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Data Description and Numerical Measures

Chapter 1 ; Daia Description and Numericai Measures

INTRODUCTION

LI WHAT IS STATISTICS

Statistics is a field of study which implies collecting,
presenting, analyzing and interpreting data as a basis for
explanation, description and comparison.

= =]

1.2 TYPES OF STATISTICS
Statistics can be divided into two
(i) Descriptive Statistics
(i) Inferential Statistics

Descriptive Statistics is a field of study which involves
organizing, displaying and describing data by using tables,
graphs and summary measures.

Inferential Statisties consists of gencralizing from samples
to populations, performing hypothesis tests, determining
relationships among variables, and making predictions.

1.3 POPULATION VERSUS SAMPLE

Population refers to every element in an observation which
are of interest for data collection.

For example, } data on final exam resulis at UTeM is
needed, every student in UTeM forms the population.

Sample tefers to a certain number of elements that have
been chosen from a population for observation. Sample in
subset to population.

For cxample, choose any 100 students in UTeM for
inferviews. The sample size is 100,

ORGANIZING DATA

2.1 RAW DATA
Once data has been collected, it is crucial that the data be
well presented for analysis and interpretation.

Once data has been cotlected, before they are processed or
ranked we called raw data.
Raw data also called as individual data.




2.2 ORGANIZING AND GRAPHING QUALITATIVE
DATA

FREQUENCY DISTRIBUTION
‘Numerical data can be presented in form of a table. The
data would have to be classified.

Freguency distribution is the lists ali categories or clusses
and the number of elements or values that belong to each of
the categories or classes.

Two types :
(i) category type - umgrouped jrequency s

(ii) interval type - grouped frequency e

2.3 ORGANIZING AND GRAPHING
QUANTITATIVE DATA

GROUPED FREQUENCY DISTRIBUTION

A class interval is a range of values defined by the lower
class limit and upper class limit.

Class boundary is the midpoint of the upper limit of one
class and the lower limit of the next class. Formulas for
finding the class boundaries are as follows :

{ lower class limit) - 0.5 = (lower ciass boundary)

{ upper class limit) - 0.5 = (upper class boundary)
OR

( Tower class limit) - 0.05 = ( lower class boundary}

( upper class limit) - 0.05 = ( upper class boundary)

Class midpoint or class mark is a average of lower class
limit and upper class limit.

Formula:
Cluss midpoint = wpper class limil : Tower class limit

Range is equal 10 highest value minus lowest value.

Number of classes can be obtained by using Sturge’s
formula.

Number of classes = +3.3 logn H
n =the number of observation in data set

Class size ( Class width) can be obtained by dividing the
range with a number of classes,

. Renpe
Clisss shrg o mmemmrerris Tl
number of <lasses

Tally marks vsed to count class frequency by marking
sirokes against each class for each data that falls in that
class.

-

! Relative frequency of a class is just the ratio of its frequency to the total
 frequency. Each relative frequency has value between ) and 1, and the toral of
! all refative lrequencics would ther beequal to 1.

Table 1.7: Relative Frequency Distribution for the Boaks on Weekiy Sales

1.5 CUMULATIVE FREQUENCY DISTRIBUTIONS
Cumulative frequencies are obtained by finding the total
number of values or frequency that fall below the upper
class boundary of each class.

Formula:
cummelative frequency of each class

sum of all frequencies

Cummulative relative frequency =

We can use cummulative frequency or cumulative
relative frequency to represent the vertical axis.




|:l CUMULATIVE FREQUENCY DISTRIBUTION

The wtal frequency of ali values Jess than the upper cluss boundary of 4 given
class is called a cumulative frequency up to and inciuding the upper linst of that

class

“Table 1.9: The “Lessithan ar Equal” Cumulative Distribgiion for the

Books on Weekly Sales
" Uppes Boandiry ;| Cuimalitivé Frequeiity | Cuniulitive Frequcacy (5}
Z138 0 ]
2435 2z 4
£53.5 7 14
5625 1% 38
8935 7 -
<835 47 kil
=515 49 98
<1058 50 106

GRAPHING GROUPED DATA

After the data have been organized into a frequency
distribution, they can be represented in graphic forms such
as histograms, frequency polygon, and ogives

BAR CHART
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Figure 3.1: Bar chart for the aumber of studgnts by their sthnie backgrouad in Scheol J,

Figare 3.3ib); Using Relatwe Frequensy ro develep the Piz Clhian

HISTOGRAMS

A graphical representation of a grouped frequency
distribution,

class intervals - horizontal axis

frequency - vertical axis.

It is obtained by adjoining rectangles, the width of each
rectangle is the size of each class and the height of each
rectangle is the frequency of the class interval, The arca of
cach rectangle is important.

HISTOGRAM
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FREQUENCY POLYGONS AND CURVE

1t is obtained by connecting with straight lines the
midpoints of adjacent class intervals of histogram

A frequency curve is obtained by smogthing the comers of
a frequency polygon.

Relative frequency = frequencey of cach class / Sum of all
frequencics

We can use frequency or relative frequency 16 represent
the vertical axis.

FOLYGON
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Hakght (ki Kiehes)




OGIVES

These are the graphical representations of a cumulative
frequency distribution. Ogive can be drawn by joining with
straight lines the dots marked above the upper boundarics
of classes at heights.

OGIVE

s RER

Cumulative Frequancy

. i
7.5 745 715 505 815 M5
Halght (In inches)

Example
Eeclow is the distance in km of a random sample of 50
employees in Z company who traveled to work each day,

1 2 6 7 1213 2 6 9 5
18 7 3 15 15 4 17 1 14 5
4 16 4 5 8 6 5 18 5 2
g 11121 9 2 10 11 4 10
9 18 %8 8 4 14 7 3 2 6

i) Construct a frequency distribution table.

ii) Construct a histogram.

iii)} Construct a frequency polygon

iv) Construct a relative frequency polygon.

v} Construct an ogive.

vi) Find the mean, variance and standard deviation for
this data set. (give the answer in 4 decimal places).

Soluation
a.i) Determine the number of classes and class width using
Sturge’s formula,
Highest value =18
Lowest value = 1
Number of classes = 1 + 3.3 log n  n=the number of
observation in data set
=1+33log 50
=6.61
-4 classes

Class width = Highest valne - Lowest vahue
Numbersof ¢lasses

i8]
e

=28

-3

Cinss | Tal | Freq | Cumudativ | Class Midpoims, | fm [
Timit by fuenc ie boundasies { m
wb Freguency
cf
1-3 wl1e {10 0.5-3.5 {2 20 40
i
4-6 w14 124 3.56.5 {5 70 1350
i
]
7-9 Wi 134 6.5-9.5 {8 B0 [640
10-12 i} 16 40 9.5-12.5 {11 66 |726
13-15 {15 45 12.5- 14 0 {980
15.5
16-18 ||} 15 50 15.5- 17 85 1445
18.5
Erew P

a.ii) Histrogram

Histogram

Distance inkm

a.iii) Frequency Polygon

Frequency Polygon

2 E) 8 it 14 17

Distance in km




a. iv)

a.v)
Class Midpo | Frequen | Relative Cumulative
boundary int cy Frequency Relative
¥requency

0.5-3.5 2 10 0.20 0.20
3.5-6.5 5 4 0.28 Q.4
6.5-9.5 8 [¢] 0.20 0.6
9.5-12.5 11 L 0.12 0.8
§2.5«15.5 14 s 0.10 G.90
15.5-18.5 17 3 0.10 1.00

Gglve i

06 a6 66 06 25 155 185
Qlislanca 7 K

NUMERICAL DESCRIPTIVE MEASURES

3.1 MEASURES OF CENTRAL TENDENCY
The three common measures of central tendency are mean,

median and mode.

MEAN

The mean is the average

The mean from sample is denoted by *
The mean from population is denoted by .

Class Midpoint TFrequency Relative
boundary Frequency
0.5-3.5 2 10 0.20
3.5-6.5 5 14 0.28
6.5-9.5 g ia 0.20
9.5-12.5 11 [ 0.12
§2,5-15.5 14 5 0.10
15.5-18.5 17 5 0.10
{7 Rolative Frequancy Patygon
| g
Ig 8 i
L& o :
] 2 5 8 11 14 17
] SN . L
avi)
Sample mean, x= %‘,L:: Variance,
W T (& s}
N TR ) )
3% L s porf
) T30 d0f4)
= 7.8200 =22.9261
Standard deviation , s = J220z61
= 47881
Calculation of mean
(i) Individua! data 5, 60,40, 35,
25, 40,15, 60 , 50
Formnula:
p 2
Y a

(i) Ungrouped frequency

, | Frequency

Formula: }? ata
I= 2:5‘_

b 43

50

60

85

T e [T

(iii) Grouped frequency

Data | Midpoiat, | Frequency,
Formula: m
. 267 25 2
XS 10
30- 35 5
40
40 - 45 3
50
50 - 55 1
60




MEDIAN

‘The median is the value of the item which is located at the
center of the distribution.

Calculation of the median,

(i) TIndividual data

" +1
Location = ,"..E_ th tenn

(if} Ungrouped data

. . n+1
Locadon of median = —— t tem

Example
Ten customers purchased the following number of
magazines: 1,7,5,3,6,2,3,1,5,8. Find the median.

MODE

The mode is the vafue, which occurs most frequently ina
distribution.

(i) Individual data

Identify the data with the highest oocurrence.

Nore:

Tn any set of data may be there is no mode, or one or more
than one mode.,

(ii) Ungrouped frequency
Identify the data with the highest occurrence.

Solution
1,1,2,3,3,5,5,6,7,8
T Hence, the median =212
Mudian 2
=4
Example

Find the mode for below numbers:
110,731, 1031, 84,20, 118, 1162, 1977, 103,752

Solution:

Since each value occurs only once, there is no mode.
Note: Do not say that the mode is zero. That would be
incorrect, because in some data , zero can be an actual
value.

3.2 MEASURES OF DISPERSION

RANGE

The range is the difference between highest and lowest
value in the distribution.

Formula:

Range = highest value - Jowest value

VARIANCE AND STANDARD DEVIATION
“The standard deviation measures the spread of (he data as
compared to the mean,

(i) Individual data

Formaula:

Be(m) L3 lnd

n o} 1

n T -l a1y

(i) Ungrouped {requency

Formnia:




(iify Grouped frequency

Formula:

where the m = Midpoint

Example

‘The following exam score {requency distribution was

obtained from all the students in ABC college.

Class | Frequ | Cumul { Midp fm fm*
timits | ency, | ative | oini,
f lfrequen; m
cY

90-98 6 6 94 564 53016
99.107 | 22 28 103 2266 233398
108-116 43 71 112 4816 539392
[17-125; 28 99 121 3388 409 948
126-1341 9 108 § 130 1170 152 100

¥ f=108 Y hn=t Y St c1387854

Find the (a) mean (b) median (¢) mode (d) standard

deviation

Solution
X
() mean, u= ST
L1220
T
=113
(b}  Location of median =£§~'m tetm
_ 08+
=544

The median class is 107.5-116.5, Sometimes, the class
limits is used. Hence, the median class could also given

as 108-116.

(¢)  The modal class is 107.5-116.5 since it has the

largest frequency.

Note: Sometimes the midpoint of the class is used

rather than the boundaries; hence, the mode could also

be given as 112.0.

@




Statistics for Managers
Using Microsofi® Excel
5th Edition
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Chapter 2
Presenting Data in Tables and
Charts

m
”"m Learning Objectives

niilllm Organizing Categorical Data:
Summary Table

] Asuummr) inble indicates (e frequendy, amount; or.. -
percentage of items in 4 sel of ca\egorscs 50 lhat )ou can see o

dllﬁ:mmx.s bctw_ ncatcguncs IR

How do you spend the holidays? Pereent
Athenig with famity 45%
Travel (o visit family s
Vacation 5%
Latching up on work 3%
Other 1%
Sarencs hor e Cranid

1 . .
ilmm Organizing Categorical Data:
Bar Chart
= -Ind bar ehart, 3 bar shows eich category, the lenglh of i

+ which represenis lhe ainciint; reduiency ar p:
T valies fa]lmg ||1to a cat:gnry S

How Ba You Spand b Watldays?

TwHR N

Alhore w Brfamdy

Lo L R

nIl”””f Organizing Categorical Data:
Pie Chart

art sa CerIE bmken up mlo_shces that réprasent .-
; E of o JAiE varies accnrdmg

Btasticn for Managera Living MICHHROR EALH, 39 0 2008 PAOTSON PTG HHIL I Crp25

.|‘”||“| Organizing Categorical Data;
Pareto Diagram

= Usedtose
SmanyT

Bt o icroset Frcel Se 62 o crpze




N[”“! Organizing Categorical Data:
Pareto Diagram

Current Investment Portfolio

-
. -
2 - g

-

P -
. " ad
§§ w2
&~ qég
% " - E
z ~ 3
H "~ ™

Sratt? e Lhagr

aH"”“ Organizing Numerical Data:
Ordered Array

= An ordered areay is & sequcncc ei‘dm in T k ord
ke smallest \.alue to thc lar;,esl valuc :

] DEy Stadents T
e [1z Jiz |18
e e {20 20
q22 25 [27 |=:2
Night SEiidents |10 TvInNY
“he s 19 e fw |u
“J2a [28 32 [33 (a4 |as

llll||||”'f Organizing Numerical Data:
Stem and Leaf Display

. Astem and-leaf dlsp!:uy breanizes Uata into groups (called- .
ems) 0 that the vhivs within each gmup (the ll:a\.cs) o
vith anch ou: 16 {hoTight on cnch-row L L

Ageof Coflepe Students

Day Students Night Students
Stemn | Leal Stem | Leaf
t | orvasem R
2 | onr22sy o
3|2 EREA
+{2 ERAT
Bixmatics bor ¢ Crap 73

.I”I”“] " Organizing Numerical Data:
Frequency Distribution

o The frequency disteibution is & stmimary table in which the;
: data are arraugcd it nimerically ordered class groupin

Gk You must give aliention 1o selecting pprop

T elasy groupings for ‘thié table; détermining # suuabl

elass grouping; and csiabllshmg th
id

i _of‘chss gmupmgs dmred

napt L b, e, Crap b

|||||”” Organizing Numerical Data:
. Frequency Distribution Example

Emmp!e - A manufacturer of insulation randomly selects 20
ind records 1he dmly }ngh temperature Lo

| 35,17, 21,24, 37, 26, 46; S8, _39, 3_2,‘ 13 _l__z, 3_8, 443,54 2,5, 27

402K, nc. Chap A1

Iii””” Organizing Numerical Data:
Frequency Distribution Example

« Sort raw dala in ascending order. "0
13, 13, 17,21, 24, 24, 26,27, 27,30, 33, 35,

LR I‘md_rangc 58= _12 =60
) &.Sele' _number ofc]aﬁse 5 (usu

Saanvocu i hac. Caupi-it




.|’|||ml_' Organizing Numerical Data:
. Frequency Distribution Example

CRelative | E
‘Frequency ::.Parc_unu.l_ge._ :

: Fre_quen_cy"

20bueies
SDbutics

Seszacn for e, Chap el

L

Organizing Numerical Data:
The Histogram

= A graph of the data in & frequency distribution i
zxicalied a histogra ; :

“The elass bohndai-_ie's'(b'r'él. §5 1
- shown on the horizontal uxis.’: 11

ars o the approprinte het
=7 ithe number of observations within ¢

. L2t

III|||H| - Organizing Numerical Data:
- The Histogram

Hstagraas: Cally High Temparature

-

Frequancy
R A

Sttty b, ke, S

]

Organizing Numerical Data:
The Histogram in Excel

1. Select Tools/Data
Analysis

Sa02H s, Crap 248

M{””! Organizing Numerical Data:
- The Histogram in Excel

3. Input data range and bin /

range (binronge is 8 cell mnge
conilaining Ihe upper ¢lass boundaries

for each class prouping)
el
4. Select Churt Quiput e T pattaas
and click “OK" i

SaBetics hie MAAITATS LG MICToRwh Ex0al, 50 & 2008 e arson Prentice-Hal . Cup2IT

. - thie cumulative perCentiges atong the Y.axis,

Organizing Numerical Data:
The Polygon

- ';I‘hé'cunlu!_atl_\r'e pcfc_er;_ta_gg pﬁiygr:)p,-:p ogiv !
displays the variable of interest along the X axis, and:

g, napin




“li"m Organizing Numerical Data:
The Polygon

(In & perceniage palygen
the vertical uxh weuld
be deflacd to show the
percentape of
chrervations per ¢lass}

tuca foe. Chap g

=||||||H - Organizing Numerical Data:
The Cumulative Percentage

Polygen
cucs Lower % Loas Than
Baundary Lewsr Baundary
1e<td |10
<2t 20 15
<60 | 3D 45
A3eE3 “@
o T Ogva: Daby High Temparature
[ o S
L]
§ 0
-
ix
d [
BATICR For Mszrosch Exce, Sa @ nc. LA I

u'll””lz' Cross Tabulations:
. The Contlngency Table

-C| ation (o contingency) tablé preserts the ...
resitlis ¢f two categorical variables: The joint resporises are .
:‘classified so thiaf the categories of one variable are located § in
S tlie Tows und the’ c.ﬂc{.,uncs 0f thc nthcr vanabh. are locatcd in
othe columns . : :

) _:T]lb cch is the sntcrwctmn of‘ lht, 1O nmd cc)!umn .md thc
valie in (he cell Tepicsents th daia concspondmg 101l

Barrnce for b s, Crap 221

,ulli”i” Cross Tabulations:
The Contingency Table

A survey was conducted to study the importance of brand
name to consumers as compared te a few years ago. The
results, classified by gender, were as follows:

Importance of Mala Femalo Total
Brand Name
More 450 300 750
Equalor Less 3300 3450 &750
Total 3750 3750 7500
BULLHTA For e, Chap 23y

,IE”"”I: Cross Tabulations:
- Side-By-Side Bar Charts

Importance of Brand Kame

Lews o Equad
H
£
'! Maxe

G S0 1000 1500 2000 20 0 KD 4050
Humbar of Fesponses

Baattecn b inec, crap1n

.ullllm  Scatter Plots

-Seatter plots arc used for Aumcricat data consisting: :
~of paired observauons taken’ frcm iwo nu:‘ner' Al
. vanab]es L :

it inble is mcasured on the verti 1
i :u:hervaﬂabie meakured on the horizontal axi




l[l B
”m] Scatter Plot Example

« [ Gontper
cideyil Gost per Dy vs. Produsiion Velume
)
= =2
S
=
= 10
o
S =
[
o E)] o ] ] "
Yefuma por Day
Serteceor g, Craplid

| :
”1}“ Scatter Plot in Excel (97-2003)

bz 3y
NEYOER

shre Uy f [EXRER]

1, Select the chart wizard = =

2. Select XY (Scatter) option,

then elick “Next™ -—‘_'_"“‘-—-—-_.

3. When prompted, enter the
data range, then click
“Next™,

4, Enter Title, Axis Labels,
and Legend and elick
“Finish"

T ||H“ Time Series

: "tlme—ser:cs plot s ised 1o qtudy pattemns in the .

SAMEACR bt s Whing Microncht Facel, Sa ©2008 Pebton PHADIHELT. Chap2at

1|!
"”” Time Series Example

Attendance {in millions} at USA amusementithema parks from 2000-2005
Year Year Number Attendanee
2000 C M7
200 1 M9
2002 2 J4
200 3 22
2004 4 rid
2005 3 335
ST A Miceopon Eacel. e © e, =

n”””! Time Series Example

Attendance {in millfons) at US Theme Parks

Attendance

Yoar (Since 2000)

o
I"”” ~ Principles of Excellent Graphs

glvcn scl ofdala
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li”” - Graphical Errors: Chart Junk

® Bad Presentation v’ Good Presentation

Minimum Wage

1960: $1.00
R 4

LH:1 1970: $1.60 //
2
- 11980: $3.10 —

1]
[} 1990:53.80 1960 1370 198¢ 1930

s Minimum Wage

Statiaticy e, Crapr

'””]m Graphical Errors:
No Relative Basis

® Bad Presentation v Good Presentation

A's received by A's received by
students. % students.
100 30%
20%
10%
0% k
FR 50 JR SR FR SO0 JR SR

[FRE Freshmen; SO = Sophomare, JR = Junior, SR = Senior |

Lubstan 240 2000, o, Cnapzaz

nlllmll Graphical Errors:
. Compressing the Vertical Axis

Bad Presentation v’ Good Presentation
Quarterly Sales

Quarterly Sales

Ql Qz Q3 Q4 at Q2 Q3 Q4

u”l””] ~ Graphical Errors: No Zero
Point on the Vertical Axis

Bad Presentation  ,/ Good Presentations

Monthly Sales $ Monthly Sales
45s 48
42
42 39
39 36
36 0
JEM AWM JF M AM

Graphing the fiist six mdnths of sales ..

Sutates o e, onapa

T
”"”I Chapter Summary

In this chapter, we have

-« Orgonized ca!cgoncal data using the summary !ab[c
bar c!mrt p]c Lhart and l’arew dldgram

: 'eloped séatter plots and. tlme. series graphs. L

; mmedlhe do' s and dcmts ofgraplncal]y
wp]ay:ng data R




Fundamentals of Hypothesis
Testing:

|

One Sample Tests
Population Mean

craphy

.ﬁ"”“' The Hypothesis

= A hypothesis is a claim (assumption) about a
population parameter:
= popuiation mean

Example: The mean monthly cell phone bill of this
city is p=3852

I
]””” The Null Hypothesis, Hy

= States the assumption (numerical) to be tested
Example: The mean number of TV sets in U.S.
Homes is equal to three.
Hy:p=3

= Js always about a population parameter, not about
a sample statistic.

Crapkd

Chap By
1 ..
- The Null Hypothesis, H
= Begin with the assumption that the null
hypothesis is true
* Similar to the notion of innocent until
proven guilty

= It refers to the status quo

» Always contains ¥=", “<” or “2” sign

= May or may not be rejected
Crapat

1 13618
”ml The Alternative Hypothesis, H,

= [s the opposite of the aull hypothesis

= e.g., The mean number of TV sets in U.S.
homes is notequal to 3 (Hpp#3)

» Contains the “ £*, “<” or “>" sign
= May or may not be proven

ﬂ!l”” The Hypothesis Testing
Process

= Claim: The population mean age is 50.
v Hypp=56, H,: p # 50
= Sample the population and find sample mean.

T e
o i

4




.MI”I“__ The Hypothesis Testing
Process

Suppose the sample mean age was X = 20.

This is significantly lower than the claimed mean

population age of 50.

» Ifthe null hypothesis were true, the probability of
getting such a different sample mean would be very
small, so you reject the null hypothesis .

« [n other words, getting a sample mean of 20 is so

unlikely if the population mean was 50, you

conclude that the population mean must not be 50,

ﬂl}|!”” The Test Statistic and
Critical Values

= [fthe sample mean is close to the assumed
population mean, the null hypothesis is not
rejected,

If the sample mean is far from the assumed
population mean, the null hypothesis is
rejected.

= How far is “far enough” to reject Hy?

The critical value of a test statistic creates a
“line in the sand” for decision making,

ll! .
i””” Errors in Decision Making

+ Typel Error
s Reject a true null hypothesis
« Considered a serious type of error
« The probability of a Type I Erroris o
= Called level of significance of the test
* Set by researcher in advance
« Typell Error
= Failure to reject false null hypothesis
» The probability of a Typs II Error is

Crp e

"1 " L.
'"”ng - The Test Statistic and
: Critical Values
Distribution of the test statistic
Region of Re:gio:? of
Rejection Rejestion
=8 A
™~ Ve
Critical Values
Chapsy
.1|["” ) —
' Level of Significance, a
Claim: The population w2 Stepresents:

mean age is 50.

" eritical vatue®
Hy: p=50
Hy: p # 50 Two-laif lest l:l:_z‘_l_:'éli?n .
0 regunis

shaided -

Hy: 1550 a -
Hy:p> 50 Upper-tail test

i)
Hg: g2 50 , i 2
H‘Z pe 50 Lowertail test @

(]

Eaap i

I”I
”“” Hypothesis Testing: o Known

For two tait test for the mean, o known:

» Convert sample statistic { X )} to test statistic

n

= Detennine the critical Z values for a specified
level of significance ¢ from a table or by using Excel

» Decision Rule; If the test statistic falls in the rejection
region, reject H, ; otherwise do not reject Hy

cap g




|

;;_ Hypothesis Testing: o Known

Hpp=3
« Thete are two Hi:p#3
cutoff values
{critécal values),
defining thte o2 a2
regions of
rejection 3 e
Rejoct 11, Do not rejost Hy, T Rejeut I,
-Z +Z
0 t
Lower Upper
critical eritica)
value value

Craprl

III[
"”!’ Hypothesis Testing: ¢ Known

Example: Test the claim that the true mean weight of
chocolate bars manufactured in a factory is 3 ounces,

= State the appropriate null and altemative hypotheses
« Hpp=3 Hpp#3 (Thisis atwo tailedtest)
+ Specify the desired level of significance
» Suppose that o = .05 is chosen for this tes
= Choose a sample size
» Suppose a sample of size n = 100 is selected

.n;”“

» Determine the appropriate technique
= o is known so this is a Z test
= Set up the critical values
» For o= .05 the critical Z values are £1.96
= Colject the data and compute the test statistic
* Suppose the sample results are
n=100, X=2.84
{o = 0.8 is assumed known from past company records)

So the test statistic is: Eon  284-3 -6
= e
&

| Hypothesis Testing: ¢ Known

Z

:i“
gl==

Chapnal

Cmap b4
l|||||” :
Hypothesis Testing: ¢ Known
= Is the test statistic in the rejection region?
a =052 =052
|
Reject Hy if Rapoct 5[ | Dot raject Hy | Roioctr;
Z=<-1.90r =11,96 0 +Z=+1.96
Z>1.96;
otherwise do
not reject H, Here, Z <J-1.96, so the test
statistic is 11 The refection region
Crap it

LR
"”Il Hypothesis Testing: o Known

» Reach a decision and interpret the result
= Since Z =-2,0<-1,96, you reject the null
hypothesis and conclude that there is sufficient
evidence that the mean weight of chocelate
bars is not equal to 3.

Crp T

6 Steps of Hypothesis Testing:
1. State the null hypothesis, Hy and state the
alternative hypotheses, H,
2. Choose the level of significance, «, and the sample
size .

* Hypothesis Testing: o Known

3. Determine the appropriate statistical technique and
the test statistic io use

4, Find the critical values and determine the rejection
region(s)

Crap ik




TS
”””i Hypothesis Testing: ¢ Known

5. Collect data and compute the test statistic from the
sample result

6. Compare the test statistic to the critical value to
determine whether the test statistic falls in the
region of rejection. Make the statistical decision:
Reject Hy if the test statistic falls in the rejection
region. Express the decision in the context of the
problem

craprir

zIE”"“ - Hypothesis Testing: o Known
- Confidence Interval Connections

» ForX=2.84, o= 0.8 and n= 100, the 95%
confidence interval is:

2,84 -(1.96)% to 2.84 +(1.96)70;§§a=
2.6832 < p<2.9968

= Since this interval does not contain the hypothesized
mean (3.0}, you rejecd the null hypothesis at o = .05

.||I||”” ~ Hypothesis Testing: o Known
: One Tail Tests

» In many cases, the alternative hypothesis
focuses on a particular direction

This is a lower-tail test since the

Ho: 23 ey aiternative hypothesis is focused on the

Hip<3 lower tail below the mean of 3

Hyeps3 This is an upper-tail test since the

Heuo> 3 ==* alternative hypothesis is focused on the
4

upper tail above the mean of 3

Crap 3l

"”“””“ Hypothesis Testing: o Known
Lower Tail Tests

= There is only one critical value, since the
rejection area is in only one tail.

Critical value

Crap sy

.|¥I}||l“ Hypothesis Testing: o Known
"~ Upper Tail Tests

» There is only one critical value, since the
rejection area is in only one tail.

2,
- h—
z Do et p R?Cn
X p T

Critical value

Craps3d

.:|]|||m Hypothesis Testing: o Known
-+ Upper Tail Test Example

A phone industry manager thinks that customer
monthly cell phone bills have increased, and now
average more than $52 per month. The company
wishes 1o test this claim. Past company records
indicate that the standard deviation is about $10.

Form hypothesis test;
Hy: p =52 the mean is less than or equal to than $52 per month
Hip>52  the mean is greater than $52 per month

{i.¢., sufficient evidence exists (o support the
manager’s claim)

Shp M
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Hypothesis Testing: o Known
Upper Tail Test Example

= Suppose that o = .10 is chosen for this test

= Find the rejection region:
Reject Hy

J-gr= 90
. o=,10

1
Domcirced It, Reject 11,
0 z

Chapsis

uﬂ]l”” Hypothesis Testing: o Known
‘Upper Tail Test Example

3 3 Stanrdard Normal Distribution
Whatis Z given =0,10? Table 4 {Portion}

.90 1 10 * Oy
“ o o8l
ar 86y
‘B438
23 By
a4 8gag
o844
25  -Bgha

Q 1.]2816

Critical Value
=1.28

&rap it

.||1|I””

Hypothesis Testing: o Known
Upper Tail Test Example

« Obtain sample and compute the test statistic.

= Suppose a sample is taken with the following
results: n=64, X=53.1 (c=10 was
assumed known from past company records)
= Then the test statistic is:

.1|I||“” Hypothesis Testing: o Known
Upper Tail Test Example

= Reach a decision and interpret the result:
Reject H,

I-a= 80
a=.1¢

2

g

0 1.28
Z=.88

Do not reject Hy since Z=0.88 < 1.28
i.e.: there is not sufficient evidence that the mean bill is greater than $52

Ml

L=—"u i e 0.88
In J6i
Hypothesis Testing:

o Unknown

= Ifthe population standard deviation is
unknown, you instead use the sample
standard deviation 3.

= Because of this change, you use the t
distribution instead of the Z distribution to
test the null hypothesis about the mean,

= All other steps, concepts, and conclusions are
the same.

Crap sl

Chaa i
| - . .
]||||”I Hypothesis Testing:
o Unknown
» Recall that the t test statistic with n-1
degrees of freedom is:
X
tn-] = —S-P'
Jn
Cnap b3




1 : P .
'"]”” Hypothesis Testing:
¢ Unknown Example
The mean cost of a hotel room in New York is said
to be $168 per night, A random sample of 25 hotels
resulted in X =$172.50 and S = 15.40. Test at the
o =0.05 level

{A stem-and-leaf display and a normal probability plot
indicate the data are approximately normally distributed )
Hy: p=168
Hy: p =168

Hy =1
Hyn#l

« x=005
= n=25

= g is unknown, s0
use a t statistic

= Critical Value:
tyy =% 2.064

Hypothesis Testing:

o Unknown Example

68

68 Determinethe regions of rejection

!

Rejoct 12, |
'tn-ma
-2.054 2.064

Do nof rrjoct 13,
o

t T Reoar 31,
o2

Chapa2

Hypothesis Testing:
¢ Unknown Example

[

X-p _ 172.50-168 _

o= g s
Ju V25

- ~1c2 i}
-2.064

Do not reject Hy: not sufficient evidence
that true mean cost is different from $168

Crapil

]




Two-Sample Tests for
Population Mean

Two Sample Tests Overview

Two Sample Tests

Examples:

Two Sample Tests

Goal: Test hypothesis or form
a confidence interval for the
difference between two
poputation means, Py — Mz

ay and o known

The point estimate for the
difference is

%, -%,

oy and g, unknown

Two-Sample Tests
Independent Populations

l—-| Usea Z-test statistic |

Use 5 to estimate unknown

o, usea“t teststatistic. . -

0, and o, Known

Assumptions:

» Samples are randomly and
independently drawn

oy and ¢, known

« Population distributions are
normal

oy and o, unknown

g, and o, Known

¢y and o, known r

oy and o; unknown |

When o, and o, are known and
both populations are normal or
both sample sizes are at least 30,
the test statistic is a Z-value...

...and the standard error of

H % i

2

2 .

o] 0,

Oy 5, = 422
TNy Sy




o, and o, Knhown

The test statistic for
[TASTPON -

oy and o, known r Z:(R1—Rz)—(111““2)

2 2
g g
1, Y

n,oon,

o and o, unknown

Two-Sample Tests
Independent Populations

Lower-tail test: Upper-tail test: - Twoail test:
Hg: 1y Z iy Hyi 1y S 1z Hy gy =1,
Hy by < e Hiipy> 1 He b #

ie., ie., i.e.,
Ho: by~ H220 Ho by — 1250 Hol gy —Hz =0
Hypy—4,<0 Hy: pty— 4> 0 Hip - #0

Two-Sample Testis
Independent Populations

Two Jridependenti Poplation; Comp
Lower-tail test: - Upper-tail test: Two-tail test:
Hiily =i 20 | | Hopy=p2s0-| | Heipy—1=0-
CH = Hp<0- He =1 >0 Hipgy — 1 #0
AN N\
] ]
-Z, z,

Reject Hy if Z. < -Z, Reject HyifZ> 2, Reject Hy i Z < -Z.
oHZ>Z.p

Worked Example 1
Twi ppes of ehueolate chips ane suiialiks for nse in decorating eakes. Phe melting points

ot thess vhocolals chips are inpartant. |t is kiown Bat g, » &, - LOOC . From a sandom
sple of stae =12 a0y = 15, weobiain £t =30 and 5 =207, The

takers witl use chocolane chip 13T its mean melling poit exveeds that of chocalule chip 2
oyl least 12707 Based on the amplz infermation. should the kohery ss¢ chocwlate elip
1 s e 20 U035 10 mighe the deaninn,

Higzct 12, e D0 it 1ot 14,

RN

PRI .
S

fe
PR O T S W T F 2 2 L) e
T R ¥

Fronm the ponuat distibution table, at e 003, 7 LbS

Y gdeama)
BR YA 0

Sand il

The valtre pi'the test staristic =z 5.36 is smaber (306 the oritical valug of =~
folls it e refustion roghon. As & resullowe rggert F1, 2tz 2005 Elierchine the smein
elting point el clvselae chip | divs nog sweeed chevokie uip 2 iy atfeast 127 . The
Ty Ahoukd ned use eltacatate chp L

g, and g, Unknown

Assumptions:

« Samples are randomly and
independently drawn

o, and o, known I = Populations are normally
distributed or both sample
sizes are at least 30

oy and o, unknown

= Population variances are
unknown but assumed equal




o, and o, Unknown

Forming interval
estimates:

= The population variances
are assumed equal, 50 use

{he two sample standard
L deviations and poot them to

o, and o, unknown r estimate o
= he test statistic is a t value

with {n; + n, = 2) degrees
of freedom

gy and o, known

o, and o, Unknown

The pooled standard
¢, and o, known | deviation is

* s, = .J(r_u 57 (=18,

oy and &, unknown r T
1= )

0, and o, Unknown
(continued}

The test statistic for
Pi—Hp S

; (21—?21—(us—u2)

82[-1_'5 'Jrl) -
\n Ny

Where t has (ny + ny;—2) d.f., and

o, and o, known i

@y and g5 unknown

2 _ (”1 "1)8‘2 +(n: "1)522

& = e 7, 1)

Pooled Variance t Test: Example

You are a financial analyst for a brokerage firm. Is there
a difference in dividend yield betwe__é_ri stocks listed on'the
NYSE & NASDAQ? You collect the following data: - -

NYSE NASDAG

Number
Sample mean
Sample std dev

Assuming both populations are approximately normal
with equal variances, is there a difference in average
yield (o = 0.08)?

Calculating the Test Statistic

The test statistic is:
o i=Xe)- oy -1) __(327-2563)-0

A1 1 1 _1_]
\/S“[n_1+n_2] \/1.5021[21+ 55

o 18+, - 08,7 _ (21- 11,307 + (25~ 11,167 _
S R o R e TR

Solution
Ho: By~ 12 =0 e (124= 1)

Reject Hy T Reject Hg
Hyt by - 1 # 0 L. (o # o) /\
i 025

o=0.05 025,

df=21+25.2=44 St 0 Z0Te
:2.040 I

Critical Values: t =% 2.0154

Test Statistic: Decision:
o271 2253 -[2:040] Reject Ho at o = 0.05
1 1 s
1.5021 [——+ —-—) Conclusion:
2125 There is evidence of a

difference in means.
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Chapter 9

11

Simple Linear Regression

T S ST Y TP TS PR T I

A Scatter Diagram is The Independent
a chart that portrays ; Variable provides
the relationship ! the basis for
betw.een two estimation.

variables. :

P T TP ST P PR IR A L

The Dependent Variable is the variable
being predicted or estimated.

1.2

GOALS
When you have completed this topie, you will be able
Ohie
Draw a scatter diagram,
TWO
Understand and interpret the terms dependent variable and
independent variable,
THREE
Calculate and interpret the coefficient of correlation and the
coefficient of determination.
FOUR
Caleulate the least squares regression line and interpret the slope

and intercept values.
Goals

R
S g%(]%x\,
& @{@ i

Also called the Pearsan’s
Product Moment
Correlation Coefficient

drtarmisanssereneresarnnrrvercasrrinssanast

Values close to (.0 indicate
weak correlation.

It can range from:
-1.00 to 1.00.

Senenvvnnanan,

r=1 indicates a perfect positive relationship
r=0 no relationship/independent
r=-1 indicates a perfect negative relationship

Freltion ATIS

‘ The Coeflicient of Carrelation,

[ S PR ST A e I = ]

3

I8

~
(=B S R P e - o

Perfect Pasitive Correlation




i3-7

(=Tl S R - - I -

139

Use calculator to ebtain this value. I

~
E- Rl S R VL I N L R = Y = ]

Strong Positive Correlation

t&}z&?"\g TR e
%?7% %&%&fé\ a0
W? i

{
enty h;@na

%&‘@%@@0 e

)i 0 5 e
e W 3
St RS &&SM‘%}% \smmmwm

It is the square of the coefficient of correlation.
It ranges from 0 to 1.

It does not give any information on the
direction of the relationship between the
variables.

Coefficient of Determination

131

Penerbit Universiti from UTeM is
concerned about the cost to
students of texthooks, He believes
there is a relationship between the
number of pages in the text and
the selling price of the book. To
provide insight inte the problem
he selects a sample of 8 textbooks
currently on sale in the bockstore.
Draw a scatter diagram, compute
the Correlation Coefficient & the
Coefficient of Determination.

HBook Page Price(RM) fi»
{ Infroduction to Statistics 500 84
Basic Algebra 700 75
Introduction to Psychology 800 99
Introduction fo Sociolegy 600 72
Business Management 400 69
Introduction to Biology 500 81
Fundamentals of Finance 600 63
Principles of Marketing 800 93

Example | continued




b Scatter Diagram of Nuriber of Pages and Seting Price of Text

n=2_8 2 XY =397,200

T X = 4900 ¥ x2 = 3,150,000
T Y =636 Y r2 = 51,606
ZH_[ZXZY]
n

ZXY-[—Z“;ZY]

)

2720 | £00620]

-3150000-((4900)38/ stos—[(“ﬁ)%ﬂ

=

I—=‘_._

It indicates 2 moderate positive relationship between
the number of pages & the selling price of the book.

F=00614 r%=0.377

" Thatis 37.7% of the total variationin |
the selling price of the book (Y)

is explained by the variation
in the number of pages of the book (X).

The balance of 62.3% is
the unexplained variation.

The least squares
principle is used to
determine the

The relationship
_ between the
variables is linear.

regression equation,

The Regression Equation

expresses the linear
relationship between

two variables.

Regression Analysis

318

here ;
¥' is the average predicted value of ¥ for any X, |

ﬁo is the Y-intercept.
It is the estimated ¥ value when X=0

ﬁl is the slope of the line, or the average
¢hange in ¥’ for each change of one unit in X




Bo=Y-p X
=]

> XY -

77

Regression Analysis

.20

Develop a Regression Equation for the
information given in Example 1 that can
be used to estimate the sclling price (Y)
based on the number of pages (X).

=8 Y XY = 397,200
Y X = 4900 ¥ x2 =3,150,000
T Y =636 Y ¥2 =51,606

Example | rovisited

[z x?- [_(Z XH)Z_H

197200 _[4990 (636)]
= - = (1.05143

3150000 —[(4900 )/H

Po=7Y - ﬂlX = 79.5—0.05143 (612.5) = 48

ﬁ:

Use calculator to obtain these values, l

ViEample | revisiied

312

The regression equation is:
Y'=48+ 005143 X

The slope of the line is 0.05143. It
means that each addition page
costs about 5 cents.

The equation crosses the ¥-axis at
RM4E or when X =0.
So, that means a book with o
pages would cost RIVI48, -

i Example | revisited

1322

We can use the

regression equation
to estimate values of ¥,

What is the estimated selling price for a
book that has 800 pages?

Price = RM48 + 0.05143 (Number of Pages)
= RM48 + 0.05143 (800)
= RM89.14

FEF IS

Interpolated
Estimate

is an estimation
made within the
given data range.

Extrapolated Estimate
is an estimation made

outside the given data
range.

Interpolated Estimate is always more
reliable than the
Extrapolated Estimate.

Types of Estimation




1316

Using the Regression Equation in Example 1, Below is the Extrapolated

compute Y when X = 1100 & X =550 Estimate.
The regression equation is: Price = RM48 + 0.05143 (Number of Pages)
y'=48 + 0.05143 X = RM48 + 0.05143 (1100)
= RM104.57
Price = RM48 + 0.05143 (Number of Pages)
= RM48 + 0.05143 (1100) Below is the Interpolated
= RM104.57 Estimate.
Price = RM48 + 0.05143 (Number of Pages) Price = RM48 + 0.05143 (Number of Pages)
= RM48 + 0.05143 (550) = RM48 + 0.05143 (550)
= RM76.29 = RM76.29

Example | revisited

< Epriple | revisited

1 H Book Page Price(RM) 2
Why X = 1100 is not a reliable estimate ntroduction to Statistics 500 84
v =yt . o
whereas X = 550 is more reliable? | Basic Algebra 00 75

i Introduction to Psychology 800 99

The minimum value of X is 400 pages &
the maximum value of X is 800 pages.

| Introduction to Sociology 600 72
| Business Management 400 69

Because, X = 1100 is oniside the given data ntroduction to Biology 500 81
range while X =550 is within the given data Fundamentals of Finance 600 63

range. - I .
| Principles of Marketing 800 93

Example 1 _continued

T Beample. T pevisited o |

1029 Lot Size Worker Hours T )
20 50
A company manufacturing machine parts would like to 20 55
develop a inodel to_estimate - fhe. nuniber of worker 30 73
hours required for production runs of varying lot sizes. 30 67
A random sample of 14 production rins is selected with 40 87
the following results. 40 95
50 108
a) Calculate the correlation coefficient & coefficient of 50 112
determination, 60 128
b) Determine the least square regression line, 61 135
¢) Estimate the worker hours for these lot sizes; 70 148
) 35 units & 100 units, 70 160
d) Which of the two estimates that is more reliable? gg }Zg




Sunflowers, a chain of women’s clothing stores, has improved its
market share over the past 25 years by increasing the number of
stores in the chain, As the director of special projects and
planning, you need to develop a strategic plan for opening
several. new stores. This plan must be able to forecast annual
sales for afl potential stores under consideration. You believe that
the sizc of the store is significantly related to its success and want
to incorporate this information in the decision-making process.
To estimate the refationship between the store size (sq. {t) and its
annual sales, a sample of 14 stores was selected.
#) Calculate -and interpret the corrclation coefficient &
coefficient of determination,
b) Determine the lenst square regression line,
c) Estimate the annual sales for these store sizes:

14 5. Tt & 6sq, ft
d) Which of the two estimates that is more relizble?

Store Sq. Ft, (*000) Annual Sales (8'000) 4.;
1 1.7 3.7
2 1.6 3.9
3 18 6.7
4 5.6 %5
5 1.3 3.4
6 2.2 5.6
7 13 3.7
8 i1 2.7
9 3.2 5.5
10 1.5 2.9
1 5.2 10.7
12 4.6 7.6
13 5.8 1.8
14 3.0 4.1




