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Preliminaries

One of the most important questions asked of statisticians is:

“How much data do I need?”

In general:
1. More data is better than less data (from a statistical perspective).

2. On the other hand, more data costs more money and takes

longer to collect.

3. The information gained by each additional data value decreases

as the sample size increases.

4. All data are not created equal.
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Statgraphics Procedures

Sample size determination procedures are available for:
1. Estimating or testing a singlc population parameter
2. Comparing estimates from 2 or more samples

3. Estimating capability indices

4. Constructing control charts

5. Developing statistical tolerance limits

6. Creating a screening experiment

7. Dcvcloping an acceptance sampling plan
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Two Basic Methods for Determining
Sample Size

Method #1: based on the parameter to be estimated, find a
sample size n such that the margin of error for the estimate is
acceptably small.

Method #2: based on a statistical test to be performed, find a
sample size n such that the power of the test against a specific
alternative hypothesis is acceptably large.
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Example #1 - estimating a population
proportion using the margin of error method

Suppose we wish to estimate the proportion of voters p who would
select Mitt Romney over Barack Obama in a head-to-head election

for U.S. president. We could ask that the sample size n be large

enough so that the 95% confidence interval for p is no wider than:

p+0.03
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Tools - Sample Size Determination - One

Sample

¢ Select the parameter to be

estimated.

® Specified the expected value

of the parameter.

Sample-Size Determination
Parameter Ok

==l
" Momal Mean m

" MNomal Sigma

Help
& Binomial Proportion

" Paizson Rate

T

Hypothesized Proportion:

1
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Second Dialog Box

(] SpeCIfy the desired W]dth Sample-Size Determination Options ==l
. . Contral
of the confidence interval
¥ Absolute Ermror . |
and the level of confidence. ~fom _ Cancel |
" Relative Eror Help
[mo |
™ Power
® “Alternative hypothesis” D
controls whether a two- et
sided confidence interval " Sampls Size
20
or a one-sided confidence
. Confidence Level Alterative Hypathesis Sigma
bound will be constructed. Eo, | @ Motk -
" Less Than @
" Greater Than
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Solution:

Sample-Size Determination EI@
Sample-Size Determination p.

Parameter to be estimated: binomial parameter
Desired tolerance: +- 0.03 when proportion =05
Confidence level 95.0%

The required sample size is n=10%3 obzervations.

The StatAdvisor
This procedure detenmines the satnple sige required when estimating the proportion of a binomial distnbution. 1098
observations are required to estimate theta to within +/-0.03 (assurning theta is around 0.5) with 95.0% confidence.
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Example #2 - comparing two means using

the power method

Suppose we wish to compare a new pI‘OCCSS to an old process, ‘We

intend to obtain n; measurements from the new process and n,

measurements from the old process. We wish to be 90% certain

that we will obtain a statistically significant result if the mean of

the new process is at least 20% larger than the mean of the old

pI‘OCGSS.

Null hypothesis: p . < L4

Alternative hypothesis: W ., > Moy

We desire large enough samples such that the probability of rejecting

the null hypothesis is at least 0.9 when W, /1,4 =1.2.
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Tools - Sample Size Determination - Two or

More Samples

® Specify the parameters to be
compared.

® Specify the difference
indicated by the null
hypothesis.

® Enter assumed means and
common with-in group
standard deviation.

* Enter percent of data in the

first sample (usually 50%).

Sample-Size Determination (Compare) ==
@ Two Momal Means B
" T Momal Sigmas
Help
" Twao Binom opartions
" Twno Poisson Rates
" Several Nomal Means
Hypathesized Difference: Hupothesized Within-Group Sigmas:
00 5.0
Hypathesized i
0.0 1.0
05 B
Percent of Data in First S ample;
50.0 %

TECHNOLOGIES, INC.

~

1/18/2012



\
Second Dialog Box

° SpeCIfy power (probablhty of Sample-Size Determination Options
rejecting the null hypothesis). Fontel oK
J g yp ) " Absolute Eror

:

* Specify the difference to detect

& Help

S
o |
Cancel
[ B |

(alternative hypothesis).

10.0
. . ' Power
e Specify confidence level as 1-at.
P y 90.0 o
e Select a two-sided or one-sided Difference to Detect

|

E.0
test.

(" Sample Size

ﬂ

® Indicate whether sigma is

known (will use z instead of't). Confidence Level, [ “1EM3ve Hypothesis Here
95.0 o " Mot Equal {* TaoBe Estimated
" Less Than " Known

(¥ Greater Than
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Solution:

Sample-Size Determination E@
Sample-Size Determination

Parameter to be estinated: difference between two normal means
Desired power: $0.0% for difference = 0.0 versus difference = 6.0
Type of alternative: greater than

Alpha risk: 5.09%

Sigma: 5.0 (to be estimated)

The required sample size 15 13 observations from sample 1 and 12 observations from sample 2

The StatAdvisor

This procedure determines the sample size required when comparing the means of two normal distributions.  Assuming that
the standard deviations of the normal distributions ecual 5.0, 13 ohservations are required in sample 1 and 13 i sarnple 2
to hav‘e a 30.0% chance of rejecting the hypothesis that mul-mu2=0.0 when the true mul-mu2=6.0 (using a one-sided
test)
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Power Curve

Power Curve
alpha = 0.05, sigma = 5.0, n1=13, n2=13

o o o
n - ]

Power (1 - beta)

o
[X)

True Difference Between Means

Example #3: Capability Indices

A capability index measures how “capable” a process is of

meeting established specification limits.

A popular index is

C,, = min(’u_ LSL , USL—,uj
3o 30

Often, a process is deemed “capable”if C,, 2 1.33
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Tools - Sample Size Determination -

Capability Indices

e Select the index to be

estimated.

o Specify the expected

value of the index.

\

® Indicate the desired
relative error (distance
from estimated Cpk to its

lower confidence bound).

Sample Size Determination (Capability Indices) [
Index
oK
i ok |
* Cpk Cancel
-~
Chm Help
E stimated index: tean minus target:
1.33 1.0 sigma
Relative emar: Confidence Level:
10,0 k4 95.0 k4
STATPOINT
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Solution:

Lower 95.0% Confidence Bound for Cpk

n =154

Capability index

Estimate

| E —— Estimate
‘17 — Bound
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Example #4: Control Charts

For control charts based on grouped data (such as taking k samples
from repeated batches and constructing X-bar and R charts),

determines a suitable value for the group size k.

Null hypothesis: process mean = target value

Alt. hypothesis: process mean = target value + A

The value of k is based on the average run length (ARL), which is the
average number of batches that will need to be inspected before
getting an out-of-control signal if the mean shifts from the null

hypothesis to the alternative.
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Tools - Sample Size Determination -

CO n t rO I C h a rtS Control Chart Design Options =
Type of Chart
& we-bar  Cumulative sum [H-K)
" Maving average P ornP chart

® Select type of chart — € Corotat

" Cumulative sum (V-mask)

Process Parameters Control Limits
g
00 Upper and lower

* Enter in-control process RESEDEES £ Upperonl
Process signar 5.0 £ Lower o

Design Aequirements

Target mean: 360

(* Desied ARL: |20

* Enter target out-of- 2 i

mean and sigma

Hold
control mean & Cortol ks st [F7 " sama

" Incontrol ARL at |370.4
" False alarm rate st |0.27 %

® Enter desired ARL at the [ ] coee | heo |

target mean
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ARL Curvefork=7

ARL Curve
ARL = 2.76568 at 35.0

400
[ Mean=30.0
Sigma=5.0

300L Size=7

o
@ 200 -
<L

100[-;

True Mean

Example #5: Statistical Tolerance
Limits

Statistical tolerance limits bound a specified proportion of a

population at a specified level of confidence.

Suppose I wish to demonstrate that I am 95% confident that at
least 99% of measurements obtained from items [ am

producing will fall within my specification limits.

I could ask for a sufficiently large sample size n such that the
expected width of my tolerance interval is no more than 50%
of the distance between the specification limits.
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Tools - Sample Size Determination -
Statistical Tolerance Limits

Select assumed distribution

Sample Size Determination - Statistical Tolerance Limits

Distribution
Specify parameters " o e
.. [s0.0 [s.0
Select type of limits —
Mean Sigma; Threshald:
Enter confidence level and EH [fo8 [
7 Wweibull
O ulation TO Ortion Shape: Scale: Threshold:
p p p p [5o [so.0 [oo

" MNonparametric

Enter specification limits

OK

Help

5
Lok |
Cancl
[

Type of Linits Confidence Level  Population Proportion
Enter allowance S TP =T
. " Lower limit only
(percentage of dlStal’lCG © Ut Lower Spec. Limi: Uppes Spec. Limit: Allowance:
pperimi oy [200 [eo0 T %
between spec limits)
STATPOINT
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Solution:

Sample Size Determination (Statistical Tolerance Intervals)

= e s

Sample Size Determination (Statistical Tolerance Intervals)

|C’cmf. Level |Pop. Fercentage ‘D:smbunan ‘Mean ‘Sﬁd’. dev. |Lawer spec. ‘
[95.0% [99.0% [ Mosmal 500 [50 [20.0 |

Lpper apec.
50.0%

The required sample size 15 76

|Lower toferance Hwii ‘ Upper talerance limit |K—factar ‘

|35.0055 [64.5945 |2 50888 |

The StatAdvisor

ecuired to create a 95.0% tolerance interval for 89 0% of the population which is entirely within the specification limits,

Given a sarnple from a normal distribution with a mean ecqual to 50.0 and a standard deviation equal to 5.0, 76 items are
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Tolerance Plot

Normal Distribution
Mean=50.0, Std. dev.=5.0

0.08 [T T T T T T L]
0.06 - ]
0.04 ]

0.02|- ]

Example #6 - Screening Designs

A screening design is a statistically designed experiment in
which many factors are varied with the goal of
identifying the factors that have the biggest impact on a

response variable.

Most common screening designs contain:
* Experiments at 2 levels of each factor (low and high).

* Additional experiments at a central level of all of the

factors.
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Tools - Sample Size Determination -

Screening Designs

Select the type of designs to
be considered.

Specify the maximum runs

per block.

Specify the minimum

centerpoints per block.

Enter the assumed sigma for

the experimental error.

\

Screening Design Selection

F o

Number of Factors:

Designs to Consider

¥ Full 2-level factorials

v Resolution '+ fractional factoriak:
¥ Resolution ¥ fractional factorials

¥ Resolution 1V fractional factorials
I Resolution lll fractional factorials
¥ Resolution ~V inegular fractiors

¥ Resolution ~1 imegular fractions
¥ Resolution Y mixed level fractions
¥ Resolution *V miked level fractions
¥ Resolution ~1¥ mixed level fractions
¥ Plackett-Burman resalution V'

¥ Plackett-Burman resolution IV

I™ Plackett-Buman resolution |11

I aimum runs per block:
imimunn centerpoints per block: |0
Ewxperimental enor sigma: |1.0

(=)
Cancel
_te |

Help

STATPOINT
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Second Dialog Box

® Specify either the margin
of error for estimated
effects or the power of t-
tests against an effect of a

given magnitude.

o “Effect” is defined as the
change in the response as

a factor is moved from its

low level to its high level.

Screening Design Selection Options ==
Specify
" Absolute Error
"I.D— Cancel
" Relative Emor Help
30
& Power
30.0 P
Effect to Detect:
20
" Tatal Mumber of Runs
B
Confidence Lewvel:
950 %
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Output

Output shows selected designs that meet the specified

requirements.

Screening Design Selection @
Screening Design Selection

Iput

Wember of | Min Cenferpoints | Mas, Runs | Exp. Brror | Desived |Target | Confidence

Factors | per Block per Block | Sigma Fower | Efect | Level

5 i} 10 90.0% 20 95.0%

Selected Designs

Corner | Center | Brror

Design Fums |Resol |Foints |Fonts |DF  |Reps |Blocks |Fower (%)

Factotial 275 32 V+ 32 i} 16 1 1 90863

Half fraction 275-1 pr) v 18 & [ 1 1 914633

Half fraction in 2 blocks 2 Iy 18 & [ 1 1 914633

Liregular fraction 275*3/8 24 ~IV 24 1} 13 2 1 99.1553

Mixed lewel fraction 3%204-1 24 ~¥ 16 1} 7 1 1 027197

Mixed level fraction 342742 24 ~IV 16 1} 13 2 1 05,5635
The SiatAdvisor
The table shows 6 experimental designs which have at least a 30.0% chance of detecting an effect of magnitude 2.0

4 I 3
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Power Curve

Power Curve

100

80

60

40

Power (1 - beta)

20

True Effect — Factorial 2°5

— Half fraction 2*5-1

— Half fraction in 2 blocks
— Irregular fraction 2*5*3/8
— Mixed level fraction 3'2*4-1
— Mixed level fraction 3'2%4-2
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Example #7 - Acceptance Sampling

Sample n items from a lot of size N. Based on the sample,

either accept or reject the lot.

Case #1 (attributes): Inspect each item and classify it as
good or bad. If the number of bad items is less than or
equal to c, accept the lot.

Case #2 (variables): Measure each item. If the mean of the
n items is far enough from the nearest specification limit,

accept the lot.
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Formulation

1. Null hypothesis: The lot is good: % defective items < AQL
(acceptable quality limit)

Alt. hypothesis: The lot is bad: % defective items 2 LTPD
(lot tolerance percent defective)

N

® Producer’s risk oi: probability of rejecting a good lot

* Consumer’s risk B: probability of accepting a bad lot

STATPOINT
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SPC - Acceptance Sampling - Attributes

Acceptance Sampling - Attributes (=3
Action Quality Lewvels
* Create OC plan Acceptable quality level [A0L):
" Create AQGL plan 1.0 b4
" Create LTPD plan Lot tolerance percent defective [LTPD]:
" Analyze existing plan e 4
Lat size:

10000

Desired Features
Producer's risk [alphal:
5.0 P

Consumer's risk. [beta)

50 P
0K Cancel | Help

\

/

Solution - accept lot if after inspecting 473 items, no more than 8
items are defective.

Operating Characteristic (OC) Curve
n=473, ¢=8

Prob. of acceptance

True percent defective

~

1/18/2012
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SPC - Acceptance Sampling - Variables

Acceptance Sampling - Variables
Actioh
* Create OC plan
" Create ADQL plan
" Create LTPD plan

" Analyze existing plan

Lot size:

10000

Desired Features

Producer's rizk [alpha]:

50 %

Consumer's risk [beta]:

RO %
=]

=]
Quality Levelz
Acceptable quality level [ADL):

10 %

Lot tolerance percent defective (LTPD]:

e

Process Sigma
(* Aszume known value

b

" Use sample estimate

—
o

Cancel | Help

\

/

Solution - accept lot if after measuring 55 items, the sample mean is
no closer than 2.10259 standard deviations to the nearest spec limit.

Operating Characteristic (OC) Curve
n=55, k=2.10259

o o o
IS i) [

Prob. of acceptance

o
[

0 1 2
True percent defective

3 4 5 6

~
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More Information

Go to www. statgraphics.com

Or send e-mail to info@statgraphics.com
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