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Fundamentals of Hypothesis
Testing:

One Sample Tests
Population Mean

| ]HH The Hypothesis

» A hypothesis is a claim (assumption} about a
population parameter;
= population mean

Example: The mean monthly cell phonz bill of this
city is p=8§52

Chip 1 Chep sl
W ll” _ 1:I|[|“
- The Null Hypothesis, Hy The Null Hypothesis, H,
= States the assumption {numerical) to be tested « Begin with the assumption that the null
Example: The mean number of TV sets in U.S. hypothesis is true
Homes is equal to three. = Similar to_llllw notion of innocent until
proven guilty
Hp:p=3 « It refers to the status quo
= [s always about a population parameter, not about = Always contains “=", “<" or “2" sign
a sample statistic. « May or may not be rejected
Sl Shap

III
ml” The Alternative Hypothesis, H,

« Is the opposite of the null hypothesis

» ¢.g., The mean number of TV sets in U.S.
homes is notequal to 3 (Hp:p#3)

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

.nilmm The Hypothesis Testing
Process

= Claim: The population mean age is 50.
* Hyn=50, Hy:u#50
= Sample the population and find sample mean.

Populalion




.ulillﬂll - The Test Statistic and
Critical Values

Distribution of the test statistic

Region of

Region of slon
Rejection

Rejection
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Critical Values
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lli
””l” Errors in Decision Making

* Typel Error
« Reject a true null hypothesis
« Considered a serious type of error
= The probability of a Type [ Ervor is o
+ Called tevel of significance of the test
= Set by researcher in advance
= Type Il Error
= Failure to reject false null hypothesis
» The probability of a Type Il Error is

,slllllméj Level of Significance, a

Claim: The population
mean age is 50.
Hg Y =50

af2 +Reprsents
/2
H1: p #50 Twotail test » 3

critical value
: An Do

Rejection
région is
! shaded
Hg:us50 | -
Hip>50  Upperailiest i
JHZ
ﬂ?: E < gg Lower-tail lest & $
0
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m”l Hypothesis Testing: 0 Known

For two tail test for the mean, ¢ known:

= Convert sample statistic ( X ) to test statistic

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

» Decision Rule: If the test statistic falls in the rejection
region, reject Hy 3 otherwise do not reject H,

coap3n

EIIE o
l”l” - Hypothesis Testing: o Known

Hy:p=3
« There are two Hy:p#£3
cutoff values
{critical values),
defining the o2 /2
regions of
rejection 3 X
Rejest Tly ! Darot rsject Ely T ety
-Z +Z
t ° t
Lower Upper
criticat critical
value value
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””m Hypothesis Testing: 0 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 alternative hypotheses
« Hpp=3 H;p#3 (Thisisaiwo tailed test)
= Specify the desired level of significance
« Suppose that « = .05 is chosen for this test
= Choose a sample size
+ Suppose a sample of size n = 100 is selected

Chap $11
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tlﬂl]} - Hypothesis Testing: o Known

« Determine the appropriate technique
« @ isknown so thisis a Z test

= Set up the critical values
= For o =05 the critical Z values are 1,96
» Collect the data and computie the test statistic
= Suppose the sample results are
n=100, X=2.84
(o=10.8 is assumed known from past company records)

So the test statistic is: X-p  284-3 16
z= w ==="=0
E 08 08
b e

Chez 13

I[ll
”“” Hypothesis Testing: o Known

=I5 the test statistic in the rejection region?

o =052 =052

Reject Hy if Rejecth| | Dot reject b Rejecthly
Z<-1,96 or -Z=[1,86 0 +Z=41.96
Z>196;

atherwise do

not reject Hy Here, Z <+-1.96, so the test

statistic is 1f The rejection region

rap S1k
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lll”l[ . 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 chocolate
bars is not equal to 3.

Cap i3
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”ml Hypothesis Testing: ¢ Known

6 Steps of Hypothesis Testing:

1. State the null hypothesis, H, and state the
alternative hypotheses, H,

2. Choose the level of significance, a, and the sample
size n.

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

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

Chap 116
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””“ . Hypothesis Testing: o 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 H, if the test statistic falls in the rejection
region. Express the decision in the context of the
problem

Ghap AT

nIII””l Hypothesis Testing: o Known
. Confidence Interval Connections

» For X =284, 6=0.8 and n=100,the 95%
confidence interval is:

2.84 -{1.96)

0.8 0.8
to 2.84 +{1.96) =
+100 ¢ )4100

2.6832 < n £2.9968

» Since this interval does not contain the hypothesized
mean {3.0), you reject the null hypothesis at a = .05

Crap b




.Iilillm 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

Houz3d . S
ey alternative hypothesis is focused on the
Hyip<3 lower tait below the mean of 3
Hyps3 This is an upper-tail test since the
Hep>3 s alternative hypothesis is focused on the
I

upper tail above the mean of 3

CraphTr

.#Il””! ~ Hypothesis Testing: o Known
Lower Tail Tests

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

:
o i

()
T

Reject Da et reject
-z I,

i

H
Critical value

uﬂ””lt Hypothesis Testing: o Known
~ Upper Tail Tests

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

Zz

Pt

Critical value
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Hy ty

#
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EIIE””“ 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 to test this claim. Past company records
indicate that the standard deviation is about $10.

Form hypothesis test:
Hg <52  the mean is less than or equal to than $52 per month
Hy: u>52 the mean is greater than $52 per month

(i.c., sufficient evidence exists to support the
manager’s claim)

,|i|||ml- Hypothesis Testing: ¢ Known
- Upper Tail Test Example

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

= Find the rejection region:
Reject Hy

Jex=.90

o=,10

]
Donot eject Wy 1 Hejest il
a Z

Chap

.||1||”H Hypothesis Testing: o Known

Upper Tail Test Example
Standard Normal Distribution
Whatis Z given o= 0.10? | Table 4 {Portion)

90 .10 » O

i 20 olf4

-2t -Bl6g

a3 -B8ag

23 rBouy

24 -Bgag

z o 1.12816 o
Critical Value :
©1.28 39 9OI%




.: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:
X-p _ 531-%2

zZ= = S 2 0.88

5 T

a””““ Hypothesis Testing: o Known
. Upper Tail Test Example

» Reach a decision and interpret the result:

Reject Hy
1-a= 90 0
. a= .10
—
1] I 1.28

Z=8%

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

||I|||”|._; Hypothesis Testing: ‘Hﬂ”!’; Hypothesis Testing:
- 0 Unknown ¢ Unknown
= [f'the population standard deviation is = Recall that the t test statistic with n-1
unknown, you instead use the sample degrees of freedom is:
standard deviation .
= Beeause of this change, you use the t X- i
distribution instead of the Z distribution to taa = —3
test the null hypothesis about the mean. ﬁ
= All other steps, concepis, and conelusions are
the same.

Crap W

b | . .
I||||“l - Hypothesis Testing:
o 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 afd S = 15.40. Test at the
a=0.05 level.

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

Crip +18

.uillm!" Hypothesis Testing:
o Unknown Example

Hyp:u=168
Hp:p# 168 Determine the regions of rejection
= a=0.05
= n=125
= g is unknown, s0
use a t statistic Y } p— } T
» Critical Value: thien fn1o2
thy =+ 2,064 -2.064 2,064

|
@
|




ﬂl!”m Hypothesis Testing:
- o Unknown Example

X-p _ 17250-168

[”:_T: 1"5140 =146
n 25
5 E
(] l tI
«t "7
e 9 148
-2.064 2.064

Do nof reject Hy: not sufficient evidence
that true mean cost is different from 5168

]




Two-Sample Tests for
Population Mean

Two Sample Tests Overview

Two Sample Tests

Two Sample Tests

ndent |, Goal: Test hypothesis or form
a confidence interval for the
difference between two
populaticn means, Yy —

Poputation Mearis

oy and oy known |

The point estimate for the
difference is

Xy =X

o4 and o, unknown I

Two-Sampie Tests
Independent Populations

% Independsnt | %
“Population Means.

o and o; known

: ':f;:l-——-]Usea Z test statistic

T and o unknGvin Use S to estimate unknown
-0y 8Nd. oz Unknow l"‘* o, use a t teststatistic

g; and o, Known

Assumplions:

» Samples are randomly and

% independently drawn
¢y and oy known F

= Pgpulation distributions are
o4 and o unknown l normal

o, and o, Known

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

...and the standard esror of
_X; - Yz is

2 2
g c
U?w?z = |—4+ 2
n, n,

L3
oy and o, known l

a4 and oy unknown ‘




o, and ¢, Known

The test statistic for
Hy=Hp IS

Two-Sample Tests
Independent Populations

[ T Indepandent Population; Comparing Means |

o and o, known J* Z=(?1—->_(2)—(I11—P2)

2 2
6y and oy unknowil T4 + O,
ng N

Lower-tait test: Upper-taif test: Two-tail test:
Hol by 2 12 Hol py S iz Ho: by = 1y
Hq: py < g Hyt > P2 Hy: g1y # 30

ie., ie., ie,

Hyl Utz 20 Ho: gy~ Uz 50 Ho:py—H2 =0

Hyipg =<0 Hyyy =12 >0 Hyp -1 #0

Two-Sample Tests
Independent Populations

omparing Mea

/6 Indeperident Fopulation.

Two-tail test:

Hp: pty =41, =0
Hy gy — 2 #0

Lower-tail test:

Ho pi— 120
Hy P —Hp <0

Upper-tail test.
Hy: Py — P2 50
Hip = >0

; ] T i
“Zg Zy Zap Zarz
Reject Hy if £ < -Z, RejectHyitZ > Z, Reject Hy if Z < -Zp
orL>Z.p

1
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g, and o, Unknown

. F?ppyz’lat_ionMea'né :

iindéperidernit Assumptions:

» Samples are randomly and
independently drawn

a; and o, known | = Paopulations are normally
distributed or both sample
sizes are at least 30

oy and o, unknown

= Population variances are
unknown but assumed equal




g, and ¢, Unknown

Forming interval
estimates;

The population variances
are assumed egual, 50 use
the two sample standard

% deviations and pool them to
estimate ¢

oy and g, Known |

oy and o, unknown |

the test statistic is a t value
with {ny + ny—2) degrees
of freedom

o, and g, Unknown

The pooled standard
deviation is

. \/(n,—ﬂSf«-(nz—ﬂSf

i {n, -1+ (n, 1)

oy and o, known

3
oy and o unknown '

o, and &, Unknown

{continued)
The test statistic for
Hi—Hy 08

t= (“21 _RZ)“”(M "'Uz)

a4 and o, known l \/82{1_ _1_1_}
P
; n, N,

oy and &, unknown r

Whera t has (ny + ny~2) df, and

5= (n| - 1)S|2 ""'{nz h 1)szz
T =+,

Pooled Variance t Test: Example

You are a financial anaiyst for a brokerage firm. s there
a difference in dividend yield between stocks lisied on the
MNYSE & NASDAQ? You collest the following data:

Number
Sample mean
Sample std dev

s
Assuming both populations are approximately normal
with equal variances, is there a difference in average
yield (o = 0.05)?

Calculating the Test Statistic

The test statistic is:

KX)o -)_ (027-258)-0 oo

o1, 1 1 ML]
\/S"(n_fn_z] J1.5021[21+25

o _ [0 -187 +(m, -8 (2111807 + (2510167 o
S (21-1)+(25-1) =1.5021

e {n,=1+(n, =1}

Solution

He: pty- 112 =0 i (W= 1)
Hyi gty -1, #0 ie. (g # Ug)

Rejectiy /\ Reject Hy

025, ; ;@
ZO95T 02013 §
2.040

‘Test Statistic: Degision:
1= __327-253 2_040| Reject Hy at « = 0.05

11
5021| oo
1.502 [214»25)

¢ = 0.05
df=21+25-2=44
Critical Values: t=x 2.0154

Conclusion:
There is evidence ofa
difference in means.
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SOLUTION 13
Before you respond to the test, calcutuze the foliowing summary
statistics. These statistics will be used in the subsequent
calculptions. The values for

the summary statistics fllows:

GROUP

1 2 3 Total
Sample size B & B 24
Mean 2 g 12 £1
IX 1 72 % 264
I 1,164 636 1,164 2,984

Step 1: Hypotheses

Ho! By= B2 = 4
H,: Not all means are equal
OR
Ho H G'f:, =,

2, 2
Hy: op®oy
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Step 20 Caloulale Teat Statistic
1 Three sum of equerca

{ex)?
- z 200
SST = EX* -5

Lo
- 2938-50
2,954 - 2,604
w80

T i
ok _fsx)
68 x n N

2 H 2 7
{%+H*ﬁ}j§

Degzrees of freedom

dfg =k-1
=31
="

dfw =N-k
=24-3
=23

dfr =N-1
=24-1
=23

[ [ 24
= 29522904
=48
SSW w S5T - $88
=80 - 48,
=2
3. Summary ANQVA table

Source S5 df M5 F
Between group 48 2 24 15.75
Within group 32 21 1.524
TOTAL 80 23

Step 3:

Step 4:

Step &

Determine critical vajue

F3(08)=23.49

Decision

Sines Foa ® Fouea
~ Reject the nuil hypothesis

Conclusion

Conclude that there is significant difference in
worker groups at .05 level of significance.
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Appendix A Tables

TABLE VI Critiral Valuas of t

m

t
Degrees of

Freodom L Fasa Fazs Faw £ ik tag £ i

1 3078 6.314 12706 31.R21 63657 318,31 636,62
2 1.886 2020 4303 6,965 9,928 22,530 31,598
3 1 438 2,353 3182 4.5 5841 10.213 12.924
i 1.533 2132 2770 3,747 4 G4 1173 B4610
& 147 2018 257 3,365 4032 5,803 6.869
] 1.444 1.943 2447 3.143 3707 5208 5,950
7 1.415 1.895 2.365 2998 3499 4,785 5408
] 1.397 1800 2306 2896 3355 4,501 5,041
9 1,343 1,833 2262 I8 3,250 4.207 4.781
i0 1,372 1Bi2 2.228 2.764 3169 4.144 4587
11 1.363 1.796 220l 2718 3108 4025 4,437
12 1,356 1.752 M 2681 30055 3.930 4318
i3 1.350 1.771 2.160 2,650 3012 3.852 4,221
14 148 1,761 2145 2524 2017 3787 4.140
i58 1.341 1.75% 2.131 2.602 2.947 3733 4,073
16 1.337 1.746 2120 2.583 2921 3686 4015
17 1.333 1.740 2110 2567 2508 3.646 3.963
14 1,330 1,734 2401 2.552 2878 R 16822
i9 t.328 1738 2,063 2.539 2.861 IA79 3,853
1] 1.325 1,728 2086 2,528 2845 3,552 3HE0
Zi 1,323 1.731 2,080 2518 2831 3527 1819
22 1.321 L7117 2074 2,508 Z.81Y 3,305 3792
23 1319 1,714 2089 2500 2.807 3485 3.767
4 1,318 1.7 2,064 2.492 27497 1467 3745
25 1.316 1R 2060 2485 2787 3.4350 3725
It 1315 1.706 2056 2479 2779 3438 3,707
il 1.314 1,703 2052 2473 237 3.421 3690
28 1.313 171 2.048 2467 2763 3408 1.6
il 1.311 1.699 2045 2402 2,756 339 3659
30 1310 1697 20432 2457 2.750 3,383 3616
40 1,303 1.684 2021 2423 2.704 3.307 3451
&0 1206 1.6¥ 2000 2,300 2,660 3,232 3460
120 1,289 1G58 1,980 2358 2617 3.160 3373
) 1.282 1,645 1,560 2326 2576 3.000 3201

Source: This 10l 18 reprodiesd with the kind permission of the Trustees of Biometelka from 12, 8. Pearson and T, O, Hartloy (eds).
The Blamenika Tables for Statbstletans, Vo, 1, 3d ed.. Blometrika, 1966,



APPENDIX A Statistical Tablos

TABLE NI
Arans undar tho
sipndard normal curve

socond decimal place i 2

oou  00e 00y oos opf 004 o3 o002 a0l o r
Qot 1 3.9
40001 00001 00001 00001 G000T OO0 00001 00001 00001 0.0001 | -3.8
00000 00001 00000 00001 00001 00001 00001 0.0001 00000 00001 | =37
0.0001 0.0001 0.0001 00001 00001 0.0001 0.0001 Q0001 00002 00002 | -3
00002 00002 00002 00002 00002 00002 00002 00003 00002 Q0002 | =3.5
00002 00003 (L0003 00003 G.0003 00003 Q0003 Q0003 00003 Q0003 | =34
0.0003 00004 00004 0.0004 (L0004 0.0004 0.0004 0.0005 0.0005 00005 | ~3.3
00005 00005 00008 00006 00006 00006 0.0006 00006 00007 0007 | ~3.2
00007 00007 00008 DOD0S 00008 00008 00009 00009 00009 0000 | -3.0
G0010 Q0010 00011 00011 00011 00012 00012 GO0 00013 Q003 | =30
0.0014 00014 00015 0.0MS 00016 00016 0.0017 (L0018 00018 00019 | -29
(.0019 00020 00021 00021 (L0022 00023 00023 00024 00025 00026 | =28
00026 00027 00028 00020 00030 0.0031 0.0032 0.0033 00034 00035 | 47
00036 0.0037 00038 00039 00040 00041 00043 0.0044 00045 00047 | -2.6
00048 0.0049 00051 00052 0.0054 0.0055 00057 G.0050 00060 0006% | 25
00064 0.0066 00068 00069 Q0071 Q0073 00075 00078 00080 00082 { 24
00084 0.0087 0.0089 0.0091 00094 0.0006 0.0099 0.0102 0.0H4 00107 | -23
00110 00113 00116 00119 00122 00125 00120 00132 00136 00139 | =22
00143 00146 050 0.0154 00188 00162 00166 Q0170 0.0174 Q0179 | ~27
00183 Q0188 00192 Q0197 00202 00207 (00212 00217 00222 00228 | «2.0
00233 002390 00244 00250 00286 00262 00268 (00274 00281 00387 | =19
D204 0.0301 D.0307 00314 00322 0.0329 0.0336 0.0344 00351 00359 | 1.8
00367 00375 00384 00392 0.0401 Q0409 00418 0.0427 00436 00446 | ~1.7
00455 00465 00475 00485 0.0495 00508 00516 00526 0.0537 00648 | ~1.6
(L0559 0.0571 00562 00594 0.0606 00818 0.0630 0.0643 00085 00668 | -15
00681 00694 00708 00721 00735 00749 0.0764 0.0778 00793 0.0808 | ~1.4
(0823 00838 00853 00869 00885 00901 00018 00934 G851 0098 | —~13
(.0985 0,1003 0.1020 00038 00056 01075 01003 01112 01131 01151 | 1.2
0170 0190 03210 01230 0,281 (L1271 41292 00314 00336 Q4357 | =11
01379 0.1407 031423 0446 00469 (01492 01618 0539 01562 0.1587 w0
(1611 01635 01660 0685 01711 01736 01762 01788 01814 0,184 «{.9
(.1867 0894 (0.1922 01949 0.1977 02005 02033 02061 Q2090 02119 | -08
02148 02177 02208 02236 02266 02296 02327 Q2358 02389 02420 | ~07
0.2451 02483 0.2514 02546 02578 0.2611 0.2643 02676 0.2709 02743 | -0.6
02776 02810 02843 02877 0292 02946 02981 03015 03050 Q3085 | 05
03121 031606 03192 03228 03364 03300 03336 03372 03409 046 | 04
0.3483 0.3520 03557 0.3594 (03632 03669 (3707 03745 03783 05821 | -03
(.3859 03897 0.39% 03974 04013 04052 04090 04129 04168 04207 | -0.2
04247 04286 04325 04364 04404 0.4443 04483 04522 (04562 04602 | -G
L4681 04721 04801 0.4840 04880 0,4920 04960 (3.0

0.4641

0.4761

0.5000

YPorg & —A80, e areis are 000 0 four dectimal places.



APPENDIX A  Statistical Tables

TABLE Il (cont.)
Aroag undar the

Second decinal place in 2
standard normal curve 7 Q00 001 002 003 004 D05 006 G0F 008 009

0.0 | 05000 05040 05080 05120 05160 05199 05239 05279 05319 (.5359
0.1 1 05398 05438 05478 05517 0.5557 05896 0.5636 05675 (.5714 05753
0.2 1 05793 05832 05871 05910 0.5948 (0.5987 06026 06064 056103 06141
.3 | 06179 06217 06255 0.6293 06331 06368 0.6406 0.6443 06450 06517
04 | 0.6554 06691 06628 0.6664 0.6700 0.6736 06772 0.6808 0.6844 0.6679

05 | 06915 06950 0.6985 07019 07054 07088 07123 07157 07190 0.7224
.0 (7257 07291 07324 (07357 07389 07433 02454 07486 07517 0.7549
0.7 1 07580 07611 07642 07673 07704 07734 07764 07794 (.7823 0.7852
0.8 | O7BBT 07910 07939 07967 0995 08023 0.8051 08078 08106 08133
2.9 | 08159 08186 08212 08238 0.8264 (8289 08315 08340 08365 (.8389

1.0 08413 0.8438 08461 OB485 08508 0.8531 0.8534 (.B577 (.8509 (.8621
1.1 | (8643 (86650 (.8pH6 ORV0B (L7209 (LR74D Q8770 08790 08810 0.8830
1.2 (L8849 (.BAGO (QBHEE (0.8007 (08935 (8944 08962 (LH9BO (LBY97 {05015
1.3 | 09032 09049 09066 09082 09099 09115 09131 09147 09162 09177
T4 1 09152 089207 05222 00236 09251 09365 09379 09392 09306 09319

L5 | 09332 09345 (09357 09370 08382 09394 09406 0.9418 09429 09441
16 | 09452 09463 09474 09484 0.9495 09505 (9515 09525 09535 0.9545
1.7 1 09554 09564 (8573 09582 09591 09599 (0.9608 09616 09625 09633
1. | 09641 09649 09656 09664 0.9671 09678 04686 09693 09699 0.9706
1A [ 08713 05719 0972 09732 09738 049744 09780 09766 09761 09767

| Q0772 09778 04783 Q9788 049793 09798 09803 09808 09812 09817
' 09821 09826 (9830 00834 0083H 09842 09846 00850 0.0854 (LeB57
2.2 09861 09864 0.9868 Q9871 (09875 (9878 (9881 009884 (UBHY D980
23 | 09693 09896 00808 00001 09904 09906 09909 09911 09918 09916
24 1 08918 08920 09927 (9925 09927 09929 (9031 09932 09934 0.9936

A1 09938 09940 Q9991 09943 09945 049946 09948 09949 (.995) (L9952
6 | 09953 (0955 (49956 04957 009950 09950 09961 09963 09963 049964
A7 1 084965 09966 09957 09968 09969 09970 09971 09972 089973 0.9974
8 | 00974 00975 09976 08977 08977 Q9978 09979 (0.9979 (.9980 09981
29 | 08981 Q4982 09982 00083 Q9984 04084 09985 0.9985 (O00H6 (L9986

3.0 | 08987 (09987 09987 09988 (9988 0.9989 0.9989 09989 08990 09990
A1 | 09990 09991 09991 09991 09992 09992 09902 09992 0.0993 0.5993
32 | 0.9993 09993 09994 09994 09994 09994 (19994 (09995 (9995 (.9995
A3 1 0.9095 09995 09995 09996 05996 09996 09996 0.9996 0.9996 09997
34 | 09997 (.9497 09997 09997 08997 0.9997 09997 0.9997 00,9997 (9998

35 | 009998 045998 09998 09998 00908 Q0998 DUOOR (09998 09998 (.9998
36 | Q9998 09995 (00999 (00999 (09999 (09999 (0999 (0409 (9999 (.9999
37 09999 (04999 (.9999 0.9909 (L0009 (0009 (9909 (0.9990 09999 (.9999
3.8 Gousl (09999 (9999 (9990 (0090 0.9099 (.9999 09999 09999 (09999
3.9 1.0000!

*Forz z 3,90, the arcaw are 1.0000 to four decimal places,
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Control Charts for Variables

EBB 341 Quality Control

l Vatiation

a There is no two natural items in any category
are the same.

= Variation may be quite large or very small,

= If variation very small, it may appear that
items are identical, but precision instruments
will show differences.

l Soutce of variation

e Equipment
o Tool wear, machine vibration, ...
» Material
w Raw material quality
n Environment
o Temperature, pressure, humadity
» Operator
o Operator performs- physical & emotionaf

Control Chart Viewpoint

n Variation due to
o Common or chance causes
o Assignable causes

= Control chart may be used to discover
“assignable causes”

| Some Terms

= Run chart - without any upper/lower
limits

n Specification/tolerance limits - not
statistical

s Control imifs - statistical

| Control chatt functions

= Control charts are powerful aids to
understanding the performance of a process
over time.

Input

Cutput
PROCESS '

What's causing variability?

StatisticsQuality Basics
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| Control chatts identify vatiation

» Chance causes - "common cause”

o inherent to the process or random and not
controllable

o if only common cause present, the process is
considered stable or “in control”

» Assignable causes - "special cause”
o variation due to outside influences
o if present, the process is "out of control”

l Control charts help us learn more about
processes

= Separate common and special causes of
variation

» Determine whether a process is in a state of
statistical control or out-of-control

a Estimate the process parameters (mean,
variation) and assess the performance of a
progess or its capability

I Control charts to monitot processes

= To monitor output, we use a control chart
o we check things like the mean, range, standard
deviation
» To monitor a process, we typically use two
control charts
o mean (or some other central tendency measure)

o variation {typically using range or standard
deviation)

| Types of Data

n Variable data

0 Product characteristic that can be measured
u Length, size, weight, height, time, velocity

s Aftribute data

o Product characteristic evaluated with a discrete
choice

- Goodibad, yesino

! Control chart for variables

m Variables are the measurable
characteristics of a product or service.

e Measurement data is taken and
arrayed on charts.

Control charts for variables

a X-bar chart
o In this chart the sample mreans are plotted in order to
control the mean value of a variable {e.g., size of piston
rings, strength of materials, etc.).
= R chart
o In this chart, the sample ranges are plotted in order to
control the variability of a variable.
e Schart
o In this chart, the sample standard deviations are plotted
in order to control the variability of a variable.
» S2chart

o ¥ this chart, the sample variancesare plotted in order
to control the variability of a variable,

StatisticsQuality Basics
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| X-bar and R charts

= The X- bar chart is developed from the
average of each subgroup data.
a used to detect changes in the mean between
subgroups.
« The R- chart is developed from the ranges of
each subgroup data

u used to detect changes in variation within
subgroups

| Control chart components

= Centerline
a shows where the process average is centered or
the central tendency of the data
n Upper control limit (UCL) and Lower control
limit (LCL)
a describes ihe process spread

| The Control Chart Method

X bar Controf Chart:

UCL = XDmean + A2 x Rmean
LCL = XDmean - A2 x Rmean
CL = XDmean

R Control Chart:

UCL = D4 x Rmean

LCL = D3 x Rmean

CL = Rmean

Capability Study:

PCR = (USL - LSL)/(6s); where s = Rmean /d2

| Control Chart Examples

@ ucL

2 .

® Nominal
£™

g LCL

Sample number

How to develop a control chart?

Define the problem

n Use other quality tools to help determine the
general problem that's occurring and the
process that's suspected of causing it.

Select a quality characteristic to be measured

e Identify a characteristic to study - for
example, part length or any other variable
affecting performance.

StatisticsQuality Basics
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n Choose homogeneous subgroups

same time.

for difference with a group.

| Choose 2 subgroup size to be sampled

o Homogeneous subgroups are produced under the
same conditions, by the same machine, the same
operator, the same mold, at approximately the

= Try to maximize chance to detect differences
between subgroups, while minimizing chance

I Collect the data

» Generally, collect 20-25 subgroups {100 total
samples) before calculating the control limits.

s Each time a subgroup of sample sizenis
taken, an average is calculated for the
subgroup and plotted on the control chart.

| Determine trial centetline

a The centerline should be the population
mean, |t

X

= Since it is unknown, we use X Double bar, or
the grand average of the subgroup averages.

I Determine trial control limits - Xbat
chart

n The normal curve displays the distribution of
the sample averages.

» A control chart is a time-dependent pictorial
representation of a normal curve.
= Processes that are considered under control

will have 99.73% of their graphed averages
fall within 6o.

[UCL & LCL calculation

UCL =X +30
LCL = X - 30

o = standard deviation

StatisticsQuality Basics

| Determining an alternative value for
the standard deviation

n

S R,

R_= i=1

m
UCL = X + A,R
ICL = X - A ,R
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Determine trial control limits - R chart

s The range chart shows the spread or
dispersion of the individual samples within
the subgroup.

o Ifthe product shows a wide spread, then the
individuals within the subgroup are not similar to
each other.

o Equal averages can be deceiving.
» Calculated similar to x-bar charts;
o Use D; and D, (appendix 2)

Example: Control Charts for Variable Data
Slip Ring Diameter {cm) _
Sample b 2 3 4 5 X R

1 502 501 494 499 495 ;493 008
501 5.03 507 495 4.9 | 500 012
499 500 493 492 490 | 497 008
503 491 501 498 489 | 496 014
495 492 503 505 501 |499 013
497 506 506 49 503 | 501 010
505 501 510 496 499 | 502 014
509 6.10 500 4.99 508 | 505 0.11
514 510 499 508 5069 | 508 015
501 498 508 507 489 | 503 0.10

O W oe DN RN

-

50.08 1.156

| Calculation

From Table above:

s Sigma X-bar = 50.09

e SigmaR=1.15

am=10

Thus;

a X-Double bar = 50.09/10=5.009 cm
a R-bar=1.15M10= 0.115cm

Note: The control limits are cnly preliminary with 10 samples.

It is desirable to have at least 25 samples.

| Trial control limit

= UCL, ., = X-D bar + A; R-bar = 5.009 +
(0.577)(0.115) = 5.075 cm

e LCL, p, = XD bar - A; R-bar = 5.009 -
(0.577)(0.115) = 4.943 cm

s UCL, = D,R-bar = (2.114)(0.115) =
0.243 cm
a LCLy = DyR-bar = (0)(0.115) = 0 cm
For A;, D;, Dy: see Table B, Appendix[ n=5 ]

3-8Sigma Control Chart Factors

Sample size X-chart R-chart

n Az D, D,

2 1.88 0 3.27
3 1.02 0 2.57
4 0.73 0 2.28
5 0.58 0 211
3] 0.48 4] 280
7 0.42 0.08 1.92
8 0.37 0.14 1.86

I X-bar Chart

5.10
5.08 »

5.04
5.02

X bar

500 rad " cL
498 L ’ g

.
498 4 Let

A4.84

o 1 2 3 4 S5 & 7 & @8 W0 M
Subgroup
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|R Chart

0.25 4 ucL

.20 1

9,10 4 / \./ e k3

.05 1

Range

0.60 v T T T 5 v T
g 1 2 3 4 65 6 7 8 95 10 1

Run Chart (7

Jess
= e
g 645
LE)
g Pt 4
630
a 5 10 15 % ]
Subgroup numbes
(=1
&1
625
% 22
g 218
a1
o005
L
L L] o 15 n 2%
Subgreup number

l Revise the charts

» |n certain cases, control limits are revised
because:
o out-of-control points were included in the
calculation of the control limits.
o the process is in-control but the within
subgroup variation significantly
improves.

| Revising the charts

u Interpret the original charts
m [solate the causes
n Take corrective action

s Revise the chart

a Only remaove points for which you can determine an
assignable cause

] Process in Control

s When a process is in control, there occurs a
natural pattern of vartation.
= Natural pattern has:

o About 34% of the plotted point in an imaginary
band between 15 on both side CL.

a About 13.5% in an imaginary band befween 1o
and 2¢ on both side CL.

o About 2.5% of the plotted point in an imaginary
band between 2¢ and 3o on both side CL.

] The Normal
Distribution

o = Standard deviation

95.44%

'3[’ r'1Fssze%F T ru

ust. 99.74%

LSL

sflevevene

-3¢ +30

1)
=

StatisticsQuality Basics
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l Process Out of Control

Parcentage of Cases
Unoer Poitions
of the Nomai Cuve

s The term out of control is a change in the
process due to an assignable cause.

T 1350% | 34.13% | 34.19% © 13.59% . e When a point (subgroup value) falls cutside
T e a6 ste 2 <o its controi limits, the process is out of control.

3% 244%

34,13% of data lie between p and 10 above ihe mean ().
34,13% between p and 1o below the mean.

Approximately two-thirds (68.28 %) wilhin 1o of the mean.
13,59% of he data lie between one and two standard devialions
Finatly, almost all of the data (89.74%} are wilhin 3o of the mean.

| Assignable Causes | Assignable Causes

Average {a) Mean Average
(b) Spread

Grams

Assignable Causes Control Charts  2ssignable

causes
likely
Average \°

csere AA
\\

A Nominal
\0 e .

= LCL
N "
Grams q 2 3
Samples

StatisticsQuality Basics 7
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| Control Chart Examples | Achieve the purpose
« Our goal is to decrease the variation inherent
in a process over time.
g ucL » As we improve the process, the spread of the
H Nominal data wilt continue to decrease.
g il . . ”
S LCL » Quality improveslt
Sample number
| Improvement | Examine the process
OtofCodl  © InCortl
o P Process Improvtment = A process is considered to be stable and
el : 2 hoed Vurel L in a state of control, or under control,
: N\ when the performance of the process

2 B2 a_ A
AR AV

falls within the statistically calculated
e 1L

contro] limits and exhibits only chance, or
common causes.

Time
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