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CHAPTER 2

Theoretical consideration and literature review
This chapter sh ow s the theoretical consideration  and literature review  that 

related to this research. The first section  is the theoretical consideration  that includes  
basic, usage, advantages and d isadvantages o f  statistical p rocess control. The second  
section  sh ow s the b asic o f  control chart for fraction nonconform ing, h yp oth esis test on 
a b inom ial proportion, interference on  tw o  population proportions and large sam ple  
test. The last section  sh ow s the literature rev iew  that are related to the content o f  this 
research.

2.1 Theoretical Consideration
2.1.1 Statistica l P rocess C on trol

Statistical P rocess Control (SP C ) is a pow erfu l co llection  o f  problem  so lv in g  
too ls u sefu l in ach iev in g  process stability and im proving capability through the 
reduction o f  variability.

2.1 .1 .1U sage o f  SPC

2.1.1.1.1 C ontrol o f variation .

The output o f  the process that is operating properly can be graphed as a bell 
shaped curve. The x -ax is  represents som e m easurem ent such as d im ension , y- axis 
represents the frequency count o f  the m easurem ents. The desired va lu e  is at the center  
o f  curve, and any variation is in the left or right o f  the bell. T his variation about the 
center is the result o f  natural causes. The process w ill be consistent at this 
perform ance level as long as no special cau ses variation.

W hen sp ecia l cause is occurred, the curve w ill be in a n ew  shape and variation  
w ill be increased. T his leads to the low ering output o f  quality. The bell is flatter,
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W hen thinking o f  SPC, it is necessary to  include m ore than control chart in the 
set o f  SPC tools. Pareto, fishbone diagram , stratification, check  sheets, histogram s, 
scatter diagram, f lo w  chart are all SPC tools. The flo w  diagram  helps everyon e to 
understand the p rocess better, the fishbone diagram is used  to exam ine special causes 
and h ow  they im pact the process. The use o f  these too ls and techniques m akes 
p ossib le  the control o f  variation in any process.

2.1.1 .1 .2  C ontinuous Im provem ent

C ontinuous im provem ent is a key e lem en t o f  total quality. It w ou ld  be m ore 
accurate to talk about continuous im provem ent in term s o f  p rocess than in term s o f  
products and services.

B efore  the p rocess can be im proved, it is necessary to understand it, identify  
the external factors w hich  may generate special cau ses o f  variation, and elim inate any 
special cau ses o f  variation, and elim inate any specia l cau ses that occurred in process. 
Then, w e  can ob serve the process in operation and determ ine its natural variation. 
O nce the p rocess is in the state o f  statistical control, the process can be tracked, using  
control charts for any special causes. P rocess im provem ent can be im plem ented  and 
m onitored. W ithout SPC, Process im provem ent can be taken in a w ron g m ethodology . 
The results o f  w h ich  are often  unseen  by variation stem m ing from  specia l causes. SPC  
lets im provem ents be applied and occurred scien tifica lly  w ith  assurance.

2.1.1 .1 .3  Predictability o f Processes

In normal situation, the m anufacturer may produce at the constant quantity per 
m onth, but in the trouble situation, the m anufacturer m ay produce less  than the normal 
situation. This leads to  the lost o f  custom ers and penalty. I f  the com pany use SPC, the 
result w ou ld  be d ifference. The m anager w ou ld  have know n w ith  certainty their 
capability and w ou ld  be clear w hether the custom er’ requirem ent could  or could not 
been met. T hey k n ow  because their process are under control and predictable.

meaning the fewer parts produced by the process and fall outside the original limits.
The result is more scrap, higher cost, and inconsistency o f product quality.
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Instead o f  look in g  in the best perform ance on each m onth production rate, they  
lo ok  at the w orst production m onth and base their com m itm ents on  that. This  
approach can re lieve  a lo t o f  stress but cause a lo t o f  business. In today h ighly  
com p etitive  m arket, organization m ust have predictable, stable, and consistent 
process. T his can be ach ieved  by u sin g  SPC.

2.1.1 .1 .4  E lim ination o f w aste

E very m anufacturer can realize that production w aste  costs m oney. Labor cost 
in a product is expended  correcting error from  p roceed ing p rocess represent w aste. 
Parts that are scrapped because they do not fit properly or m eet sp ecification  represent 
w aste. M ore inspection  and reinspection  also  represent w aste. T hings that happened  
w h en  w a ste  is elim inated  is the cost o f  g o o d s reduced, this leads to a com petitive  
advantage. This can be done by using SPC to the broader concept o f  total quality.

B y  concentrating on the production process, elim inating the special causes  
bringing the p rocess into statistical control. The m anufacturer could see  w hat had 
been done to im prove them. O nce in control, a relentless p rocess im provem ent 
m ovem en t w as started. T ightening the bell curve brought the increasing the product 
quality and decrease w aste.

2.1.1 .1 .5  Product inspection

Inspection  o f  products as they are being m anufactured and as fin ished  go od s  
are w hat is done norm ally. Inspection requires the em p loym en t o f  h ighly skilled  
em p lo yees that are very exp en siv e  and also  use a lot o f  factory space and tim e. I f  the  
am ount o f  inspection  reduced w h ile  m aintaining or even  im proving the quality o f  
produces, m on ey  could  be saved and higher com p etitive  advantages. The problem s  
w ith  100 percent inspection  is that the human inspectors b ecom e bored. M achine  
inspection  are too  exp en sive. It w ould  be faster and less  exp en siv e  i f  in sp ectin g only  
10 percent or even  less. In order sam pling to be accepted, process m ust be under 
control. O nly them  w ill the process have con sisten cy  and predictability to  support 
sam pling, /th is is pow erful argum ent for SPC.



A fter supplier p rocess are under control and being used w ith control charts, 
m anufacturers can rely on the quality o f  incom ing m aterials. SPC m ust first be in 
place, and supplier p rocess m ust be show n to capable o f  m eetin g cu stom er’s 
sp ecification s. T his can be applied internally w hen  the process are in control using  
SPC, the internal quality assurance organization  can reduce its in sp ection  and process 
supervision  efforts. This reduces quality assurance costs and the cost o f  quality.

2.1.1 .2  Im plem entation o f SPC

There are 3 phases o f  im plem enting o f  SPC w hich  is preparation phase, planning  
phase, and execu tion  phase.

2.1.1.2.1 The Preparation Phase

There are three steps in the preparation phase for SPC.

1. C om m it to SPC. D u e to the im plem entation  o f  SPC requires m oney, changing  
organ ization ’s culture. This is w hat the m anagem ent m ust be com m itted. Th 
im plem entation  m ust also be com m itted  by all o f  the departm ents. I f  there is any 
departm ents cut o f f  during the im plem entation, there w ill be w o rse  than not doing  
anything.

2. Form  an SPC C om m ittee. D u e to the im plem entation process takes a lot o f  tim e, 
esp ecia lly  at first w h en  em p lo yees are trying to get fam iliar w ith  it. SPC can be 
defined as a cross functional team  that is tasked oversee im plem entation  and 
execution . The SPC team  m ust con sist o f  statistic ex p ert and the rest w ill be the 
com p osed  o f  representatives from  m anufacturing, Q uality A ssurance, 
E ngineering, F inance. The function  o f  the team  w ill be planned to  organize the 
im plem entation  for its particular application. The form ing o f  SPC C om m ittee is 
top m an agem en t’s responsibility.

3. Train the SPC C om m ittee. The team  m ust be trained by an expert. A t the end o f  
the training period, the m em bers d on ’t have to b ecom e an expert, but they w ill
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5. G ive the responsibility for the operator. T his step occurred just b efore the SPC  
execution  begin. M anagem ent should g ive  the process operator responsib ility  for 
m aintaining the SPC control charts for taking appropriate action.
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2 .1 .1 .2 .3  T he E xecution Phase

There are nine steps in the execution  phase

1. Flow C hart Process. This is the very first process in the execution  phase. F low  
charting o f  the process to w hich  SPC w ill be applied. The graphic representatives 
o f  all p rocess and the steps betw een  them  can be easily  understood. A fter flow  
chart is com pleted , and everybody agrees that it represent the w ay the process  
actually w orks. The charts should be placed in the p rocess location. This w ill 
provide the inform ation for everybody in the SPC team to be involved .

2. E lim inate the sp ec ia l C auses o f V ariation. N o w  all o f  the SPC team  m em bers 
understand the process, it is tim e to identify and elim in ate the special cau ses o f  
variation. The first thing to do it the u se  o f  the fish bon e diagram  as one o f  the 
seven  total quality tools. The fishbone diagram w ill list all o f  the factors that 
m ight im pact the output in a particular way. Then by applying the other tools,

’ such as pareto charts, histogram s, the special cau ses can be identified  and 
elim inated. Until the specia l cau ses that are w orking on the p rocess at that tim e are 
elim inated, the next steps w ill be d ifficu lt or im possible. E lim ination o f  the special 
cause, should be a jo in t betw een  the process operators, engineering, and quality  
assurance personnel, w ith  additional help from  other departm ents as required. 
A nother im portant thing is to keep the operators at the center o f  the activity, as 
this w ill g iv e  them  ow nership  as w e ll as precious experience.

3. D evelop C ontrol C harts. A fter elim inating o f  special causes, it is n ow  p ossib le  to  
observe the process free by external factors. The statistics expert, or consultant, 
can n ow  help d evelop  the appropriate control charts and calcu late valid upper and 
low er control lim its and process avenges. Selection  o f  the control chart type w ill 
be determ ined by the kind o f  data to be used. 4

4. C ollect and Plot SPC Data. A fter the special cau ses is rem oved, and w ith  the 
p rocess running w ith out any break dow n, the process operator takes the sam ple  
data (as sp ecified  by the statistics expert) and p lo ts it on  the control chart at 
regular intervals. The operator carefully ob serves the location  o f  the plots,
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k now ing that they should be inside the control lim its, w ith the pattern varying  
random ly about the process average i f  the process is in control.

5. D eterm ine Process C apability. It is im portant to determ ine w hether the process 
is capable o f  doing w hat is exp ected  o f  it. The process is capable i f  its frequency  
distribution is a bell-shaped curve centered on the specification  average, or 
narrower than the sp ecification  lim its. W ith the bell curve centered on the  
sp ecification  avenge, and the sp ecification  lim its coincident w ith the 6 a  spread o f  
the bell curve. I f  the sp ecification  lim its are inside the 6 a  spread, then the d efect 
rate w ou ld  be higher; i f  they are outside (the bell curve is narrower than the 
lim its), the d efect rate w ould  be lower. It is p ossib le  to have a process that is in 
control and still not capable o f  m eeting the custom er's sp ecification s. W hen this is 
the case, it is up to m anagem ent to replace or upgrade the p rocess capability w hich  
m ay require the purchase o f  n ew  equipm ent.

\

6. R espond to Trends and O ut-O f-L im its Data. A s data are plotted, the operator 
m ust respond to any run o f  data above or b elo w  the process average line. Either o f  
these is an indication  that som ething is w rong within the p rocess or that som e  
external factor affected by a special cause has in fluenced  the process. W ith  
experience, operators may be able to handle m any situations by their ow n. But 
w h en  they cannot, it is important that they call for help im m ediately. The process  
must be stopped until the cause is identified  and rem oved. This is one o f  the m ost 
im portant functions o f  SPC, let the operator know  there is a problem  early enough  
to prevent the production o f  d efectiv e  products. The on ly  w ay  to  respond in such  
cases is by im m ediately  elim inating the problem , 7 *

7. Follow  SPC  D ata. The SPC C om m ittee and m anagem ent should pay c lo se  
attention to the SPC data that are generated on the production line. B y  d oing  this,
it w ill g iv e  them  an correct picture o f  their production capability, the quality o f  
their p rocesses, and w here they should concentrate for im provem ent. A nother  
benefit o f  d isp lay in g  this level o f  interest in SPC is that the operators and their 
support functions w ill k n ow  that m anagem ent is truly interested in the program. 
So, they w ill g iv e  it the attention and care appropriate to a high level beginning.
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8. E lim inate the Root C auses o f A ny New Special C auses o f V ariation.
O ccasion ally , new  special cau ses w ill com e up, even  in p rocesses that have long  
been in control. W hen this happens, the operator w ill k n ow  it because the SPC  
data w ill go  out o f  lim its to one side or the other o f  the control chart center line. It 
is im portant that the root causes o f  these special cau ses be elim inated  in order to 
prevent their reoccurrence. For exam ple, i f  the purchasing departm ent placed an 
order for the next lot o f  raw material from  a different vendor because its price w as  
cheaper than the current supplier. It is p ossib le  that the material com in g  from the 
new  source m ight effect in the process, sh ifting the process. The root cause may 
not be the new  material. It w ould  seem  that the root cause o f  the problem  is 
purchasing rules to order from the cheapest source. E lim inating this root cause  
m ay require a m anagem ent approved procedure m andating the use o f  preferred 
suppliers. A t last, there should be an agreem ent that purchasing w ould  not order 
m aterials from  a new  supplier w ithout certified by quality assurance and 
m anufacturing personnel. This is a case w here the operator in itiates the action but 
m anagem ent has to fin ish  it. W herever the help must com e from , it has to he 
readily available. 9

9. C ontinuous Im provem ent. A fter all o f  the process under control and the special 
cau ses elim inated , continuous im provem ent can be im plem ented. This m eans the 
process average should be centered on the sp ecification  average.T he  
im provem ents, centering the process on the sp ecification  average and narrowing  
the lim its-w ill result in few er parts failing to m eet the sp ecification s. Scrappage 
w ill be reduced. The process w ill b ecom e m ore pow erful, quality w ill im prove, 
and costs  w ill decrease. W hat to do is finding w ays to im prove the p rocesses w ith  
SPC. A n yon e w h o  has the understanding o f  the p rocesses necessary to see and 
understand the Problem s. So, the real im provem ent w ill be succeeded .
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2.1.1.3 A dvantages o f SPC

A s m entioned in the section  above that SPC tightened control over the process. This 
w ill leads to im provem ent o f  the process, reduction quality cost, low er rejects, reduce 
w aste  tim e. T his w ill be described below .

1. L ow er variability m ay result in im proved product perform ance that is d iscernible  
by the custom er. Sullivan (1 9 8 4 ) describes a case o f  tw o  m anufacturing plants 
m aking the sam e product. The first plant had no product outside sp ecification s, 
but the distribution w as virtually rectangular, w ith  a large percentage o f  product 
c lo se  to the sp ecification  lim its. In contrast, the second  plant had som e product 
outside o f  sp ecification  lim its, but the distribution w as normal and w as 
concentrated around the target value. The result w as products from  the first plant 
get m ore com plaints from  custom ers. The higher internal lo ss  due to  com plaints 
m ay leads to  low er future sales.

2» L ow er variability results in less  need for inspection. For exam ple, i f  the process  
can ensure that all the products has the sam e quality, the inspection  at on ly one  
p iece per lot is enough. This leads to low er cost o f  in sp ection  and higher  
com p etitive  advantages.

3. L ow er variability m ay be a com p etitive  factor in having high market share. 
N ow ad ays, industrial custom ers realize that high variability o f  purchased material 
and com p onen ts often requires that they m ake frequent and costly  adjustm ents to 
their ow n  p rocesses. This m ay com e from  the preparation for the variability o f  
purchased products. The result is that these custom ers com pare suppliers on  
variability o f  important product characteristics

2.1.1 .4  D isadvantages o f SPC
The d isadvantages o f  SPC can be described as w h en  the peop le  w h o  

im plem enting SPC d oes not have full understanding o f  the con cep t o f  the SPC. This 
m ay leads to  other w rong im plem entations in the com pany. For exam ple, w rong  
se lection  o f  the m easurem ent process, lack o f  m anagem ent com m itm ent and 
im plem enting SPC actively.
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A nother d isadvantage w h en  lack o f  m anagem ent enforcem ent is the peop le in 
the com pany m ay think that the im plem entation  o f  SPC w ill increase their w ork. This 
leads to the resistance in im plem enting SPC.

A s m entioned above, w hen all th ese  things happened, it w ill not im prove the 
process after im plem enting. It may w o rse  than not im plem enting SPC. It w astes a lot 
o f  m aterials, p eop le  and tim e.

2.1 .2  T h e control ch art for fraction  n on con form in g

2.1.2.1 Fraction nonconform ing

The fraction nonconform ing is the ratio o f  the number o f  non conform ing item s 
in a population to the total number o f  item s in that population. The item s m ay have  
several quality characteristics that are exam ined sim ultaneously  by the inspector. If  
the item  d oes not m eet the standard on one or m ore o f  these characteristics, the item  is 
classified  as nonconform ing. W e usually  use the word fraction non conform ing as a 
decim al or the percent nonconform ing (w h ich  is 100 tim es the fraction  
nonconform ing) is used. W hen dem onstrating or d isp laying the control chart to the 
production departm ent or presenting the results to the m anagem ent, the percent 
nonconform ing is often  used, as it has m ore clear appearance. W h ile  it is sim ple to 
w ork w ith  fraction nonconform ing, w e  could also analyse the fraction conform ing just 
as easy, resulting in a control chart on  process yield . For exam ple, many 
m anufacturing organizations operate a y ield -m an agem en t system  at each stage o f  their 
m anufacturing process, w ith the first-pass y ield  tracked on a control chart.

The statistical principles o f  the control chart for fraction nonconform ing are 
based on the b inom ial distribution. Suppose the production process is operating in a 
stable w ay, such that the probability that any unit w ill not m atch to sp ecification  is p ,  
and that su ccess iv e  units produced are independent. Then each unit produced is a 
accom p lish m en t o f  a B ernoulli random  variable w ith  parameter p . I f  a random sam ple  
o f  n  units o f  product is selected , and i f  D  is the number o f  units o f  product that are 
conform ing. Then D  has a b inom ial distribution w ith  param eters ท and p ,  that is,
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p \ p (ท
vx p x y - p y - x X  = 0 ,1 ,.........ท

From  the theory o f  binom ial distribution, w e  know  that the m ean and the 
variance o f  the random variable D  are u p  and lip  (1 -p ), respectively.

The sam ple fraction n onconform ing is defined as the ratio o f  the number o f  
nonconform ing units in the sam ple D  to the sam ple size  ท; that is,

.  _ D
p  =  3  ท

From the theory o f  binom ial distribution, the p  va lu e is the random variable. 
Then, the m ean and variance o f  p  are

0.2 = /?(! -p)Ï ท
respectively . The next top ic is to sh ow  h ow  this theory w as applied to the  
d evelop m en t o f  a control chart for fraction nonconform ing. T his is due to the chart 
m onitors the process fraction nonconform ing p ,  so  it is called  th e p  chart.

2.1.2.2 Fraction nonconform ing control chart (p-chart)

From  the general statistical principles based on the Shewhart control chart. If  พ  is a 
statistic that m easures a quality characteristic, and i f  the m ean o f  พ  is equal to  p w

and i f  the variance o f  พ  is o l  , then the general equation o f  the Shewhart control chart 
is sh ow n  b elo w  [20],
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U C L =  p w + L o  
C en te r lin e  = p v 
L C L  = p w -  L a

W here L  is the d istance o f  the control lim its from  the center line, m ultiply by the 
standard d eviation  o f  พ . It is norm ally to  ch oo se  L  =3

Suppose that the true fraction n onconform ing p  in the production p rocess is know n or 
is the standard va lu e sp ecified  by the production department. Then, from the 
Equation, the center line and control lim its o f  the fraction n onconform ing control 
chart w ou ld  be as show n below .

The procedure o f  construct this chart w as show n b elo w
1. Taking subsequent sam ples o f  ท units.
2. C om puting the sam ple fraction n onconform ing p  ,
3. P lotting the statistic p  on the chart.

A s long as p  rem ains w ith in  the control lim its and the plotted points d oes not 
sh ow  any nonrandom  pattern, w e  can con clud e that the process is in control at the 
level p .  I f  any point p lots outside o f  the control lim its, or i f  any nonrandom  pattern in 
the plotted area is observed, w e  can con clu d e that the process fraction n onconform ing  
has shifted to a n ew  level and the process is out o f  control.

Fraction N on con form in g C ontrol Chart: Standard G iven

C en te r lin e  -  p
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W hen the p rocess fraction nonconform ing p  is not know n or has not been  
sp ecified  by the production departm ent, then it must be estim ated  from  the previous 
data. The usual procedure is to  se lect m  prior sam ples, each  o f  s ize  ท. A s a general 
rule, m  should be 20 or 25. Then i f  there are Dj n onconform ing units in sam ple i, w e  
com pute the fraction nonconform ing in the /th sam ple as [20]

P i  ' = 1, 2, 3 , ...... , m

And the average o f  these individual sam ple fractions n onconform ing is

L A  L Â
 ̂ ~ mn ~ m

The statistic p  estim ates the unknow n fraction n onconform ing p .  The center 
line and control lim its o f  the control chart for fraction nonconform ing are com puted as 
defined b elow . [21]

2.1.2.3 Fraction N onconform ing C ontrol Chart: No Standard Given

ucl=p +}J pILz£Ï

C en te r lin e  =  p

LCL=P-3JC C C  ■

The control lim its show n in the above equation should be called  trial control 
lim its. The sam ple va lues o f  /5 1 from  the prior subgroups should be plotted into the 

trial lim its to test i f  the process w as in control or not. A ny points that exceed  the trial 
control lim its should be investigated. I f  assignable causes for these points are found, 
they should be rejected and new  trial control lim its should be recalculated
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I f  the control chart is based on a know n or standard sp ecified  value for the 
fraction nonconform ing p ,  then the calcu lation  o f  trial control lim its is not necessary. 
S om etim es it m ay be p ossib le  to im prove the level o f  quality by u sin g  target values. 
This w ill force the em p lo yee  to bring a process into control at a level o f  quality. In 
p rocesses w here the fraction nonconform ing can be controlled  by sim ple process 
adjustm ents, target va lues o f  p  m ay be useful.

2.1.2.4 D esign o f the Fraction N onconform ing C ontrol C hart

There are three param eters in the fraction nonconform ing control chart that 
must be sp ecified , the sam ple size, the frequency o f  sam pling, and the w idth  o f  the 
control lim its.

Sam ple size and frequency o f sam pling

N orm ally, both sam ple s ize  and sam pling frequency are related to each other. 
N orm ally  w e  w ill se lect a sam pling frequency appropriate for the production rate, and 
this fixed  the sam ple size.

D uncan (1 9 8 6 )  has su ggested  that the sam ple s ize  should be large enough that 
w e have approxim ately a 50%  chance o f  detecting a process shift o f  som e sp ecified  
amount. A ssu m in g that the normal approxim ation to the binom ial w as applied, w e  
should ch o o se  ท so  that the upper control lim it w ill exactly  m atch w ith  the fraction  
nonconform ing in the out-of-control state. I f  5  is the m agnitude o f  the p rocess shift, 
then ท can be calcu lated  by the equation b elow .

r - Tท - p i } - p )

W idth o f the control lim its.

T h ree-sigm a control lim its are usually  used on the control chart for fraction  
n onconform ing b ecau se o f  they have w orked w ell in practice. N orm ally, narrower



control lim its w ou ld  m ake the control chart m ore sen sitive  to sm all shift in p.  But the 
narrower the control lim its, the m ore the com pany have to pay. In som e case, w e  have 
seen  narrower lim its used to  force im provem ent in process quality. Care must be 
taken in this, how ever, as too many false alarm s w ill destroy the operating p erson n el’s 
con fid en ce in the control chart procedure.

2.1.2.5 Hypothesis Tests on a Binomial Proportion

In the m anufacturing system  w here the b inom ial param eterp  represents the proportion  
o f  d efective  item s produced. To check  w hether the p value or the percent d efective  
m eets the standard va lu e or not, m any engineering d ecision  problem s include  
h ypothesis testing about p.

W e w ill con sider testing
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H *  p  =  p  0 
H \ '■ p  * P o

A n approxim ate test based on the normal approxim ation to the binom ial w ill be given . 
A s noted above, this approxim ate procedure w ill be valid  as lon g  as p  is not 
extrem ely c lo se  to zero or one, and i f  the sam ple s ize  is relatively large. Let X  be the 
num ber o f  observations in a random sam ple o f  s ize  ท that b elon gs to the class 
associated  w ith  p .  Then, i f  the null h ypothesis H0 : p  = Po is true, w e  have X ~ N  ( npoI 
npo (1 - Po)), approxim ately. T o test Ho : p  = Po, calcu late the test statistic [21],

z  X - n p  0 
\jrlP 0 ( 1 -Po)

^  > Z a,  2 0 r  z 0 <  z  a l l

And reject Ho : p  =  Po, i f
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Critical reg ion s for the on e-sid ed  alternative hypotheses w ou ld  be constructed and has 
the equation show n b elo w

z n = p  ~ Po
\ j p  oO - P o ) / l1

This equation above w ill be used to test the d ifference in the fraction o f  d efective  
item s in m anufacturing.

2.1.2.6 Interference on two population proportions

W e n ow  consider the case w here there are tw o binom ial param eters o f  interest, say, P i  

and p2, and w e  w ish  to  draw inferences about there proportions. W e w ill present large 
sam ple h yp oth esis testing and con fid en ce  interval procedures based on the normal 
approxim ation to the binom ial.

2.1.2.7 Large-Sample Test for Ho; Pi = P2

Suppose that the tw o  independent random sam p les sizes ท1 and ท2 are taken from  tw o  
populations, and let Xi and x 2 is the number o f  d efectiv es item s in the sam ples 1 and 
2, respectively. Furthermore, suppose that the normal approxim ation to the binom ial
is applied to each population, so  that the estim ators o f  the populations p  1. = X ] /  ท 1

and P 2 =  X 2 เ ท 2 have approxim ate normal distributions. W e are interested in 
testing the h yp oth eses [21]

/ /„  P  1 ~  p  2 H\ P1

T o test statistic for H 0 : p  1 =  p  2 is then



22

P i  -  P :

/3 0 - / 3 ) r —  +  — ^v". + " 2  y

2.2 Literature Review

Aritonang, Y. M. Kinley (1996); Optimization O f On-Line Quality Control.

T his research is develop ed  to determ ine the optim al control lim its o f  the 
production p rocess w hen the product quality characteristic is continuous w ith a 
sudden shift in its level value. The procedure u ses the lo ss function and M arkov  
theory to derive a long-run expected  total cost m odel or equation o f  the production  
process. The optim al control lim it is com puted by taking the first derivative o f  the 
m odel and setting it to zero. The application o f  the procedure w as illustrated with an 
exam ple. The procedure is com pared w ith  the traditional x-chart; the com parison  
sh ow s that this procedure's expected  cost per part value is sm aller than that o f  the 
traditional x-chart. A nother procedure has a lso  been develop ed  for decid ing whether 
the production process is stopped and the adjustm ent to the process is perform ed, or if  
the production process is continued. In this case, the product quality characteristic is 
also assum ed to  be continuous w ith  a gradual linear shift in its lev e l value. The 
procedure uses the least square m ethod for updating som e o f  the parameters. For each  
batch, the lo ss function is also used to derive the cost m odel. Som e factors w ere also  
considered  in deriving the m odel. The process is stopped and an adjustm ent is 
perform ed i f  the total exp ected  future cost is b igger than the initial cost in addition to 
the adjustm ent cost and the cost due to inspection  lag. Y he application o f  the 
procedure is illustrated by perform ing the process sim ulation. This procedure has also  
been com pared w ith  the trended x-chart. The com parison  also  sh ow s that this 
procedure has a sm aller expected  cost per part value than the trended x-chart.

Atichartakarn, Suebpong (1996); Design Methods For Shewhart Control Charts 
Under Unknown Process Variance
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T his research presents d ifferent approaches for the d esign  o f  X  bar ร charts 
w hen the process variance is in itia lly  unknow n. Under an unknow n variance  
assum ption, the RL distribution is not geom etric and, therefore, the A R L is not a 
reliable indicator o f  chart perform ance. Three different approaches are considered: an 
econ om ic, a statistical, and a com bined  econ om ic-statistica l approach. A n econ om ic  
m odel due to von  C ollani is extended to the unknow n variance case. A  sen sitiv ity  
analysis is perform ed using d esign  o f  experim ents techniques to study the effec ts  o f  
the different m odel param eters on the econ om ic  design. Then, a statistical approach  
based on the RL distribution is considered. The question o f  h ow  large should  the 
number o f  degrees o f  freedom  be before a 'known' variance can be assum ed is studied  
based on the RL control chart perform ance.

B ennett, Richard Lynn (1998); An Investigation And M easurem ent O f The  
Effectiveness O f A dding C ontinuous Q uality Im provem ent P roblem -Solving  
Team s To T he A ssem bly Plant Floor

The purpose o f  this study w as to in vestigate and m easure the e ffec tiv en ess o f  
adding continuous quality im provem ent team s to the assem bly plant floor. The study  
in volved  five  sp ec ific  team s that w ere form ed at the Chrysler Sterling H eights 
A ssem b ly  Plant during the start o f  the 1996 m odel year. The researcher co llec ted  data 
during the 1995 m odel year, prior to team  introduction at the assem bly plant, and 
com parable data during the 1996 m odel year, after team s w ere added, to determ ine 
quality im provem ent factors. S p ecifica lly , this study sought to determ ine: (a) w ould  
prob lem -so lv in g  team s, w h en  added to the assem bly plant floor, have an im pact on  
quality; and (b) w ou ld  the variables identified  in this research (sk ill levels, 
con viction s, release tim e, prob lem -so lv in g  tim e, responsib ility  and accountability, 
trust and com m itm ent, and use o f  their sk ills) point to h ow  team  variables correlate 
and have an im pact on quality in the assem b ly  plant.

C assady, C harles R ichard (1997); Statistical Q uality C ontrol T echniques Using  
M ultilevel D iscrete Product Q uality M easures.

This research is about statistical quality control, w h ich  is the application o f  
statistical m ethods to problem s for w h ich  it is o f  interest to evaluate, establish, or



verify the quality o f  a product. The tw o  basic areas o f  statistical quality control that 
have received  both the greatest attention in the literature and the w id est acceptance in 
industry are acceptance sam pling and statistical process control. In the m ajority o f  
such techniques, a sin g le  characteristic o f  an item  is used to describe its quality. In 
such cases, on e o f  tw o  basic types o f  product quality m easures is typ ica lly  used, 
attributes product quality m easures and variables product quality m easures. V ariables 
product quality m easures evaluate an item's quality by m easuring its quality  
characteristic on a continuous scale. Attributes product quality m easures assign  a 0 to 
an item  i f  its characteristic is con form ing to som e sp ecification , and 1 i f  its 
characteristic is nonconform ing.

A lth ough  attributes and variables product quality m easures have m any 
appropriate applications, there are m any situations in w h ich  product quality is best 
described by c la ss ify in g  a sin g le  characteristic o f  the item  usin g three or m ore discrete  
levels. A  m u ltilevel d iscrete product quality m easure is a function  that assigns a 
num erical va lu e to such an item  corresponding to the level in w h ich  it is c lassified . 
Several acceptance sam pling plans and control charts that incorporate the use o f  
m u ltilevel d iscrete product quality m easures are defined here. In addition to  the 
m u ltilevel d iscrete product quality m easure, each o f  the defined m ethods u tilizes a 
quality va lu e function. A  quality va lu e function assign s a num erical va lu e to an item  
based on the cla ssification  it receives from  the m ultilevel d iscrete product quality 
m easure. Each o f  the defined m ultilevel acceptance sam pling plans and m ultilevel 
control charts is evaluated  w ith  respect to its probabilistic behavior. In addition, the 
problem  o f  param eter se lection  and quality value function sp ecifica tion  is addressed  
for each o f  the defined  techniques. The cases considered  are the 3 -level case, the 4- 
level case, and the general j -lev e l case.

C heng, C hill-Y uan (1997); T he Design A nd E valuation O f T he A daptive X -B ar  
C hart W hen It Is Used W ith Either Z one C ontrol C hart C riteria O r A t& T  Runs 
Rules.
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T his research applies the con cep t o f  adaptive sam pling techniques to an X-bar 
chart w h en  it is used w ith  Z on e Control Chart criteria or A T & T  runs rules. The 
w eigh ted  A verage T im e to Signal (A T S ) is used as the control chart perform ance
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criterion. B ased  upon the results o f  the research, the adaptive X-bar charts w ith  either 
Z one Control Chart criteria or A T & T runs rules detect a sm all shift in the process 
center better than the conventional X -bar chart w ith either Z on e Control Chart criteria 
or A T & T  runs rules. A ctual situations may vary case  by case; h ow ever, based on 
exp ected  va lu es, the adaptive X-bar chart w ith either Z one Control Chart criteria or 
A T & T  runs rules provides better pow er o f  detection  w hen the center shift is less  than
1.5 units o f  the process standard deviation. E ven w h en  the p rocess shift is greater than
1.5 units o f  the process standard deviation , the adaptive X -bar charts g ive  results 
acceptably c lo se  to the conventional X -bar chart. Therefore, the adaptive X-bar chart 
is recom m ended.

Dyer, John N elson (1997); Evaluation O f C ontrol C harting T echniques For  
M onitoring autocorrelated  Processes.

T his research is about the applying control charts to  forecast errors arising 
from  autocorrelated p rocesses is considered. The im pact o f  forecast recovery is 
described m athem atically  for four special cases o f  the general A u toregressive  M ovin g  
A verage m odel. The relationship b etw een  exp ected  forecast errors and control chart 
perform ance is exam ined  in regards to traditional, tim e-reversed , and m ultivariate  
control charting sch em es. Perform ance criteria are based on sim ulated average run 
lengths, m edian run lengths, and cum ulative distribution functions. The im pact o f  
forecast recovery on  the perform ance o f  each control chart is a lso  investigated . 
S u ggestion s are m ade concern ing the m ost appropriate control chart for application in 
a variety o f  situations in v o lv in g  autocorrelated processes. The R everse  M oving  
A verage control chart is d evelop ed  and show n to  p ossess g o o d  perform ance  
characteristics w h en  applied to  independent p rocesses, and in m any cases w hen  
applied to  the B ox-Jenkins one-step-ahead  forecast errors arising from  various  
autocorrelated processes. This control chart exhibits lo w  average and m edian run 
lengths as w ell as rela tively  high cum ulative distribution function  va lu es in the o u t-o f
control case. The C om bined  E W M A -Shew hart control chart is sh ow n  to  p ossess  
perform ance characteristics sim ilar to  the R M A  control chart w hen  applied to the 
above processes. The m ultivariate control charts are in vestigated  and show n to  
p o ssess poor perform ance characteristics relative to  their univariate counterparts.



T his research has d evelop ed  m ethods for determ ining the va lu es o f  design  
param eters o f  econ o m ic  X  control charts w ith  m ultip le assign ab le cau ses o f  variation. 
The production p rocess is expressed  as a renewal p rocess and a M arkov process  
w ith in  cy c les . T w o  major m od els that are d evelop ed  for the optim al va lu es o f  d esign  
param eters are (i) the asym ptotic co st m odel and (ii) the asym p totic  cost m odel 
subject to constraints on statistical m easures o f  control chart perform ance. In the  
form ulation o f  the econ o m ic  m od els for the control charts, tw o  typ es o f  costs  are 
considered—internal costs  and external costs. The internal costs  refer to the costs o f  
m aintaining the charts and those resulting from  the production o f  d efectiv e  items. The 
external costs  refer to the quality costs  incurred after shipm ent as considered  by 
Taguchi.

Sam uel, T hom as Raj (1997); C hange Point Estim ation In Q uality Control 
A pplications.

In this research propose the use o f  the m axim um  lik e lih ood  estim ator for the 
tim e o f  a step change in a norm al process m ean fo llo w in g  a signal from  a control 
chart used  to m onitor the process mean. This study u se  M onte Carlo sim ulation  to 
study the perform ance o f  this estim ator fo llo w in g  a signal from  a Shewhart = x  
control chart, a C U S U M  control chart and an E W M A  control chart. T his research also  
study the perform ance o f  built-in change point estim ators in the C U S U M  and E W M A  
control charts. This a lso  conclude that the m axim um  lik e lih ood  estim ator provides an 
accurate estim ate o f  the tim e o f  the process change, and that it perform s better than 
the C U S U M  and E W M A  built-in  estim ators over a range o f  m agnitudes o f  change. 
T hey derive an estim ator for the tim e o f  a step change in a normal p rocess variance. 
T hey apply this estim ator after a signal from  an ร chart. T hey sh ow  that our proposed  
estim ator provides a g o o d  estim ate o f  the change point o f  a norm al p rocess variance, 
particularly in the case  o f  d ecreases in the variance. T hey also  derive a m axim um  
lik e lih ood  estim ator for the tim e o f  a step change in a p rocess fraction  
nonconform ing. This a lso  analyze the perform ance o f  this estim ator fo llo w in g  a signal 
from  an np chart. T hey find that our proposed estim ator perform s w e ll, particularly
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Liu, Ta-Chung (1997); Economic Statistical Design Of X Control Charts With
Loss Function Application.
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W atson , G ene (1997); A ttribute A nalysis O f F inished Product D efect D ata.

T his project analyzed d efect data co llected  during the final inspection  o f  
fin ished  m anufactured m achines. The data w as collected  for a period o f  72  w eeks. 
D uring this tim e a major change w as m ade to the assem b ly  p rocess for these  
m achines. Attribute analysis w as applied to determ ine w hether or not an im provem ent 
in the quality o f  the fin ished  product could be detected after the im plem entation  o f  the 
n ew  process. Pareto charts, trend analysis and statistical process control บ  charts w ere  
used. The results sh ow ed  a fluctuation in the average d efect count per m achine during 
the entire period. A n overall reduction in the average d efect count per m achine w as  
detected at the end o f  the 72 w eek s. A dditionally, a large reduction in the average 
d efect count per m achine w as detected  in the w eek s b efore the startup o f  the new  
process. This can be attributed to the 'H awthorne Effect.'

W right, C hristine M . (1997); E ffectiveness O f Joint Estim ation O utlier D etection  
M ethod For Short T im e Series W ith Q uality Control A pplications.

T his research in vestigated  the u se  o f  the JE outlier detection  m ethod as an on 
line SPC m ethod for short tim e series data through a test o f  over 3 0 ,0 0 0  sim ulated  
tim e series. The m ain research question  w as, h ow  effec tive  is the JE m ethod outlier 
detection  m ethod? The research had tw o goals w ith regard to answ ering this general 
question. First, to determ ine h ow  effec tive  JE is for detecting outliers w h en  they are 
the last observation  in a tim e series. Second , to determ ine h ow  e ffec tiv e  JE is for 
correctly determ ining both the location  and type o f  the outlier correctly.

T his research m akes several contributions to the literature. It sh ow s that JE is 
m uch m ore e ffec tiv e  than a standard SPC m ethod (E W M A ) for detecting the outlier 
w h en  it is the last observation  in the tim e series as w e ll as having a m uch low er fa lse  
alarm rate. This research also sh ow s that JE is very e ffec tiv e  for id en tify in g  outlier  
type w h en  the outlier is not the last observation  in the tim e series g iven  that its 
location  is d etected  correctly. Lastly, an exam p le o f  h ow  to u se  the JE m ethod w ith an

when the subgroup size is large enough to allow the np chart to have a positive lower
control limit.
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actual tim e series is provided for the practitioner as w ell as step by step directions for 
its use. A ll o f  these contributions are particularly im portant because they provide  
support for u se  o f  JE as an on -lin e p rocess control m ethod regardless o f  the length o f  
the tim e series involved .

Y i, Junsub (1997); C om parisons O f N eural N etw orks, Shevvhart X , And Cusuni 
C ontrol C harts U nder T he C ondition  O f N onnorm ality.

In this study, neural netw orks are d evelop ed  under conditions o f  nonnorm ality  
as alternatives to standard control charts, and their perform ance is com pared w ith  
those o f  standard X and C U S U M  control charts. The perform ance o f  X control charts is 
also com pared w ith  that o f  C U S U M  charts. The study exam in es the effec ts  o f  
nonnorm ality, m ean shifts, and sam ple s ize  on the perform ance o f  the three m ethods  
to detect ou t-o f-con tro l states. A  heuristic procedure for sp ecify in g  the param eters 
used in the neural netw ork configurations is a lso  d iscu ssed  in detail. T h ese problem  
sp ecific  param eters include learning rate, m om entum , and num ber o f  hidden layers 
and neurons. The neural netw ork approach presented in this study offers a com p etitive  
alternative to the ex istin g  control sch em es. E xten sive  com parisons sh ow ed  that the 
neural n etw orks appeared to be a better control procedure for detecting sudden  
changes in the process mean.

Z im m er, Lora Susan (1997); C ontributions To A daptive C ontrol C harts

The purpose o f  this research w as to in vestigate the p ossib ility  that increasing  
the num ber o f  states w ill increase the perform ance o f  an adaptive Shew hart control, 
com pare adaptive Shew hart control charts proposed in this research w ith  those  
d evelop ed  in p revious research on the basis o f  average run length or average tim e to 
signal perform ance, determ ine h ow  w e ll a tw o-sta te  adaptive control chart schem e  
w ork s for adaptive control charting sch em es usin g the published tw o-sta te  results and 
this research, and to  produce gu idelin es for d esign ing  adaptive Shew hart control 
charts. The original contribution o f  this research w as the d evelop m en t o f  the three- 
state and four-state adaptive X  control charts. In addition, several subsequent findings  
w ere noted. T he m ost im portant finding w as the addition o f  the third state on an
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adaptive control chart did not significantly improve the performance o f the X control
chart. Therefore, a two-state adaptive control chart was recommended.
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