
THEORY AND LITERATURE SURVEYS
2.1 Theory

According to Lord Kelvin’s statement* , it describes the purposes of carrying out 
experiments, namely to find out what factors have an effect in a given situation and 
particularly to measure the magnitude of these effects. So, for example, to compare a 
number of alternative production methods, the factor(s) of interest are varied and the 
effect on some characteristic of the product IS measured.

It is essential that in any investigation the “scientific Method” is employed. 
Scientific method refers to certain principles of carrying out investigations which have 
been found to be essential for valid conclusions to be drawn. It involves being objective 
and unbiased, the onus of proof being on the person putting forward a theory; quantifying 
(expressing measurements in numbers) wherever possible and constructing and 
rigorously testing models before using them for investigation.

In the majority of situations, several factors can have an effect on the outcome. 
The “classical” approach to experimentation as used in physics and chemistry 
laboratories and in man school and chemistry laboratories is to hold all factors except one 
constant, vary this factor and measure the response. This is not practical in situation 
outside laboratories either it is very uneconomic and time consuming or certain factors 
cannot be controlled. For instance:
In industry, many factors will affect production processes and for practical reasons 
conditions cannot be controlled so that they will not affect the production processes. 
Production is essential fro the survival of the organization and so cannot be stopped or 
interfered with for the sake of an experiment. Also, for investigations into what affects 
the quality of a process, the process, the process has to be maintained within very close 
specification limits, so defective items cannot be produced as part of an experiment.

The variability present in these situations is often greater than the response that it 
is hoped to defect. This is overcome by very careful planning, which bases responses on 
comparisons and uses statistical method of analysis. These statistical techniques compare 
the differences in responses with the variability or error in the results to see whether the 
differences are significantly greater than the error or whether they could have occurred by 
chance.
*Kelvin, Lord พ. T., Popular Lecfares and Addresses, v l, pp80, Macmillan, London, 1891.

At first sight, this may seem ridiculous -  the importance or relevance of factors 
whose responses are masked by the inherent variability of the situation may be 
questioned. As an example, consider the comparison of two measuring instruments. The 
precision of these instruments should be one tenth of the tolerance that they are 
measuring, A sample of identified components would be masked by the variation in the
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size of component. This can be overcome, though, by looking whether at the difference 
between the measurements on each component and statistically testing whether the mean 
difference is significantly different from zero. The difference between components is thus 
eliminated from the measurement of the difference experimental method cannot be used 
in many situations.

Another major criticism of the classical technique is economy. Time is often 
short, for example in urgent investigations, and resources are always limited. 
Consequently, experiments which just vary one factor at a time are impractical because 
they are so wasteful. To overcome this inefficiency, to enable the comparison of several 
factors, to detect any inter-actions between factors and to get the maximum amount of in 
formation for the effect put into a experiment, statisticians have developed a series of 
techniques for both conducting the experiments and analyzing the results. These are 
known under the collective title of The Statistical design and Analysis of Experiments.

The method were developed in the 1920’s and 1930’s mainly by Sir R A Fisher, a 
geneticist and agricultural researcher, and his colleagues at Rothamsted Experimental 
Station. They were concerned mainly with agriculture and biological experiments so 
much of the terminology used has agricultural connotations-plots, block, treatments, etc. 
However, many of die principles and techniques are relevant to otiier fields of 
investigation, particularly technological and industrial, although the emphasis is different 
because certain conditions differ. Agriculturalists have a major constraint in that they 
often have to wait a whole year to get their results. In industry on the other hand 
experiments can นรนฟly be repeated within a short time. In agricultural experiments the 
results are often available all at once whereas in industry the results may come in one at a 
time. In industrial investigations the experimental errors may be smaller in proportion to 
die effects sought and the cost of the individual experiments may be considerable. 
Therefore experimental designs which ate appropriate to agriculture may not be very 
efficient in industry.

Most industrial investigations should be designed and analyzed statistically 
because the speed, economy and other advantages. Yet, die inefficient and unsatisfactory 
classical method is used more often than not because the statistical design and analysis of 
experiments is not widely understood.

The main industrial applications have been in the chemical and process industries 
where the techniques have been found to yield very big dividends to the companies 
concerned. In these industries the problems are frequently so complex that to study die 
underlying causes of all the many effects observed would involve a prohibitive amount of 
work. In such cases empirical investigations based on statistical principles can be used to 
find the optimum conditions for operating the process. Having said this the classical 
approach is sometimes appropriate. For example in laboratory work for the determination 
of fundamental constants or properties of substances or other circumstances in which the 
factors concerned are known to be controllable. Though even here statistical methods 
may be useful in assessing the errors involved. The studies to find out what factors do 
have some effect.
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A good experimental design is one which furnishes the required information with 
the minimum of effort. The requirement of a good experimental design can be 
summarized:

- The question to be answered must be correctly formulated.
- The experimental method; that is the choice of treatments, experiment imits, 

responses to be measured, etc must take account of the precision required and the various 
pitfalls and problems which are likely to be encountered.

- Experimental imits receiving different treatments should differ in no systematic 
way from one another- assumptions that certain sources of variability are absent or 
negligible should, as far as practicable be avoided.

- Random errors of estimation should be suitably small, and this should be 
achieved with as few experimental units as possible.

- The conclusions should have a wide range of validity and application.
- The experiment should be simple in design and analysis.
- A proper statistical analysis of the results should be possible without making 

artificial assumptions.
From mathematical theory combined with much practical experience, statisticians 

have developed a whole series of experimental designs whose properties are known. 
These have been developed mainly in the areas of agriculture, biology and chemical 
engineering. The application of these to batch and mass production has been limited and 
these are plenty of scope for the development of these techniques. So before applying a 
particular design ensure that the appropriate conditions and assumptions are applicable.

2.2 What is Equipment Design?
A designed experiment is a test or series of test in which purposeful changes are 

made to the input variables of a process so that we may observe and identify 
corresponding changes in the output response. In Figure 4, the process can be visualized 
as some combination of machines, methods and people that transforms an input material 
into an output product, This output product has one or more observable quality 
characteristics of responses, Some of the process variable X i ,  x2, ..., X p  are controllable, 
while others Z i ,  z2, ..., Z p  are uncontrollable.
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Controllable input factors
X 1 ? x2, x p

Input ► Process Output y

1 โ

Z 2J

Uncontrollable input factors 
Figure 4 Illustrated General Model of a Process. ;

The objectives of designed experiment may include
1. Determining which variables are most influential on the response, y.
2. Determining where to set the influential x’s so that y is near the normal 

requirement.
3. Determining where to set the influential x’s so that variability in y is small.
4. Determining where to set the influential x’s that that the effects of the 

uncontrollable variables z are minimized.
Experimental design is a critically important engineering tool for improving a 
manufacturing process. It also has extensive application in the development of 
new processes. Application of these techniques early in process development can 
result in
1. Improve yield.
2. Reduced variability and closer conformance to nominal.
3. Reduced overall costs.
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2.3 Basic Principles
The three basic principles of experimental design are replications, randomization, 

and blocking.
Replication means a repetition of die experiment. Replication has two important 

benefits. First, it allows the experimenter to obtain an estimate of the experimental error. 
This estimate of error becomes a basic unit of measurement for determining whether 
observed differences in the data are really statistically different. Second, if the sample 
mean is used to estimate the effect of a factor in the experiment, the replication permits 
the experimenter to obtain a more precise estimate of this effect.

Randomization means that the order in which the individual runs or trials of the 
experiment are to be performed are randomly determined. Statistical methods require that 
the observations or eirors be independently distributed random variables. Randomization 
usually makes this assumption valid. By properly randomizing the experiment, the effects 
of nuisance variable is balanced out.

Blocking is a technique used to increase the precision of an experiment. This 
technique is used in order to control or remove variability arising from nuisance 
variables. A block is a portion of the experimental material that should be more 
homogeneous than the entire set of material. Blocking involves making comparisons 
among the conditions of interest in the experiment within each block.
2.4 Type of Designed Experiment

By the number of factor, the designed experiment can be classified as single 
factor experiment, factorial experiment, and 2k factorial experiment,

Single-factor experiment is the designed experiment for testing effect of a factor, 
which has more than two levels, on responses.

Factorial experiment is used to study the effects of two or more factors. The 
effects of factors include a main effect and an interaction effect on the interesting 
responses. This experiment is suitable for more than two levels of each factor.

Only two levels of each factor, for two or more factors, especially in several 
factors (K factorial), 2K factorial experiment is widely used to study the joint effect of the 
factors on a response. The 2k design is particularly useful in the early stages of 
experimental work to screen factor that does not affect an response variable out, so called 
the factor screening experiment.

To illustrate the concept of interaction. Suppose that both of our design factors are 
quantitative (such as temperature, pressure, time, etc.). Then a regression model 
representation of the two-factor factorial experiment could be written as

y = po + PiXi + p2x2 + pi2x1x2 + 8
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In Figure 5, the main effect of factor A and B have on an response when factor levels (A', 
A+, B+, and B") change, but there is no interaction effect.

Response

Figure 5 illustrated A Factorial Experiment without Interaction.
Source : Douglas c. Montgomery, Design and Analysis o f Experiments, Introduction to 
Factorial Design, page 1 71

In Figure 6, the main effect of factor A and B have on an response when factor 
levels (A \ A , B+, and B") change . Also there is the interaction effect between factors A 
and B, the two lines are not parallel. -1

Response

Figure 6 illustrated A Factorial Experiment without Interaction.
Source : Douglas c. Montgomery, Design and Analysis o f  Experiments, Introduction to Factorial 
Design, page 171
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2.5 Analysis of Variance
T h e m eth o d  o f  A n a ly s is  o f  V a r ia n ce  (A N O V A ) is  a p p lied  to  th e  d e s ig n e d  

e x p er im en t to  d raw  c o n c lu s io n  ab ou t th e  e f fe c t  o f  factors o n  an  r esp o n se .
For e x a m p le , ex p er im en t w ith  tw o  fa cto rs , th e  h y p o th e se s  ab ou t the m o d e l o f  

o b serv a tio n s , w h ic h  w i l l  b e  te s te d  b y  A N O V A , are a s  fo llo w s .

T h e o b serv a tio n s  r esu ltin g  from  th e exp er im en t are sh o w e d  in  F ig u re  ? m a y  b e  
d escr ib ed  b y  th e  m o d e l

Vijk =  p +  Ti +  pj +  (xp)ij +  Sijk, b y  i =  1 ,2  3 ......... 3 a
j  =  l , 2 , .........5 b
k =  1 , 2 , ............... 3 ท

w h ere  p  is  the o v e r a ll m ea n  e f fe c t , Ti is  th e  e ffe c t  o f  th e  ith  le v e l  o f  th e  r o w  fa cto r  A, Pj is  
th e  e ffe c t  o f  th e  j  th  le v e l  o f  c o lu m n  factor  B , ( t  P)ij is  th e  e f fe c t  o f  th e  in teraction  
b e tw e e n  Ti an d  P j ,  and  8 ijk is  a  ran d om  error com p o n en t. B o th  factors are a ssu m e d  to  b e  
f ix e d , an d  treatm en t e f fe c ts  are d e fin e d  as d e v ia tio n s  from  the o v era ll m ea n , soa b

= 0  and 'Yj P, = 0 .  S im ila r ly , th e  in teraction  e f fe c ts  are f ix e d  and are d e f in e d  su ch
i = i  7 = 1

that ^ (ช ุQ)y =  ^  (tJ3) 11 =  0 . S in c e , there are ท rep lica tes  o f  the ex p er im en t, th ere are
1=1 7=1

abn  to ta l o b serv a tio n s.
Factor B

1 2 ..... b

1

2
Factor A

a

y i n , y i i 2,
• y i ln

y i2 i ,y i2 2 ,  
......... y i 2n

y ib i,y ib 2 >
• ••••) y ib n

Y m , y 212>
• • ••ฯ y 21n

Y221, y222,
•••••ร y 22ท

y2b l, y i2b 2î 
•••••5 y2bn

y ai i , y ai2 , 
• y aln

Ya211 y a22, 
• ••••5 y»2n

y abl,yab2î 
......... yabn

Figure 7 illustrated General Arrangement for a two-factor Factorial Design.
Source : Douglas c. Montgomery, Design and Analysis o f  Experiments, Introduction to Factorial 
Design, page 176
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In  th e  fac to r ia l ex p er im en t, b o th  r o w  and  co lu m n  factors or treatm en t, A  an d  B ,  
are o f  eq u a l in terest. S o  th e  h y p o th e se s  ab ou t th e  eq u a lity  o f  r o w  treatm en t e f fe c ts  w i l l  b e  
tested .

Ho : Ti = โ2 = . . .  =  Ta =  0  
H i  : at le a se  o n e  Ti *  0

A n d  th e  h y p o th e se s  ab ou t th e  eq u a lity  o f  co lu m n  treatm en t e ffe c ts  w i l l  b e  te sted

H o  : P i  = P 2  =  . . .  =  P b  =  0  
H i  ะ at le a se  o n e  Pj ^ 0

F in a lly , th e  h y p o th e se s  a b ou t in tera ctio n  e f fe c t  w i l l  a lso  b e  tested .

H o :  (xP)ij =  0  for  a ll I , j
H i : at le a se  o n e  ะ (xP)ij 0

T h e se  h y p o th e se s  are te s te d  u s in g  A N O V A  o f  the f ix e d  e f fe c ts  m o d e l b y  
co m p u tin g  su m  o f  sq u ares, m ea n  sq u ares, and ratio  o f  m ea n  sq u ares (F 0)  a s  fo l lo w s .

T h e  to ta l su m  o f  sq u a res, m ea n  sq u ares is  c o m p le te d  a s  u su a l b y

ร ร ไ = t i t y V abn

y -  = 1 t i  y«k

T h e  su m  o f  square fo r  th e  m a in  e f fe c ts  are

S S / J -
bn Ü

S S b  =  ^  t / j - -

~abn

abn

T h e su m  o f  sq u ares fo r  th e  in teraction  e f fe c t  is

1l

T h e su m  o f  sq u ares o f  error is

- S S a - S S b

?

S S E =  S S T —S S a  ”  S S b  -S S a b
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S o u r c e  o f  
V a r ia t io n

S u m  o f  
S q u a r e s

D e g r e e s  o f  
F r e e d o m

M ea n  S q u a r e Fo

A treatments SSa a-1 MSa= SSa 
a - 1 ^  m s  ]

B treatments SSb b-1 MS,= ® » 17
F" M S 1

Interaction SSab (a-l)(b-l) MSab-  SSab(a - l) (b - l)
p _ m s æ  

M SE
Error SSe ab(n-l) SSEMSE- Eab(n  - 1 )
Total SSt abn-1
Table 3 The Analysis of Variance Table for the Two Factor.
Source : Douglas c. Montgomery, Design and Analysis o f  Experiments, Introduction to Factorial 
Design, page 180

A n d  Fo^vi, v2  can  b e  o b ta in ed  from  th e ta b le  o f  p ercen ta g e  p o in ts  o f  th e  F  d istr ib u tion , a  is  
th e  s ig n if ic a tio n  le v e l ,  and  V] and V2 are d ie  d e g r e e s  o f  freed om .

In ta b le 3 , w e  w o u ld  re jec t Ho i f  F 0  o f  A  treatm en ts is  m ore than F u 3.1 ab<n-i> w e  c o n c lu d e  
that factor  A  s ig n if ic a n tly  a ffe c ts  an  r e sp o n se . In th e  sa m e  w a y , w é  w o u ld  re ject Ho i f  Fo 
o f  B  treatm en ts is  m o re  th an  F a>b - i ,a b (n - i) ,  w e  co n c lu d e  that factor B  s ig n if ic a n tly  a ffe c ts  an  
r e sp o n se .
A n d  w e  w o u ld  re ject HO o f  FO o f  in teraction  is  m ore th an  F a , ( a - l ) ( b - l ) ,  a b (n - l ) ,  w e  
c o n c lu d e  that th ere  is  an in tera ctio n  e f fe c t  b e tw e e n  the tw o  fa ctor  o n  an  r e sp o n se .

2.6 Model Adequacy Checking
A s  th e  a n a ly s is  o f  v a r ian ce  a ssu m e s  that th e  m o d e l errors are n o rm a lly  an d  in d ep en d en tly  
d istr ib u ted  w ith  th e  sa m e  v a r ia n ce  in  e a c h  factor  le v e l, ab b rev ia ted  N I D (0 , a 2) ,  th e se  
a ssu m p tio n s  can  b e  c h e c k e d  b y  e x a m in in g  th e  resid u a ls. A  resid u a l is  d e fin e d  a s  the  
d iffe r e n c e  b e tw e e n  th e  actual o b serv a tio n  and  th e  v a lu e  that w o u ld  b e  o b ta in ed  fro m  a 
lea st-sq u a res  f it  o f  th e  u n d er ly in g  a n a ly s is  o f  var ian ce  m o d e l to  th e  sa m p le  data. F or  
e x a m p le , th e  resid u a ls  for  th e  tw o -fa c to r ia l m o d e l are

eijk= Y ijk -ÿ ijk  or  
Cijk= yijk -  y  ijk

T h e  n o rm a lity  a ssu m p tio n  c a n  b e  c h e c k e d  b y  co n stru ction  a  n orm al p ro b a b ility  p lo t  o f  
th e  r es id u a ls , p lo ttin g  resid u a ls  ran k ed  in  a sc e n d in g  order (k ) v ersu s  th eir  cu m u la tiv e  
p ro b a b ility  p o in ts  P k  — (k -0 .5 )/n , ท is  n u m b er  o f  a ll ob serv a tio n s in  th e  exp erim en t.

T o  c h e c k  th e a ssu m p tio n  o f  eq u a l varian ce, at e a c h  factor  le v e l ,  p lo t  th e  resid u a ls  
a g a in st th e  fa ctor  le v e l  and  th e  fitted  v a lu e s , and th en  com p a re  the sp read  in  th e  resid u a ls .
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2.7 Duncan’s Multiple Range Test
A  p roced u re  is  w id e ly  u se d  fo r  co m p a r in g  in d iv id u a l m ea n s o f  e ith er  factor , e ith er  

th e  r o w  a v e r a g e s  or th e  c o lu m n  a v e r a g e s , w h e n  u s in g  the f ix e d  e f fe c ts  m o d e ls .
F or  e x a m p le , tw o -fa c to r  fa ctor ia l ex p er im en t, Rp in  the eq u a tio n  b e lo w  are u se d  

to  co m p a re  w ith  d iffe r e n c e  b e tw e e n  tw o  m ea n s.

F rom  D u n c a n ’s  tab le  o f  s ig n if ic a n t  ra n g e s , ob ta in  th e  v a lu e  ra ( p , / ) ,  fo r  p = 2 , 3 , ......... 3 a  or
b , w h e r e  a  is  th e  s ig n if ic a n c e  le v e l  a n d  f  is  the n u m b er o f  d e g r e e s  o f  freed o m  for  error,

2.8 Choice of number of replicates
O p eratin g  ch aracteristic  cu rv e  can  b e  u sed  to  fin d  th e  n u m b er o f  rep lica te s  fo r  th e  

d e s ig n e d  ex p er im en t, for  the tw o -fa c to r  factor ia l exp er im en t, u s in g  th e  fo l lo w in g  
form u la .

w h ere  ท id  th e  n u m b er o f  r ep lica te s , a  le v e ls  o f  factor  A , b  le v e ls  o f  factor  B ,D  is  th e  
d iffe r e n c e  in  m ea n , a  is  standard  d ev ia tio n , Vi =  b -1 , and น2 -  a b (n - l ) .  U s in g  €> r esu ltin g  
fro m  tr ia ls o f  ท, a ,  น 1 an d  ท2  in  th e  o p era tin g  ch aracteristic  cu rve  lea d s  to  p r isk  that c o u ld  
b e  a ccep ta b le  to  se le c t  th e  n u m b er o f  rep lica te s .

2.9 Guideline for Designing Experiments

M o n tg o m e r y  (1 9 9 1 )  g iv e s  an o u tlin e  o f  th e  reco m m en d ed  p roced u re  a s  fo l lo w s .

2.9.1 Recognition of and Statement of the problem
In p ra ctice , it is  o ften  d if f ic u lt  to  r e a liz e  that a  p ro b lem  req u irin g  form al d e s ig n e d  

e x p er im en ts  e x is ts , so  it m a y  n o t b e  e a sy  to  d e v e lo p  a  clear  and  g e n e r a lly  a c c e p te d  
sta tem en t o f  th e  p ro b lem . H o w e v e r , it  is  a b so lu te ly  e sse n tia l to  fu lly  d e v e lo p  a ll id ea s  
ab ou t the p ro b lem  an d  ab ou t th e  s p e c if ic  o b je c t iv e s  o f  th e  exp erim en t.

A  c lea r  sta tem en t o f  th e  p ro b lem  and  th e o b je c tiv e s  o f  th e  e x p er im en t o fte n  
con tr ib u te  su b sta n tia lly  to  b etter  p r o c e ss  u n d erstan d in g  and even tu a l so lu tio n  o f  th e  
p ro b lem .

Rp =  ra (p 3/ )  ร  y  i j .  fo r  p =  2 , 3 ......... , a  or b
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2.9.2 Choice of Factor and levels
T h e ex p erim en ter  m u st c h o o s e  tile  factor  to  b e  varied  in  th e  ex p er im en t, th e  ran ge  

o v er  w h ic h  th e se  fa c to rs  w i l l  b e  v aried , and  th e  s p e c if ic  le v e ls  at w h ic h  ru n s w il l  b e  
m ad e. P r o c e ss  k n o w le d g e  in c lu d in g  p ractica l e x p e r ie n c e  and th eo re tica l u n d erstan d in g  is  
required  to  do  th is. T h is step  d e term in es  ty p e  o f  ex p er im en t w h eth er  s in g le -fa c to r  
ex p er im en t or fa ctor ia l e x p er im en t or 2 k factor ia l exp erim en t.

2.9.3 Selection of the Response Variable
Inn se le c t in g  th e  r e sp o n se  v a riab le , th e  ex p erim en ter  sh o u ld  b e  certa in  that the  

variab le  rea lly  p r o v id e s  u se fu l in fo rm a tio n  ab ou t the p r o c e ss  under study. M o st  o fte n  the  
a v erage  or standard d e v ia tio n  (or  b o th ) o f  th e  m ea su red  ch aracteristic  w i l l  b e  th e  re sp o n se  
variab le.

2.9.4 Choice of Experience Design
C h o ic e  i f  d e s ig n  in v o lv e s  co n sid era tio n  o f  n u m b er o f  r e p lic a te s , s e le c t io n  o f  a  

su itab le  run order fo r  the exp er im en ta l tr ia ls , and w h eth er  or n or b lo c k in g  or oth er  
ran d o m iza tio n  restr ic tio n s are in v o lv e d .

2.9.5 Performing the experiment
W h en  ru n n in g  the e x p er im en t, it is  v ita l to  carefu lly  m o n ito r  th e  p r o c e ss  to  en su re  

that ev ery th in g  is  b e in g  d o n e  a cco rd in g  to  p lan . Errors Error in ex p er im en ta l p roced u re  at 
th is  s ta g e  w il l  u su a lly  d estro y  ex p er im en ta l v a lid ity . U p -fron t p la n n in g  is  cru c ia l to  
su c c e ss . It is e a s y  to  u n d erestim ate  th e  lo g is t ic a l and  p la n n in g  a sp e c ts  o f  ru n n in g  a  
d e s ig n e d  ex p er im en t in  a  c o m p le x  m a n u factu rin g  en v iron m en t.

2.9.6 Data Analysis
S ta tistica l m eth o d s sh o u ld  b e  u se d  to  a n a ly z e  the data  so  that re su lts  an d  

c o n c lu s io n s  are o b je c tiv e  rather than ju d g m en t. I f  th e  ex p er im en t h a s b e e n  d e s ig n e d  
co rrectly  an d  i f  it h a s  b e e n  p erfo rm ed  a cco rd in g  to  th e  d e s ig n , th en  th e ty p e  o f  sta tis tica l 
m eth o d s req u ired  is  n o t e lab ora te . M a n y  e x c e lle n t  so ftw a re  p a c k a g e  are  a v a ila b le  to  a ss is t  
in  th e  data  a n a ly s is , and  s im p le  gra p h ica l m eth o d s p la y  an im p ortan t ro le  in  data  
in terpretation . R e s id u a l a n a ly s is  and m o d e l v a lid ity  c h e c k in g  are a lso  im portant.

2.9.7 Conclusions and Recommendations
O n c e  th e data h a v e  b e e n  a n a ly zed , the exp er im en t m u st d raw  p ractica l 

c o n c lu s io n s  ab ou t th e  resu lts  and  r eco m m en d  a co u rse  o f  a c tio n , G rap h ica l m e th o d s  are 
o fte n  u se fu l in  th is  s ta g e , p articu larly  in  p resen tin g  th e resu lts  to  other. F o llo w -u p  runs 
and  co n firm a tio n  te s t in g  sh o u ld  a lso  b e  p erform ed  to  va lid a te  the c o n c lu s io n s  from  the  
ex p erim en t.
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2.10 Literature Surveys 
Literature Survey
F actor ia l d e s ig n s  are m o s t  e f f ic ie n t  fo r  th e  th is  ty p e  o f  exp erim en t. T h e sev era l fac tors  is  
to  co n d u ct a fac to r ia l ex p er im en t. T h is  is  an  ex p er im en ta l stra tegy  in  w h ic h  fa c to rs  are 
varied  to g eth er , in stea d  o f  o n e  a t a  t im e . T h e  fa ctor ia l exp er im en ta l d e s ig n  c o n c e p t is  
ex tr e m ely  im portant for  s tu d y in g  C 0 2  c lea n er  im p lem en ta tio n  factors.
D o u g la s  c .  M o n tg o m e r y , 2 0 0 1 ,  D e s ig n  and  A n a ly s is  o f  E x p er im en ts , F ifth  ed itio n , 
JO H N  W IL L Y  &  S O N S , IN C .

A d v a n c in g  A p p lic a tio n s  in C o n ta m in a tio n  C on tro l, ad d ress C lea n in g  w ith  C 0 2  a n d  D r y  
Ic e  P artic les, c le a n in g  is  o n e  o f  the m o st  im portant step s in  th e  m an u factu r in g  o f  
sem ico n d u cto rs. A s  th e  d e v ic e s  g r o w  sm a ller , th eir  se n s it iv ity  to  d u st, b acter ia , and  
certa in  g a s s e s  S im p ly  b lo w in g  air or  n itro g en  a c r o ss  a su rface  w il l  r e m o v e  th e larger  
p a rtic les  (5  m ic r o n s), b u t th e se  d a y s  w e  are co n cern ed  ab ou t p a rtic les  as sm a ll a s  0 .1  
m icron .
S ite: h ttp :// w w w .a 2 c 2 .c o m

C lea n T ech  (2 0 0 1 ) ,  ad d ress C arbon  d io x id e  ( C 0 2 )  ca n  b e  u se d  in  th ree d istin c t s ta te s  in  
p r e c is io n  c le a n in g  a p p lica tio n s: in  liq u id  form , w h ere  C 0 2  a cts  to  perform  su rface  
c le a n in g  and  d eg rea sin g ; a s  a  g a s , w h ic h  is  e je c ted  as "snow " from  sp e c ia lis e d  n o z z le s ;  
and  in  a  "super critical"  fo rm  fo r  c h e m ic a l ex traction  c lea n in g .
S ite: h ttp :// w w w .p r e c is io n c le a n m g w e b .c o m /te c h _ c a r b o d .c fm

U s in g  S o lid -sta te  C 0 2  in  C ritica l c le a n in g  (2 0 0 1 ) ,  a d d r e sse s  C arb on  d io x id e  ( C 0 2 )  
sn o w  c le a n in g  is , fo r  so m e  m a n u fa ctu res, a  p rom in en t entry o n  th eir  lis t  o f  v ia b le  
a ltern a tives to  current O D C -b a se d  o p e r a tio n s / O v er  the p a st sev era l y e a r s , th ere  h a s  b e e n  
co n sid era b le  in v e stig a tio n  in to  th e  e f fe c t iv e n e s s  o f  th e  tec h n o lo g y . U se r s  in  sev era l h ig h -  
te c h  m ark ets are tak in g  ad va n ta g e  o f  th e  u n iq u e  su rface  c le a n in g  c a p a b ilit ie s  o f  C 0 2  
sn o w  to  im p ro v e  to  e x is t in g  c le a n in g  standards* In fa c t, p r o g r e ss iv e  d e s ig n  im p r o v e m e n t  
and  p r o c e ss  o p tim iza tio n s  h a v e  earn ed  th is  re la tiv e ly  n e w  c le a n in g  m eth o d  a  p o s it io n  o n  
th e  p ro d u ctio n  lin e  o f  so m e  m ajor m ic r o d e v ic e  m an u factu res w o r ld -w id e . T h is artic le  
e x p lo r e s  th e  s c ie n c e  o f  sn o w  c le a n in g  an d  o ffe r s  so m e  c a se  reports b a se d  o n  a  p a ten ted  
C 0 2  s n o w  c le a n in g  te c h n o lo g y , w h ic h  u se s  a  th erm ally  io n iz e d  g a s  (T IG ) sn o w -o r  T IG -  
sn o w .
S ite: h ttp :// w w w .p r e c is io n c le a n in g w e b .c o m /a r tic le _ in d e x .c fm ? a r tic le = 3 2 2

ID E M A  (2 0 0 2 ) ,  ad d ress k n o w le d g e  p r e c is io n  c le a n in g  for  D a ta  S to ra g e  C o m p o n en ts . A s  
h e a d /d isk  f ly in g  h e ig h ts  c o n tin u e  to  sh rin k , e v e n  trace  am ou n ts o f  co n ta m in a n ts  b e c o m e  
u n a ccep ta b le . A s  a  resu lt, c le a n in g  o f  c o m p o n e n ts  is  b e c o m in g  in crea sin g ly  cr itica l. T h is  
c o u rse  p r o v id e s  a  th orou gh  e x a m in a tio n  o f  th e  te c h n o lo g ie s , th e  eq u ip m en t, th e  
tec h n iq u e s , the o p tio n s , and  the tra d e -o ffs  for  p r e c is io n  c le a n in g  in  d isk  d rive  in d u stry , 
h ttp :// w w w .ID E M A .o r g .c o m

http://www.a2c2.com
http://www.precisioncleanmgweb.com/tech_carbod.cfm
http://www.precisioncleaningweb.com/article_index.cfm?article=322
http://www.IDEMA.org.com
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