
Vol. 6, No. 1 Page 1

Some Sample Size Questions and Answers                    (Don Holmes)

Questions about sample size required to achieve some desired level of accuracy arise very often. There
are a rather wide variety of these questions.  Examples include (you may have others - let us know):
 Question # 1: How large a sample do I need to estimate the average value of my process?
 Question # 2: What sample size do I need to decide whether or not to accept a lot?

Question # 3: How large a sample do I need from a lot generated by a multiple stream process to be
confident that the sample includes an item from each stream?

I’ll discuss these sample size questions (and others, if you send them) in separate QC Reports. Question
#1 was discussed in December ‘96 QC Report. Please call Stochos if you would like to obtain a copy.

Several Definit ions:
n = Sample size
µµµµ = Process average - a measure of process center

X = sample estimate of process average is defined as:         
X = Sum (x)/n   example: data x’s 1, 2, 3, 4, 5

           X = (1 + 2 + 3 + 4 + 5)/5 = 3
σ σ σ σ (Sigma) = Process standard deviation - a measure of

process variability
Sample estimate of process standard deviation is defined as:
s = Square root (Sum ( (x - X )^2) / (n-1) )
     example: data x  1, 2, 3, 4, 5   X =3
      x - X              -2,-1, 0, 1, 2
     (x - X )^2         4, 1, 0, 1, 4  sum ( (x - X )^2) = 10
    sample standard deviation = Sqr (10/4) = 1.58
Z(x) = The number of standard deviations an x value is

from the average.
Z(x) = (x-µ)/σ  example: mu = 50, sigma = 2, x = 53

z (53) = (53 - 50)/2 = 1.5 (53 is one and one half
standard deviations away from 50)

For a Normal curve, 99.7% of the X’s are within 3
standard deviations of the average, 95% are within
2 standard deviations etc. So Z = 2 is associated
with “95% confidence”. Other confidence
percentages can be found in textbooks on statistics
or using Custom/QC’s Frequency Curve module.
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Now available for Microsoft WindowsTM

See page 3 for Details

SLED: Sequence Leveled Experimental Design
A Complete, Coordinated Package

FEATURES
Designs of Multi-Factor Statistical Experiments
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Start the New Year Right!
!

Reduce Costs and Improve Quality

For Microsoft WindowsTM
                                 

                                                
NEW
Introductory Sale Prices Available

              SS ee ee   pp aa gg ee   22   ff oo rr   mm oo rr ee   dd ee tt aa ii ll ss



Vol. 6, No. 1 Page 2

Microsoft WindowsTM Version of SEQUENCE-LEVELED EXPERIMENTAL DESIGN

"You should use a Plackett-Burman OR Fisher-Yates OR Taguchi OR Latin Square OR Greco-Latin Square OR etc., etc."

These are the ANSWERS! ................................................................................ BUT, what is the QUESTION?

Question: Can you help me identify which factors under my control (e.g. temperature, pressure, viscosity) have major impact
on my response variable (e.g. yield of my process, cost of production, tensile strength, green density)?

Yes, we can design several experiments for you that will enable you to determine which of the factors have the major impact on
your response variable. And, the designs will identify all two-factor interactions as well.  As for the name to attach to the
experiment, we'll just leave that to you.

Stochos is proud to announce the release of a Windows version of C.W. Carter's Sequence-Leveled Experimental Design
(SLED) suite of programs.  For detailed information on the SLED approach, please see QUALITY ENGINEERING, Volume
8, Numbers 1-4.   We’ll just give you an overview here.

SLED consists of five (5) programs

DESIGN: Optimizing processes, product specifications and
preventing defects require that cause-and-effect relationships be
defined. This necessitates the planning and conduct of experiments.
Full factorial designs are widely acknowledged as effective solutions
for systems that involve several factors.  When the number of factors
exceeds four, however, the cost of full factorials, and the time to run
them may become prohibitive. To overcome these drawbacks,
designs known as fractional factorial designs have been developed.
The DESIGN program compiles Sequence-Leveled Experimental
Designs (SLED), a significant break-through. This program provides
Statistical techniques are powerful methods and tools to
help control and improve product quality as well as
reduce quality costs.

For more than a quarter of a century, Product Integrity
Company and Stochos Inc. have been developing and
adapting computer programs for use in quality
control/assurance programs in a wide variety of
industries. These programs are proven to be effective.
With a little experience, they can be made a vital and
extremely beneficial part of your quality improvement
program.
balanced, randomized experimental programs for up to twenty
suspected factors and minimizes the number of tests required. Each
factor may have up to ten levels, and all first order interactions will
be uniquely identified (without confounding!).

REGRES: A step-wise multiple regression program, REGRES is
useful in both simple and multiple correlation problems. Where it is
necessary to approximate relationships between various factors and
quality characteristics, five hundred data points and thirty variables
may be input. Such mathematical transformations as addition,
subtraction, multiplication and division; converting to logarithms and
the use of constants are all possible.  REGRES can also run multiple
outputs with a single programming.

INTERACT: Working from a REGRES data file, INTERACT sorts
the dependent variables - one run each - into the appropriate two-factor
interactions.  A visual assessment of the data will suggest whether or
not it is advisable to run an analysis of variance to determine how
significant an interaction may be.

ANOV2: This program performs the analysis of variance for up to
five factors and ten levels of any factor.  It allows pooling effects for
handling replications, nested factors and the like. It also permits
labeling the sources of variation and presenting them in any desired
array.

REFINE: In discovering optimal solutions to quality problems, it is
often required that all quality characteristics, including cost, be
combined in one framework so that the best result is apparent.
REFINE allows quick comparisons and discovery of that particular
combination which satisfies all quality requirements at minimum cost.
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Sample Question #2:
Cont’d from page 1

What sample size should I use to decide whether or not to
accept a lot of material?

Here we must look at several conditions to arrive at the
answers to this question. These conditions are discussed
following the equations to be used. The procedure is to
take a sample of size n (Equation 2) and calculate X .  If
the sample X exceeds Xbarcrit (Equation 3) then reject
the lot. (I'm assuming an upper value for the process
average that should not be exceeded.)

Solution: n = ((Za + Zr)* σσσσ) / (µµµµ(a) - µµµµ(r))^2        (2)

Xbarcrit = (Za*µ (µ (µ (µ (r) + Zr*µµµµ(a)^2 / (Za + Zr)^2  (3)

Example: Suppose you would like to accept a process
whose true average value (µ(a) is 50 (good process)) about
95% of the time but accept a process whose true value µ(r)
is 52 (bad process) only about 2.5% of the time.

Since X  values are distributed approximately as a Normal
distribution, we have the following results:

To have µµµµ(a) = 50 accepted 95% of the time, Za = 1.65

To have µ(µ(µ(µ(r) = 52 accepted at most 2.5% of the time,
Zr = -1.96  (Notice z is negative since the critical value of
X  will be below µ(r)).

Assume σ  = 2

n = ((1.65+1.96)*2)^2 / (50-52)^2 = 51.83/4 = 13

Xbarcrit = (1.65*52+1.96*50)/(1.65+1.96)
                            = 183.80/3.61 = 50.97

Procedure: Take a sample of size 13. If the X  from the
sample is greater than 50.97, reject the lot (or setup). If X

from the sample is less than 50.97, then accept the lot (or
setup).

Notes: If you do not know σ (sigma): put your sample
estimate of the standard deviation in equation two and
recalculate the sample size. If the new sample size is less
than or equal to the first one, you’re finished – make your
Accept or Reject decision.

If the new sample size is larger than the one you used,
take more samples to bring the total samples to the new
value and repeat the calculations.

If you are concerned with a process average that is too
low, rather than too high, use the same formulas, but the
Z’s are reversed.

                                     TM

For Microsoft WindowsTM

SPC Direct, an extremely flexible, user-definable,
real-time, on-line, Statistical Process Control
Monitoring and Analysis database is now available
in the easy to use Windows 95 or NT interface.

Stochos realizes that shop floor SPC can present
some unique problems, so we made a unique
package specifically designed for the factory floor.

Tools include:
! On-line data collection & storage
! Process capability & performance indices
! Environmental condition tracking
! Operating procedure display
! Control Charts
! Histograms
! Cause of failure logging
! Corrective action display

SPC Direct is unique in the real-time world in that it
simultaneously updates all SPC charts and
associated calculations as the data is collected. All
violations of control tests and/or specification limits
are immediately conveyed to the operator via an
on-screen alarm. This “watchdog” approach
eliminates the need for operators to view each
chart to check for out-of-control conditions, and
frees up their time for more productive tasks.

As part of its shop floor design, SPC Direct can
accept both manual and direct gage input as well
as automatically poll larger process control data
acquisition systems.

On-Line Control Chart Types Include:
! Xbar & Range
! Xbar & Sigma
! Moving Xbar & Range
! U Chart

Reducing variability in all aspects of a process is
the aim of Statistical Process Control. Moving SPC
analysis from the office to the shop floor allows one
to detect and respond to process shifts as quickly
as possible, thereby saving time and money
through increased efficiency and reduced scrap
rates. If your goals are process improvement
and increased profitability, SPC Direct is for
you!

! EWMA
! CuSum
! P Chart
! C Chart


