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A CONFIDENCE-LIMIT COMPUTER

Introduction

Confidence limits as a mathematical tool are applicable to many development
_engineering and production engineering situations. In order to make confidence
limits readily available to engineers, a computer was designed which will approxi-~
mate certain confidence limits. One of these computers is included as part of
this monograph and will be found inside the back cover.

Confidence Limits

The usual purpose of engineering analysis of data is to estimate unknown
values. In general, there are two ways to express such estimates. These estimates
may be expressed as points or as intervals. Traditionally, point estimates®* have
been used in most engineering work. However, more recently it has been recognized
that such point estimates are not always the 'best" estimates of the unknown
values,! and a more useful estimate has been developed whereby an interval is pre-
sented and ic accompanied by a statement of the assurance or confidence that the
interval really does include the true (but unknown) value,

In statistical terms, the unknown value (parameter) is sometimes denoted by
@, a point estimate by @., the interval limits by L and U (where LS@‘SU), and the
degree of assurance or confidence that LLOXU by a (where 0 < a<1).

1. Such an interval is called a confidence interval.

2. The limiﬁs of the interval are called confidence limits.

3. The degree of assurance is called the confidence coefficient or
confidence level. :

Illustration .

Consider a very large lot of items of which 100p% are defective (0< p £1).
Tua parameter p (that is, ), the fraction defective in the lot, is unknown. A
railom sample of 50 items is selected and one defective item is observed. A point
estimate of p is given by ﬁ -6 - 1/50 = 0.02. The 90% upper confidence limit for

*A point estimateé is any single value used as an estimate of an unknown.

fFor a discussion of point estimates and their limitations see Reference 1.



the true but unknown value of p ' is determined to be U = 0,076, That is, we are
90% confident that the true fraction defective in the sampled lot is no greater
than 0.076. (The upper confidence limit, U, has been denoted by k on the com-
puter.) -

The computer which is provided with this report estimates upper  confidence
limits. In using it the lower limit is always O. Thus the confidence interval
given is always from O to k.

‘How to Use the Computer

Instructions for the use of the computer are printed on the back of the
envelope in which the computer is packaged. These instructions are repeated here
in the event that the envelope becomes separated from the computer,

Note that on the computer the sample size n 1is divided into three ranges.
The range for small values of n (from 1 through 19) is given in a table of values
on the right portion of one side of the computer. The range of n from 20 through
100 is given on a logarithmic scale near the bottom of the computer on the same side
as the table previously referred to. The range of n from 100 through 10,000 is
given on the side opposite to the table of values.

A. To determine the upper confidence limit from a sample of size n = 20 to 10,000:

A~l,., Select the side of the slide rule that has an n scale in the desired
range, : .

A-2. Decide what confidence level is desired. Locate this value on the con=-
fidence=level (vertical) scale.,

A=3, Pick the x value that corresponds to the number of items in the sam«
ple containing the specified characteristic, (The x values are the
series of curves that intersect the vertical confidence-level scale,)
Move the slide until the x value coincides with the previously
selected confidence level..

A=4, Locate the sample size on the n scale.
A-5, Read on the k scale, directly beneath the n value, the maximum
fraction of items that may be expected to contain the specified char-
acteristic. This is the upper confidence limit. .
B. To determine the upper confidence limit from a sample of size n = 1 to 19:
B-1. Use the table ‘'of values printed on one side of the slide rule. (Note
that the table contains two confidence levels--.50 and ,90.) Decide

which confidence level to use.

B-2, Read across the top of the table and select the sample size n.



B=3. Locate on the left side of the table thé number of items X contain-
ing the specified characteristic.

B=4., TFind the upper confidence limit at the point of intersection of the
chosen row x and column n,

Example 1: If a sample of 150 items is tested (or inspected) and there are four
failures (or defectives), what is the upper confidence limit at the
! .95 confidence level?
Figure 1 shows the computer set to solve this problem. Note that the x curve
for 4 crosses the ,95 confidence level. Read under n = 150 the upper confidence
limit, .06, : : )

Example 2: The sample size is 90. An upper confidence limit of ,02 is desired.
If there were no failures in the sample of 90, what is the confidence
level? If there were one failure, what is the confidence level?
(Note that there is a different unknown than in Example 1.)

Refer to Figure 2 which shows the computer set for the solution. An n value of
90 is set at a k value of .02, Read the confidence level for no failures where
the curve for x = 0 crosses the confidence=level scale, The reading is approxi-
mately .84. For one failure, the reading is .53. ‘

Variations in Use of the Computer

When using the computer there will always be three known quantities and one
unknown., Any three of the following may be known and the computer will provide a
solution for the fourth:

1. Upper confidence limit (k)

2. Confidence level (a)

3. Number of observations (n)

4, Number of'units with a specified characteristic (x)

Let n- become the unknown and the following is typical of the type of probability
problem that can be solved:

Example 3: How many items should be tested if one failure will be accepted, and
it is desired to say with 907 confidence that the failure rate is no
greater than one in a thousand? Two in a thousand? One in -a hundred?

To solve the problem, set the x curve of 1 at the .90 confidence level on the
appropriate side of the computer. For ome in a thousand, read on the k scale
above .001 that the number to test is approximately 3850. Leave the same setting
in the computer and for two in a thousand, read 1925 above a k of .002, For one
in a hundred, again leave the original setting in the computer and read above a
k of ,01 that the number to test is 390,

\
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Construction of Scales

The k 'and n scales are logarithmic. The advantage of using logarithmic
scales is that they permit a much greater range of values than a uniform scale,
and the log scales have an accuracy of about the same number of significant fig-
ures throughout the range since scale lengths for 10 to 1023, 102 to 103, and
10® to 10* are the same,

The vertical confidence-level scale on the computer ‘is a normal probability
scale. This scale was chosen because it expands as it approaches 1.00,

Basic Equation for the Confidence-Limit Computer

The confidence~limit computer provides an approximate solution to the
equation (Reference 2):

n
Z : ne 3 nej _ g%
T .'k l-k J:a
FHOEE LR )
j=x+1 ~

where;

X = number of units or events with specified characteristic

n = number of observations

k - upper confidence limit

a = confidence level

The curves on the computer were plotted by solving the above equation
using the Harvard binomial tables (Reference 3) exclusively. The binomial dis-
tribution is based upon an infinite lot size, but gives good approximations to
the true probabilities when the lot size is 10 times the sample size. The reason
that the computer gives an approximation rather than an exact solution to the
equation is that the basic equation plots as a curve and the computer uses a lin-
.ear approximation. For most practical purposes, the approximation is as satis-
factory as the exact solution,

*The theory of confidence intervals was developed by Dr. Jerzy Neyman and
introduced in 1937. For a development of the theory see Reference 4,



Accuracy of the Computer

The accuracy of this computer is determined by many factors, the most impor-
tant being: . ‘

1. Closeness of the approximation of the computer's linear solution to the
nonlinear equation. : :

2. Accuracy of the original drawings and layouts,

3. Faithfulness of the photorebfoduction of original layout and the
transfer of the reproduction to the printing plates.

4, Accuracy of the printing process.

5. Vertical orientation of confidence=-level scale as determined by
location of folds in the plastic jacket.

6. Fit of slide in jacket.

Some of the above-mentioned factors contribute less than others to possible
errors. The original layout was made to a large scale and done with such care
that little error contribution is from that source. The best all-inclusive meas-
ure of error in the computer is to take a production model and compare some points
with the Harvard binomial tables. This was done, and hundreds of points were
checked through all ranges of all scales. The most practical way to express the
accuracy of the computer is to say that it is more accurate than the number of
decimal places given on the k scale. That is, it is always safe to use one dec-
imal place on the k scale in the range .1 to .6, use two decimal places in the
range .0l to .09, and use three decimal places in the range .00l to ,009.

Summary

The confidence-limit computer provides a rapid means of approximating upper
confidence limits, confidence levels, sample sizes, or the number of units with
a specified characteristic,

10



1.

REFERENCES

'Bowker, A. H., and Lieberman, G. J., Engineer;gg Statistics,

Prentice Hall (1959).

Calvert, R. L., The Determination of Confidence Intervals for
Probabilities of Proper, Dud, and Premature Operation, Sandia Cor-
poration Technical Memorandum 213-55-51, October 17, 1955.

The Staff of the Computation Laboratory, Tables of the Cumulative
Binomial Probability Distribution, Harvard University Press (1955).

Neyman}_J., Lectures and Conferences on Mathematical Statistics and
Probability, Graduate School, U, S. Department of Agriculture (1952).

-

11



copies

12

No.

N ENWRNN N EE RO RN R R W RN W R R R s e e PSR DWW b e O = NN W W

of

-~

‘National Bureau of Standards (Library)

TID-4500 (15th Ed.)

PHYSICS AND MATHEMATICS

No.
Distribution

Aberdeen Proving Ground

Aerojet-General Corporation

Aerojet-General, San Ramon (100-880)

AFPR, Boeing, Seattle

AFPR, Lockheed, Marietta

Air Force Special Weapons Center

ANP Project Office, Convair, Fort Worth

Alco Products, Inc.

Allis-Chalmers Manufacturing Company

Argonne Cancer Research Hospital

Argonne National Laboratory

Armed Forces Special Weapons Project, Washington
Army Ballistic Missile Agency

Army Climleal Ocinter i

Army Signal Research and Development Laboratory
Atomic Casualty Commission

AEC Scientific Representative, Japau

Atomic Energy Coumission, Washington

Atomics International

Babcock and Wilcox Company (NY00-194Q)
Battelle Memorial Institute

Bettis Plant

Brookhaven National Laboratory

Brush Beryllium Company

Bureau of Ships (Code 1500)

Bureau of Yards and Docks

Carnegie Institute of Technology

Chicago Operations Office

Chicago Patent Group

Columbia University (Havens)

Columbia University (S00-187)

Combustion Engineering, Inc.

Convair-General Dynamics Corporation, San Diego
Defence Research Member

Department of the Army, G-2

duPont Company, Aiken

duPont Company, Wilmington

Edgerton, Germeshausen and Grier, Inc., Las Vegas
Frankford Arsenal

General Atomic Division

General Electric Company (ANPD)

General Electric Company, Richland

General Electric Company, St. Petersburg
General Nuclear Engineering Corporation — -
Gibbs and Cox, Inc. -

Goodyear Atomic Corporation )

Grand Junction Operations Office

Iowa State College

Jet Propulsion Laboratory

Knolls Atomic Power Laboratory

Los Alamos Scientific Laboratory

Lovelace Foundation

Maritime Administration

Martin Company

Midwestern Universities Research Association
Mound Laboratory ‘.

National Aeronautics and Space Administration,
Cleveland

National Bureau of Standards

=

F o OV i N N = b PO B B N B b e e e b et s U1 RO e e et el bt et et et b N Bl 0 et N e e et e e el e 1 N R WD

N

S

N W
NN
(= RV}

National Lead Company of Ohio
790

of
copies

/

Distribution

Naval Medical Research Institute

Naval Research Laboratory !
New Brunswick Area Office ‘

New York Operations Office

New York University 2Richtmyer)

Nuclear Development Corporation of America
Nuclear Metals, Inc.

Oak Ridge Institute of Nuclear Studies
Office of Naval Research

Office of Naval Research (Code 422)
Office of Ordnance Research

Office of Quartermaster General

Office of the Chief of Naval Operations
QOrdnance Materials Research Office
Ordnance Tank=Automotive Command

Patent Branch, Washington

Pennsylvania State University (Blanchard)
Phillips Petroleum Company (NRTS)

Fower Reactor Development Company

Pratt and Whitney Aircraft Division
Princeton University (White)

Public Health Service

* Public Health Service, Savannah

Rensselaer Polytechnic Institute

Sandia Corporation, Albuquerque

Stevens Institute of Technology

Sylvania Electrie Products, Inc.

Technical Research Group

Tennessee Valley Authority

Texas Nuclear Corporation ‘
The Surgeon General

Union Carbide Nuclear Company (ORGDP)

Union Carbide Nuclear Company (ORNL)

Union Carbide Nuclear Company (Paducah Plant)

USAF Project RAND

U. S. Geological Survey,
U, S. Geological Survey,
U. S. Geological Survey, Naval Gun Factory
U. S. Geological Survey, Washington '
U. 8. Naval Oifdnance Laboratovy

U. S. Naval Postgraduate School

U. S. Naval Radiological Defense Laboratory
U.. S. Patent Qffice

University of California at Los Angeles
University of California, Berkeley
University of California, Livermore
University of California, San Francisco
University of Puerto Rico

University of Rochester

University of Rochester (Marshank)
University of Washington (Geballe)
University of Washington (Rohde)

Walter Reed Army Medical Center

Watertown Arsenal

Westinghouse ‘Electric Corporation (Schafer) -
Wright Air Development Center

Yale University (Breit)

Yale University (Schultz)

Yankee Atomic Electric Company s
Technical Information Service Extension

Office of Technical Services, Washington

Denver
Menlo. Park



