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摘   要 

         
        管制圖是統計製程管制中很有效的工具之一，它不只廣泛應用在 

        工業品管上，在實驗室用管制圖的應用也已經越來越多了。在工業上 

        利用管制圖來監控製程包含兩個階段：階段一及階段二，各有其重要 

        的目標。但是在實驗室裡，往往所提供的成本與分析的時間有限，要 

        做類似於工業品管上繁雜的階段一很難執行，基於這種情況下，我們 

        提出了三種統計檢定的方法來執行階段一所要達到的目標，就是檢定 

        所計算出來的管制圖是否能代表實驗室的製程用於未來監控中。最後 

        ，用檢定力去比較這三種方法。  
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Abstract 

      Typically control charts should involve phases I and II chartings of different 

     purposes. In consideration of financial cost and analyst’s time, the laboratory  

     control charting generally do not follow the process recommended for 

     manufacturing process control. For phase I charting, we propose several 

     tests using for testing if a computed control chart is appropriate for the 

     distribution representing the laboratory process. Power comparisons for the 

     proposed tests are performed and the results are displayed and discussed. 
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Validating Laboratory Control Charts

Abstract

Typically control charts should involve phases I and II chartings of di�erent

purposes� In consideration of �nancial cost and analyst�s time� the labora�

tory control charting generally do not follow the process recommended for

manufacturing process control� For phase I charting� we propose several

tests using for testing if a computed control chart is appropriate for the

distribution representing the laboratory process� Power comparisons for the

proposed tests are performed and the results are displayed and discussed�

Key words� Hypothesis testing	 laboratory control chart	 phase I charting�

�� Introduction

The control chart is a graphical method that plots results of control sam�

ples versus time or sequential run number and evaluates� based on control

limits of the chart� whether a measurement procedure is statistical in�control

or out�control� Primarily introduced for industrial manufacturing process

control by Walter A� Shewhart� the control chart is now also popular as

statistical control method in clinical laboratories for clinical quality control�

The system of quality control in clinical laboratory is designed to decrease

the probability that each result reported by the laboratory analyzer is un�

valid and this result may be used with a speci�ed con�dence by the physician

to make a diagonistic decision� Now� the clinical laboratory routinely uses

control charts� For examples� when monitoring analyzer performance in

the clinical setting� routinely the laboratories are required� based on this

chart� to test concentration of material being monitored� The performance

of dual�energy X�ray absorptiometry can be monitored using control charts


see Garland� Lees and Stevenson 
������ The antigen detection enzyme�

linked immunosorbent assays for hog cholera virus� foot and mouth disease

virus 
see Blacksell et al� 
�������

The control rules introduced based on industrial control procedures of

Shewhart by Levey and Jennings 
����� for comparison of control results

Typeset by AMS�TEX
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�

with the control limits have been re�ned for improvement of analytical pre�

cision by a series of papers 
see Westgard and Barry 
������ that is used in

most laboratories today�

Standard control chart usage in engineering quality control should involve

two phases of di�erent objectives� Basically� the control chart represents the

ideal distribution� so� the initial phase� called the phase I� involves a sequence

of process including planning� administration� design of the experiment�

exploratory work 
e�g�� graphical� and numerical analysis 
e�g�� estimation

or hypothesis testing� to ensure the control results are drawn from this

ideal distribution and process is truely in statistical control� In this stage�

it is to see if reliable control limits can be established to monitor future

laboratory data� Control charts are used primarily in phase I to assist

operating personnel in bringing the process into a state of statistical in�

control� In phase II� we use the control chart to quickly detect shifts from

the in�control distribution estimated in Phase I by comparing the sample

statistic for each successive sample�

Typically� in phase I� we assume that the process is initially out of control�

so we are comparing a collection of m� typically m � �� or ��� subgroup of

samples and the objective is to bring the process into a state of statistical

in�control� The control limits obtained early in this phase are viewed as trial

limits� Classically in engineering quality control the control limits are revised

and re�ned to ensure that the process is in�control� The phase I analysis

is hardly executed in quality control for laboratories� The main reason is

the consideration of cost� �nancial cost of analyses� and more frequently the

analyst�s time� Cost increasing is raised from the fact that the practice of

quality control requires extra analytical e�ort� As estimated by Analytical

Method Committee 
����� the amount of extra work although varies with

circumstances but is likely to be at least ���� With this reason� unlike

the online quality control in industry� the frequency with which analysis is

undertaken is usually very low so that taking a very long time to collect

enough historical record of observations for phase I analysis� Without an

appropriate phase I analysis� the resulted control chart is very questionable



�

to represent the in�control distribution and then the data released from a

laboratory are of in�appropriate quality�

In Section �� we introduce the concept of validating a control chart

through the technique of signi�cance test� In Section �� we introduce two

techiques of con�dence interval of control limits and� in Section �� we intro�

duce the higest density signi�cance 
HDS� test for control chart validation�

In Sections � and �� we display power comparisons for these techniques of

control chart validation� Finally� in Section � we present examples of data

analysis�

�� Validation of Laboratory Control Chart

LetX be the measurement with distribution F from the system represent�

ing a characteristic of a subject of interest and X�� ���� Xn is a random sample

drawn from distribution F and we choose a statistic T � t
X�� ���� Xn� that

has mean �t and variance ��t � The Shewhart control chart set �t as the

centre line and placed three standard deviations above and below the centre

line as
UCL � �t � ��t
LCL � �t � ��t


����

If statistic T follows a normal or Gaussian distribution� the limits of the

chart will cover the values of T in the long run with probability ������ In

practice� it is hard to believe that we know �t and �t� Therefore� we need to

estimate them� Control charts are calculated based on a historical record of

observations such asm subgroups of n sample and points outside the control

limits are excluded and the revised control limits are calculated� Let �� and

�� be the corresponding estimates� The estimated control limits are

UCL � �t� � ��t�
LCL � �t� � ��t�


����

We say that the laboratory measurement system is stable when the mea�

surement values of T are fell within the limits� On the other hand� a run is

rejected and the measurement system is said to be out of control when its

measurement T value exceeds the control limits�



�

Suppose that the measurement variableX follows the normal distribution

N
�� ��� and we consider the �X�chart with sample mean �X � �
n

Pn
i��Xi

as the test statistic� Since �X has normal distribution N
�� �
�

n
�� The control

limits of the �X�chart in form of 
���� are�

UCL � �� � �p
n

LCL � �� � �p
n


����

By letting �� and �� as� respectively� the sample mean and sample standard

deviation based on the historical record of observations� The estimated con�

trol limits in form of 
���� are

UCL � �� � � ��p
n

LCL � �� � � ��p
n


����

The di�culty in process control in laboratories is that due the �nan�

cial cost and analyst�s time there is usually no available historical record of

enough observations to compute the accurate estimates of �� and ��� Sta�

tistical inferences may help in checking if a control chart computed from a

limited data represents for the distribution of an in�control process�

Suppose that we have a set of observations x�i� ���� xni� i � �� ����m and

we compute estimates �� and �� to form a control chart with limits of 
�����

The interest now is to test if the measurement system is in statistical control�

That is to test the following hypothesis�

H� � �t � ��t � �t� � ��t� and �t � ��t � �t� � ��t�� 
����

which is also equivalent to test the hypothesis�

H� � �t � �t�� �t � �t� 
����

The validation problem is that we have a random sample X�� ����� Xk

drawn from a distribution F for testing hypothesis 
���� or 
�����

�� Con�dence Interval Based Tests for Laboratory Control Chart

Validation



�

Suppose that� calculated from the historical data� we have estimates of

�t and �t being �t� and �t�� The hypothesis of our concern is	

H� � 
�t � ��t� �t � ��t� � 
�t� � ��t�� �t� � ��t��� 
����

Let U� � u�
X�� ���� Xk� and U� � u�
X�� ���� Xk� be two statistics based on

new sample X�� ���� Xk� In the following we de�ne a con�dence interval of

the true control chart LCL � �t � ��t� UCL � �t � ��t�

De�nition ���� We say that a random interval 
U�� U�� is a ���
�� ���

con�dence interval of the control chart 
�t � ��t� �t � ��t� if it satis�es

�� � � P�fU� � �t � ��t � �t � ��t � U�g for � � �� 
����

A rule for testing hypothesis 
���� is

accepting H� if u� � �t� � ��t� � �t� � ��t� � u�� 
����

This test is with probability� �� of type I error�

Let�s consider the normal �x control chart� Suppose that the �X�chart

developed from a historical record is LCL � �� � � ��p
n
� UCL � �� � � ��p

n
�

One way to construct con�dence interval of the true control chart LCL �

�� � �p
n
� UCL � �� � �p

n
is through the sample mean �X � �

k

Pk
i��Xi and

sample standard deviation S with S� � �
k��
Pk

i��
Xi � �X��� Hence� the

hypothesis of interest is

H� � 
�� �
�p
n
� �� �

�p
n
� � 
�� � �

��p
n
� �� � �

��p
n
�� 
����

We know that
p
k

�X���� �p
n

S
� t
k � �� �

q
k
n
� and

p
k

�X���� �p
n

S
� t
k �

����
q

k
n �� where t
	� 
� is the noncentral t�distribution with 	 degrees of

freedom and noncentrality parameter 
� We also denote t�
	� 
� as the �th

quantile of noncentral t distribution t
	� 
��

Theorem ����


 �X � t���

�

k � �� �

r
k

n
�
Sp
k
� �X � t���

�

k � �� �

r
k

n
�
Sp
k
�



�

is a ���
����� con�dence interval of �X control chart 
�� � �p
n
� ��� �p

n
��

Proof�

�� � � P���f
p
k
�X � �� � �p

n

S
� t���

�

k � �� �

r
k

n
�g

� P���f
p
k
�X � �� � �p

n

S
� t�

�

k � ����

r
k

n
�g

� P���f �X � �� �
�p
n
� t���

�

k � �� �

r
k

n
�
Sp
k
g

� P���f �X � �� �
�p
n
� t�

�

k � ����

r
k

n
�
Sp
k
g

� P���ft�
�

k � ����

r
k

n
�
Sp
k
� �

�p
n
� �X � � � t���

�

k � �� �

r
k

n
�
Sp
k
� �

�p
n
g

� P���f�t���

�

k � �� �

r
k

n
�
Sp
k
� �X � �� �

�p
n
� �X � �� �

�p
n
� t���

�

k � �� �

r
k

n
�
Sp
k
g

� P���f �X � t���

�

k � �� �

r
k

n
�
Sp
k
� �� �

�p
n
� �� �

�p
n
� �X � t���

�

k � �� �

r
k

n
�
Sp
k
g �

The rule for testing H� through the con�dence interval technique is�

accepting H� if �x�t���

�

k��� �

r
k

n
�
sp
k
� ���� ��p

n
� ����

��p
n
� �x�t���

�

k��� �

r
k

n
�
sp
k


����

The probability of type I error for this test is ��

Note that testing hypothesis H� � 
�t� ��t� �t���t� � 
�t�� ��t�� �t��

��t�� if and only if to test the hypothesis H� � �t � �t�� �t � �t�� Then� in

the normal case� testing H� � 
� � � �p
n
� �� � �p

n
� � 
�� � � ��p

n
� �� � � ��p

n
�

is equivalent to test the hypothesis H� � � � ��� � � ��� The classical

technique of exact level � test for testing hypothesis H� � � � ��� � � ��

uses the product of tests� respectively� for single parameter hypothesis H�
� �

� � �� and another single parameter hypothesis H�
� � � � ��� When H�

� is

true�


�� � z ��p���
�

��p
k
� �� � z ��p���

�

��p
k
�

is a
p
�� � prediction interval for �X and� when H�

� is true�


��

r
�

k � �
��
��
p
���
�

� ��

r
�

k � �
��
��
p
���
�

�



	

is a
p
�� � prediction interval for S with S� � �

k��
Pk

i��
Xi � �X��� From

the fact that �X and S are independent and with 
���� and 
����� an exact

level � test for hypothesis H� is

rejecting H� if j �x� ��

��
p
k
j � z ��p���

�

or �

k � ��s�

���
� ����p���

�

or � ����p���
�

�


����

This test is generally called the combination test� We would not specify its

acceptance region since our interest is its power performance�

�� Highest Density Test for Laboratory Control Chart Validation

For developing a HDS test for hypothesis 
����� we consider it in a

general distributional situation� Suppose that we have a random sample

X�� ���� Xk drawn from a distribution having a probability density function


pdf� f
x� ��� ���� �m� where parameters ��� ���� �m� m � �� including loca�

tion and scale ones� are unknown� It has been an important question in

applications to develop tests for hypothesis simultaneously dealing with all

parameters such as

H� � �� � ���� ���� �m � �m�� 
����

where ���� ���� �m� are speci�ed constants�

De�nition ���� Consider the null hypothesis H� � �� � ���� ���� �m � �m��

Suppose that there exists a constant a� such that

�� � �

Z
f�x������xk	
L�x������xk����������m�		a�g

L
x�� ���� xk� ���� ���� �m��dx�

Then we call the test with acceptance region

Ahds � f
x�� ���� xk� � � � L
x�� ���� xk� ���� ���� �m�� � a�g

a level � highest density signi�cance 
HDS� test� The acceptance region Ahds

is called a level � HDS acceptance region and its corresponding rejection

region Chds � �� Ahds is called the HDS rejection region�

The method of highest density for signi�cance test is appealing for that

it uses probability ratio to determine acceptance region� for example� if

L
xa� ���� ���� �m��

L
xb� ���� ���� �m��
� �






and xb is in acceptance region� then xa must also be in acceptance region�

This appealing also indicates that the test statistic for hypothesis H� is

derived through the joint probability 
pdf��

If the joint pdf L
x�� ���� xk� ���� ���� �m�� of the random sample may be

reformulated as an increasing function of statistic T � t
X�� ���� Xk�� then a

level � HDS test has acceptance region Ahds � f
x�� ��� xk� � t
x�� ��� xk� �
t�g with �� � � PH�


t
X�� ���� Xk� � t���

Let X�� ���� Xk be a random sample drawn from a normal distribution

N
�� ���� Consider the null hypothesis H� � � � ��� � � ��� With the

fact that L
xa� ��� ��� � L
xb� ��� ��� if and only if
Pk

i��
xia � ���
� �Pk

i��
xib � ���
� for x�a � 
x�a� ���� xka� and x�b � 
x�b� ���� xkb�� the level �

HDS test searches t� such that

� � P�����

kX
i��


Xi � ���
� � t�� � P 
��
k� � t�

���
�

where ��
k� is the random variable with chi�square distribution of degrees

of freedom k� Hence� the HDS level � test has acceptance region

Ahds � f
x�� ���� xk� �
kX
i��


xi � ���
� � ����

�
�
k�g 
����

where ��� satis�es � � P 
��
k� � ���
k���

�� Power Performance Comparisons for Laboratory Control Chart

Validation

With tests developed in Sections � and �� it is then interesting to compare

these tests in terms of power when there is distributional shift� We consider

a process with normal distribution N
�� �� where the in�control distribution

parameters are � � �� and � � ��� The null hypothesis for the �X chart is

of 
����� We now set the �X chart under the alternative situation is

H� � 
LCL�UCL� � 
�� � a� �
b��p
n
� �� � a� �

b��p
n
� 
����

In the following� we develop the power functions for the three corresponding

tests when H� is true�



�

���� Power Function of Con�dence Interval of Control Chart

We know that
p
k

�X�����
��p
n

S
� t
k� ��

p
k�a��

��p
n
	

b��
� and

p
k

�X����� ��p
n

S
�

t
k � ��

p
k�a�� ��p

n
	

b��
� when H� is true�

�� �
�� � a� b��� � P���a�b��f �X � t���

�

k � �� �

r
k

n
�
Sp
k
� �� � �

��p
n
�

�� � �
��p
n
� �X � t���

�

k � �� �

r
k

n
�
Sp
k
g

� P���a�b��f
p
k
�X � �� � � ��p

n

S
� t���

�

k � �� �

r
k

n
�g

� P���a�b��f
p
k
�X � �� � � ��p

n

S
� t�

�

k � ����

r
k

n
�g

� Pft
k � ��

p
k
a� � ��p

n
�

b��
� � t���

�

k � �� �

r
k

n
�g

� Pft
k � ��

p
k
a� � ��p

n
�

b��
� � t�

�

k � ����

r
k

n
�g

���� Power Function of Classical Test

The power function of this classical test is

�class
�� � a� b��� 
����

� P���a�b��
fj
�X � ��

��
p
k
j � z ��p���

�

g � f 
k � ��S�

���
� ����p���

�

or � ����p���
�

g�

� P���a�b��
j
�X � ��

��
p
k
j � z ��p���

�

� � P���a�b��


k � ��S�

���
� ����p���

�

or � ����p���
�

�

� P 
j
�X � ��

��
p
k
j � z ��p���

�

� P 


k � ��S�

���
� ����p���

�

or � ����p���
�

�

� P 
jN
a� ��j � �

b
z ��p���

�

� � P 
��
k � �� �
�

b�
����p���

�

� � P 
��
k � �� �
�

b�
����p���

�

�

� P 
jN
a� ��j � �

b
z ��p���

�

�
P 
��
k � �� �
�

b�
����p���

�

� � P 
��
k � �� �
�

b�
����p���

�

���

���� Power Function of HDS Test

We consider a power comparison for this example of distribution where

we let the sample be drawn from normal distribution with mean � � ��� a



��

and standard deviation � � b��� b � �� The power function of the HDS test

of 
���� may be seen as

�hds
�� � a� b��� � P 
��
k�
ka�

b����
� � b�����
k�� 
����

where ��
k� c� is a random variable with noncentral chi�square distribution

with degrees of freedom k and noncentrality parameter c�

With sample size k � �� and signi�cance level � � ����� we list the results

of powers computed from 
���� and 
���� for the two tests and display them

in Table ��

Table �� Power comparison for HDS test� classical combination test and

con�dence interval based test


a� b� �hds �class
�ci


n � ��
�ci


n � ��
�ci


n � ��

�� �� ���� ���� ���� ���� ����

�� ���� ������ ����� ����� ���� ����� ���� ���� ����


�� �� ������ ����� ����� ���� ����� ���� ���� ���


�� �� � � � � �

�� �� ������ ����� ����� ���� �����

�� ���� ����� ����� ����� ����� �����

�� �� ������ ������ ����� ���� ����� �����

�� �� � � � � �

�� �� � ������ ����� ����� �

�� ���� � ������ ����� ����� �����

�� �� � ������ ���� ���� �����

�� �� � � ����� ���� ���� ���� ����� ����


�� �� � ����� � � �

�� ���� � � � � �

�� �� � � ����� ����� �����

�� �� � � ���� ��� ���� ���� �����

The powers when 
a� b� � 
�� �� represent� respectively� the signi�cance

levels of these two test and they are� as designed� equal to ����� However�

when value a moves away from zero and b � �� the alternative distribution

indicates wilder than the null one� Surprisingly the powers of the HDS test is

uniformly better than or equal to the classical combination test� This fully

supports the use of HDS test for hypothesis test of multiple parameters�



��

We also observe that the validation technique of con�dence interval od true

control chart performs poorly when there is scale shift�

	� Power Simulation Study for Laboratory Control Chart Valida


tion

It is also interesting to see the power performance of three tests through

a Monte Carlo study� We �rst consider the normal �x control chart� Sup�

pose that the �X�chart developed from a historical record is LCL � �� �
� ��p

n
� UCL � �� � � ��p

n
� Hence� the hypothesis of interest is

H� � 
�� �
�p
n
� �� �

�p
n
� � 
�� � �

��p
n
� �� � �

��p
n
�� 
����

With replication m � ������� we select a random sample xj�� ���� xjk of size

k � �� from a distribution G and we conduct the tests stated above of higest

density test� classical test and the test based on con�dence interval� The

�rst case� we consider G is the normal distribution N
�� � a� b����� where

we choose �� � � and �� � � in this simulation� Let �xj �
�
k

Pk
i�� xji and

s�j �
�

k��
Pk

i��
xji � �xj�
� be the sample mean and sample variance for the

sample of jth replication� With this simulation� the simulated powers of

tests de�ned in 
����� 
���� and 
���� are

�hds �
�

��� ���

������X
i��

I�
kX
i��


xji � ���
� � ����

�
�
k��

�class �
�

��� ���

������X
i��

I�j �xj � ��

��
p
k
j � z ��p���

�

or �

k � ��s�j

���
� ����p���

�

or � ����p���
�

��

and

�ci � �� �

��� ���

������X
i��

I��xj � t���

�

k � �� �

r
k

n
�
sjp
k
� �� � �

��p
n
� �� � �

��p
n

� �xj � t���

�

k � �� �

r
k

n
�
sjp
k
�

The simulated results are displayed in Table ��

Table �� Simulated powers for three tests when there are location and scale

shifts



��


a� b� �hds �class
�ci


n � ��
�ci


n � ��
�ci


n � ��

�� �� ������ ������ ����� ������ �����

�� ���� ������ ����� � �� ���� �� ����


�� �� ������ ������ � � �� ����


�� �� � � � � �

�� �� ������ ������ ������ ���� �����

�� ���� ������ ����� ������ ������ ������

�� �� � ������ �� ���� �� ���� ������

�� �� � � � � �

�� �� � � ����� ������ �

�� ���� � � ������ ������ ����

�� �� � � ������ ������ ����

�� �� � � � � �

�� �� � � � � �

�� ���� � � ������ � �

�� �� � � ������ ������ ������

�� �� � � � � ���� �����

We have several comments drawn from the results displaying in Table ��

�� The powers for all tests for case 
a� b� � 
�� �� are expected to be ����

since it indicates H� is true� It shows that the HDS test is the most accurate

in sense of preserving the signi�cance level� The con�dence interval based

tests are all too conservative in this sense�

�� For cases other than 
�� ��� the HDS and classical tests are all very

powerful and the con�dence interval based tests are almost very poor unless

distribution shifting occured only in location�

Next we consider to perform a simulation study assuming that the obser�

vations are drawn from non�normalG as G � t
a��b where t is t distribution

and we let a � �� �� �� and b � �� �� ��� We apply the same tests stated above

and compute the simulated powers�

Table �� Power Simulation when distributional shifted to t distribution



��


a� b� �hds �class
�ci


n � ��
�ci


n � ��
�ci


n � ��

�� �� ������ ������ � � �

�� �� � � ������ ������ ������

�� ��� � � ������ ������ ������

�� �� ����� ����� ������ ������ ������

�� �� � � ������ ������ ������

�� ��� � � ������ ������ �����

��� �� ����� ����� ������ ������ ������

��� �� � � ������ ������ �����

��� ��� � � � � �

The HDS and classical tests are still very e�cient and the con�dence interval

based tests are relatively poor but shifting to more wild case such as this t

distribution is better than shifting to other normals�

�� Real Data Analyses

Let us consider two real data analses� First� a data set of control materials

with size ��� 
�� observed monthly� in �ve months is available in Westgard�

Barry and Hunt 
������ They performed in constructing the in�control chart

of one control material 
single observation control chart� and discussed the

rules applying the control chart in clinical chemistry� A data set of size ��� to

perform a Phase I analysis� as recommended in statistical quality control�

is not enough� The validation technique provides a scienti�c method for

constructing an in�control chart for use in laboratory quality control� We

now choose �� observations observed from the �rst three months to construct

the ��sigma control chart that is

UCL � ���� � �� ����� � �����

LCL � ����� �� ����� � �����

and is sketched in Figure � where the �� observations are also displayed�

Figure � is here

Since there is no observation lying outside the control limits� we then con�

scern if this control chart is appropriate for use for quality control in clinical



��

chemistry� We then perform the three available tests stated above and their

corresponding results are listed below�

�� HDS test�
P

��

i��
�xi������	�
�������� � ������� � �����
��� � �������� we do

not reject the hypothesis of in�control process�

�� Classical test�
��� �x������
�������


p
��

��� � ������� � z���p���	
� � ������� On the

other hand� �k��	s�
��������

� ����� and ��
��
p
����

�


��� � ������ and ��
��
p
����

�


��� �

������ indicating ������ � �k��	s�
��������

� ������� We do not reject the hypoth�

esis of in�control process�

�� ��� con�dence interval� 
�x� sp
��
t����
��� ��

p
���� �x� sp

��
t����
��� ��p

����� we do not reject the hypothesis of in�control process since 
LCL�UCL� �


������ ������� � 
�������� ����������

In the second example� we consider a laboratory measurement data set

displayed in Mullins 
������ The data set is composed with m � �� runs

and� for each run� three observations are measured by one analyte� So� to�

tally there are number � observations� The interest in Mullins 
����� is the

analytical precision and the phase I range chart� considering the di�erence

between the larget and the smallest values in one run since they are mea�

sured with the same analyte� was developed� The quality control of central

tendency is is also important and then we consider using this data set to

perform the phase I �X chart validation�

Following Mullins 
������ we let n � � for consideration the quality of

measurements observed by the same analyte� We may observe that obser�

vations on run �� is f������� ������ ������g where observation ������ is an

extreme outlier that should be an typing error like observation� Hence we

drop this run of data and we use the rest of data set of runs �� for analysis�

We use the �rst �� runs to construct �� �X chart� The control limits of the

chart and observed �� sample means �x are plotted showing in Figure ��

Figure � is here

From the �gure� we see that the observed �x�s of numbers �� ��� �� and ��

lied outsider the control limits and then we removed these observations and



��

re�compute the �X chart from the data in the rest of �� runs of data� The

resulted control limits and the �x�s are displaed in Figure ��

Figure � is here

There are no observed �x that lies outside the control limits and we consider

if the resulted control limits as

UCL � �������� � �� �����p
�

� ����

LCL � ��������� �� �����p
�

� ������

can be used for phase II control chart� Then we consider to use observations

of size �� in � runs to test if the above control limits are valid for phase II

control chart� We then perform the three available tests stated above and

their corresponding results are listed below�

�� HDS test�
P

��
i��

�xi��������	�
�������� � ������ � �����
��� � ������� we do not

reject the hypothesis of in�control process�

�� Classical test�
��� �x��������
�������


p
��

��� � ������ � z���p���	
� � ������� On the

other hand� �k��	s�
�������� � ������ and ��

��
p
����

�


��� � ������ and ��
��
p
����

�


��� �

����� indicating ������ � �k��	s�
��������� � ������ we do not reject the hypoth�

esis of in�control process�

�� ��� con�dence interval� 
�x� sp
��
t��
����� ��

q
��
� �� �x�

sp
��
t��
����� ��q

��
� ��� we do not reject the hypothesis of in�control process since 
LCL�UCL� �


������� ������ � 
������ �������
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Figure 1: Phase I individual control chart  

 
 
 
 
 
 
 
 
 
 
Figure 2 : Phase I X control chart for quality data 
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 Figure 3 : Revised X control chart for quality data 
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