable 4. Deposits. The amount of bank deposits par capita,
in the subjact, in dollars.
variable %+ Sales. The amount of total saleE per year par

capita in the subject, in dollars.

DATA SET 3

Programming Students

The set consists of data collected on students enrolled in
an introductory programming course. Each subject is & student
who has completed this Ccourse.

Humber of wvariables: 6
Humber of subjects: 152
poscriptron of variables:
Variable 1. Subject’'s sex (1 = male, 0 = female)
Variable 2. Subject”s class (1 = freshman: 2 = sophomore, 3 =

junior, 4 = senior)
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variable 3. BRow in which subject sat in the class (1-4)

Variable 4. Percentage of total points subject earned on the
homework {could be more Lhan 10U}

variable 5. Subject’s final exam score (200 points possible)

Variable 6. Subject’s final grade in the course (A = 4.0, A~ =

Jede 1 BE =i Ged3s Bl Fnlipattss)

DATA SET 4

Liberal Arts Colloges

This data was collected from the {gllege Blue Book., 13638/.0.
Each subiect is a liberal arts college in the United States.
Humber of variablas: b
Humber of subjects: 319
lescription of variables:
Variable l. Typa of school (0 = Protestant, 1 = Catholic, & =
Private, 3 = Statel
Variable 2. Tuation for one year an dollars.
variable 3. Total yearly cost per student for tuition, fees
room, and board in dellars.
variable 4. Subject’s total enrollment-
variabhle 5. Subject’s faculty-student ratio.
Variable 6. -Humber of volumes in subject’s library, in

thousands.
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BATA SLET 5

BAT Scores

This daka set is a collection of SAT examination scores for
a set of students entering college. Each subject i85 an entering
student.
flumber of wvariaples: &
Humber of subjects: 452
Pascription of variables:
Variable 1. SAT Math. The score received on the mathematics
portion of the Scholastic Aptitude Test given by the

College Entrance Examination Board.

Vartaple 2. SAT varbal. The sgseore received on tha verbal
partion of the Scholastic Aptitude Test given by the '

College Entrance Lxamination Board.



