1. King Saud Univ., Vol. 2, Eng. Sci. (1). pp. 195-,;211], (1410H/1990)

LETTER TO THE EDITOR

A Computer Package for Computing the Confidence
Limits of a Measured Factor

Saad Haj Bakry and Mustafa Shatilla
College of Engineering, King Saud University, P.O. Box 800, Riyadh 11421,
Saudi Arabia.

Abstract. This paper is concemned with the development of a computer algorithm for computing the range
of values of the confidence limits for a repeatedly measured fuctur. ‘The paper briefly reviews the theory
ol the confidence limits for both large and small sample sizes. The presented algorithm uses the theory to
compute confidence limils, for both large and small sample sizes. The algonithm is simple to program in
any computer language, and it saves its users from having to resort to using statistical tables.
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1. Introduction

Practical experiments, whether on real systems or on models of systems, usually pro-
duce a set of different values for a specific factor, Such a set of values does not include
all possibilities that can be produced, but it includes a sample of the possibilitics; and
therefore the set can be described as a sample set. In many cases, the numerical value
of a measured factor is usually given by the mean valuc of the sample set. However,
statistical estimation theory suggests that, the value ol a measured factor should be
given as a range of values, usually known s the confidence interval, depending on
the confidence level required [1,2].

The literature dealing with estimation theory provides formulac accompanied
with statistical tables for computing the required range of valucs, for a factor, from
its sample set of meusurements [1,2]. Using such formulae and tables may he consi-
dered by many people working in experimental ficlds as a tedious and inconvenicmt
jub. In addition, in many cases, the available statistical tables may not include the
required ranges [2].

This short note describes a computer algorithm, that computes, for any sample
set of a measured factor, the range of values of the factor for any required confidence
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level. The program is based vn estimation theory, and can deal with cases where the
sample size is large, and also where the sample size is limited [2].

2. Review of the Basic Theory
A sample size of a measured factor is considered to be large, if the number of

values in the sample set, N s greater or equal to a specific value, usually given as 30
[2]. Tf the value of N is less than this specific value, the sample size is considered (o

be small.

For a large sample, the measured vatucs of a factor (X1, ...., Xn), arc consi-
dered to be normally distributed. For this case, the confidence limits that specify the
confidence level, L {%), are given as follows [1,2]
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5 : is the standard deviation of the sample and is given as follows;

1 N -
8= J(—) Y (xi-Xp (3)
N-1 =1

is the value of the standard normal distribution leaving arca of (a/2) to the right.

(a) is related to the confidence level L (%) as follows;
L = 100 (1-a) (4)

The equation from which Z, can be computed is given below.
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For a small sample, the measured values are considered to be based on the t-dis-

tribution, The confidence limits for this case are given as follows [1,2).
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is the value of the t-distribution leaving an area of (a/2) to the right. The equation

z
from whicht_can be computed is given as foltows.
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The pama function (V) is given as follows [2]
[(vy= I Wledu=(V-1)! (8)
0

3. The Propased Algorithm

A computer algorithm that implements the theory reviewed above has heen

developed, and is shown in Fig. 1. The algorithm consists of the following four major
stages:

The first stage is concerned with the inputing of data including: the sample size N,
the given values (X1,...,Xn), and the required confidence level L (%).

The second stage is concerned with computing the basic needed information
including: the mean value, X, the standard deviation, S, and the area (a/2). The
computation required for this stage can be easily performed using formulae (2),
(3) and (4).

The third stage is concerned with computing the confidence coefficient, and con-
sequently, the confidence limits for the given sample, whether large or small.
This stage is the most important stage in the algorithm, and further discussion on
this stage is given below.

The last stage in the algorithm is concerned with reporting the results in the out-
put.

In the third stage, computing the confidence cocfficients Za, and t;, from the
2

formulae (5) and (7), for large and small samples, requires the use of numerical iteg-
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Fig. 1. A general computer algorithm for computing the coufldence limits of a repeatedly measured
factor
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ration techniques. Various basic and composite numerical integration rules are avail-
able in the literature [3, 4]. Such rules differ in their accuracy and complexity. A
reasonable and easy to usc numerical integration rule that has been used in program-
ming the proposed algorithm is the Simpson’s 1/3 rule 3, 4]. The developed program
allows its users to set the value of (he integration increment depending on the
required accuracy.

In addition 1o the integration part in formula (7), used for computing t,, gama
2

function r(V) also needs to be computed. This can either be dane, as above, using
numerical integration rules, or by computing the factorial of (V-1), as suggested by
formula (8) [2, 4). Computing the factorial of an integer value can be casily program-
med by a multiplication loop. However, if the factorial is required for a real value,
Sterling’s formula for factorials can be used [5). In programming the gama function,
both the numerical integration and the factorial methods have been tested, and the
factorial method was chosen, as it requires less computer time.

In order to ensure the validity of the resulted computer program, which is based
on the suggested algorithm, the progrum was tested for two cases, that have been
previously considcred in [2], using available statistical tables. The first case has a
large sample size of N = 36, while the second has a small size of N = 7, The first case
is given in page (189) of reference [2], and the second is in page {192} of the same
reference. The results produced by the computer program of the algorithm are
exactly the same results given in the reference.

4. Conclusion

The computer package presented in this short paper would help engincers and
scientists, working in experimental fields, in computing the necessary confidence
limits for their results. The algorithm is easy to program, and it saves its users from
having to look for, and look into statistical tables.
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