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Abstract 

 
Managers  a t  the operat ions level  use Six  Sigma to  improve operat ional  parameters  l ike  
reducing cycle  t ime,  increasing throughput  yield,  reducing defects  and process  var iat ion,  
e l iminat ing the h idden factory and br inging about  smoothness  in  workf low through 
under taking var ious s tages of  the DMAIC (Def ine Measure Analyse Improve Control)  
methodology.  The paper  a ims to  s tudy the key factors  that  can lead to  improvement  in  
operat ional  performance through Six  Sigma projects ,  by using a  mult ip le  regression model.  
Based on a  l i terature  survey,  s ix  key factors  that  impact  operational  performance are  
ident if ied .  To s tudy the factors  ident if ied  through the l i terature  review and analyze the 
impact  factors  of  operat ional  performance,  ten manufacturing companies  were selected for  a  
p i lo t  survey.  The average percentage benef i t  post-  implementat ion of  Six  Sigma on nine 
operat ional  parameters  was  then evaluated in  these ten  organizat ions .  To es tabl ish  predictor  
var iables  for  percentage improvement  in  operat ional  parameters ,  a  mult ip le regression 
analysis  was carr ied  out .  Using th is  analysis ,  four  regressor  var iables  were found to  
s ignif icant ly  impact  operat ional  performance through Six  Sigma implementat ion.  The s tudy 
has  resul ted in  providing an effect ive  s tra tegic focus  and direct ion for  act ion plan us ing s ix  
s igma approach in  companies  to  e l iminate  or  mit igate  operat ional  ineff ic iencies  and pi t fa l ls  
that  of ten mar their  business  performance.  
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1.  Introduction 
Every organizat ion’s  funct ioning can be broken down at  three basic  levels ,  the highest  level  
is  the  business  level ,  the  second level  is  the operat ions level  and the th ird  level  is  the  
process  level  (Harry and Schroeder ,  2005) .  While  the Six  Sigma methodology is  appl ied  at  
each level ,  the resul ts  achieved at  each level  are  d ifferent  though complementary.  This  paper  
s tudies  Six Sigma appl icat ion a t  the  operat ions  level .  Managers  a t  the  operat ions  level  use  
Six Sigma approach to improve operat ional  parameters  l ike  reducing cycle  t ime,  increasing 
throughput yield,  reducing defects  and var iat ion,  e l iminat ing the h idden factory and 
improving smoothness  and workf low through var ious s tages of  the DMAIC (  Def ine Measure 
Analyze Improve Control  )  methodology.  For  example,  during the Def ine phase,  the 
operat ional  goals  l ike reducing cycle  t ime are  set  up.  During the Analyze and Improve 
phases ,  the focus of  managers  at  the operat ions level  may be on Black Bel t  t ra in ing,  project  
select ion and use of  appropriate  s ta t is t ical  tools .   
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Although cr i t ical  success  factors  of  the Six  Sigma methodology have been researched by 
var ious authors  [Anthony2004a,  Anthony2004b,  Anthony et .  a l .  2005,  Chau et .  a l .  2009,  
Cheng 2007,  Revere  et .  a l .  2006,  Yang et .  a l .  2008],  concrete  analysis  of  factors  that  
inf luence operat ional  excel lence through Six  Sigma pract ices  is  lacking.  The paper  a ims to  
s tudy the key factors  that  can lead to  improvement  in  operat ional  performance through Six  
Sigma projects  by using a  mult iple  regression model.  
 
2. Key Factors for Operational Excellence 
In  Six  Sigma,  operat ional  performance may be a  product  of  a  combination of  many 
under lying factors .  Often,  the solut ion to  an  operat ional  issue is  masked by an under lying 
suppor t  system which can blind companies  to  operat ional  issues that  are  persis tent  and 
predictable  (Harry and Schroeder  2005).  Some operat ional  benef i ts ,  that  can be real ized when 
Six  Sigma process  is  appl ied,  are  decreased work–in-progress ,  improved process  f low,  
increased product iv i ty,  improved inventory turns and reduced cycle  t ime  (Dedhia 2005).  
Through a  l i terature  s tudy,  cr i t ical  character is t ics  for  success  at  the operat ional  level  are  
ident if ied .  
 
Six Sigma projects  of ten  focus on resolving operat ional  issues.  For  example,  a  s tudy of  Six  
Sigma implementat ion in  a  publ ic  sector  e lectronics  enterpr ise  in India  (Sharma and Chet iya 
2010b)  indicated that  most  del iverables  of  Six  Sigma projects  in  the organizat ion were 
operat ional  parameters  (Table 1) .   
 

Table1:  Deliverables in  Six Sigma projects  in  an Indian publ ic  sector  uni t  

Deliverables  
Number of  

projects  
 

Defect  Reduct ion 23 
Customer sat isfact ion 3 
Qual i ty Improvement 20 
Cycle  t ime reduct ion 25 
Cost  Improvement  5 
System Improvement 11 
Yield Improvement 9  

 
At  the operat ional  level ,  select ing the r ight  projects  becomes a  key issue.   At Samsung 
Electronics  Company (SEC) for  example,  Six  Sigma projects  have contr ibuted to  an  average 
of  50 % reduct ion in  defects  between 1999 and 2001 (Yun et .  a l .  2002) .  Tata  Motors in  India  
repor ted operat ional  resul ts  l ike less  reject ion,  less  rework,  smoother  process  f lows and less  
cycle  t ime by applying Six  Sigma projects .  Authors  l ike  Revere  et .  a l .  (2006) ,  Banuelas  e t .  
a l .  (2006) ,  Shanmugam (2007),  Snee (2009)  and,  Sharma & Chet iya (2010a)  have discussed 
the   importance of  the project  selection process  in  the context  of  Six Sigma.  
 
Applicat ion of  the  r ight  tool  mix has  been discussed by many authors  with  respect  to  Six  
Sigma success .  The authors  have shown with the help  of  case examples how a combinat ion of  
bas ic  Six  Sigma tools  and more complex Shainin  tools  were successful ly  used to  address  the 
root  cause of  qual i ty  problems in an  auto component  manufacturing organizat ion in  India .   
Anthony & Banuelas  (2002)  in  a  s tudy of  Six  Sigma success  factors  in  organizations in  UK 
concluded that  tools  and techniques is  the second most  important  key ingredient  af ter  
management commitment .   A s tudy of  Six  Sigma implementat ion in  106 f i rms by Lee (2002)  
also  es tabl ished s ta t is t ical  tool  usage as  important .  Other  authors  who have discussed the 
importance of  tools  and techniques  are  Hahn & Doganaksoy (2006),  Swanson (2007),  
Nicholas  (2008) and Stefanko (2009).  
 
While  Six  Sigma has a  number  of  individuals  tra ined in the f ive s tandardized bel t  ranked 
system viz.  the  champions,  master  b lack bel ts  (MBBs) ,  b lack bel ts  (BBs),  green bel ts  (GBs) 
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and white  bel ts  (WBs),  the  bulk  of  implementat ion of  the Six  Sigma projects  res ts  on the 
black bel ts .  Black bel ts  can help  do such th ings as reduce labor ,  mater ia l ,  cycle  t ime and 
inventory and these  improvements  can be  then accounted to  val idate  the  extent  of  Six  Sigma 
returns (Harry and Schroeder  2005) .  According to  Adams et .  a l .  (2003)  ,b lack bel ts  are  the 
best  and brightest  in  an  organization and hence the b lack bel t  select ion process  should be 
considered as  a  very important  act iv i ty.  
 
The measurement and improvement of  processes  is  essent ial  to  achieve operat ional  
excel lence.   Process  capabi l i ty  impacts  qual i ty and a  poorly performing process  can impact  
operat ional  factors  l ike  cycle  t ime,  operat ional  costs  and work f low.  Measur ing the capabi l i ty 
of  each process  that  offers  operat ional  leverage would ensure  that  the  company knows the 
capabi l i ty  of  the process  and hence the capabi l i ty of  the business .  Process  problems are  of ten 
in terconnected to  operat ional  issues,  which in  turn  are  t ied  to  suppor t  systems that  are  
u l t imately l inked to  issues l ike  customer sa t isfact ion,  prof i tabi l i ty  and shareholder  value 
(Harry and Schroeder  2005).  Process  capabi l i ty  s tudies  can improve al l  aspects  of  operat ions 
l ike cycle  t ime,  process  var iat ion and Rolled  Throughput  Yield (RTY).  I t  can help  determine 
i f  new equipment  is  capable of  meet ing the requirements  and can also  compare the  
capabi l i t ies  of  a l ternat ive equipment  or  machines.  Motorola  was the f irs t  company to 
recognize the importance of  us ing process  capabi l i ty  as  a  metr ic  of  operat ional  performance 
with  their  extremely successful  Six-Sigma program. Process  capabi l i ty s tudies  can be used to  
successful ly s treamline a  manufactur ing process  without  any major  capi tal  expenditure.   
 
Based on the above review,  s ix  key factors  that  impact  operat ional  performance are  ident if ied 
as :  

( i)  Project  Select ion.  
( i i )  Use of  bas ic  Six  Sigma tools .  

( i i i )  The black bel t  select ion process .   
( iv)  Use of  in termediate  Six Sigma tools .   
(v)  Continuous process  monitor ing through process  capabi l i ty analysis .  

(v i)  Use of  advanced Six Sigma tools .  
 

3. Regression Model: Analysis of Predictor Variables for Operational 
Excellence  
To study the factors  ident if ied  through the l i terature  review and analyse the impact  factors  of  
operat ional  performance,  ten  manufactur ing companies  with the fo l lowing cr i ter ia  were 
selected  for  a  pi lo t  survey.  The selected  organizat ions  have at  leas t  three  years  of  exper ience 
in  implementing Six Sigma and are  operat ing at  a  minimum level  of  2  to  3  s igma.  In addi t ion 
these  organizat ions  have execut ives  t ra ined as  Green Bel ts  and Black Bel ts .  All  the  
organizat ions have a  Qual i ty Management System (QMS) l ike ISO 9000 in p lace.  And f inal ly ,  
the  se lected organizat ions have had s ignif icant  awareness  and educat ion about Six  Sigma 
pract ices  among i ts  workforce.  
 
The ten organizat ions were  evaluated in  terms of  average percentage benef i t  post  
implementation of  Six Sigma on nine operat ional  parameters .  These parameters  are:  

( i)  Reduct ion in  Process Cycle  Time 
( i i)  Improvement  in  Rolled Throughput Yield (RTY) 

( i i i )  Reduct ion in  operat ional  costs  
( iv)  Reduct ion in  need for  inspect ion and supervis ion 
(v)  Reduction in  rework and scrap 

(vi)  Reduction in  set-up costs  
(v i i )  Degree of  improvement in  smoothness  in  work f low 

(vi i i)  Increase in ROI 
( ix)  Reduct ion in  Cost  of  Poor  Qual i ty (COPQ).   
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The average percentage benef i t  in  the operat ional  parameters  as  reported by the selected  10 
companies in  a l l  the above parameters  is  shown in  table 2.   
 
 

Table 2 :  Percentage Improvement in  Operat ional  Parameters  

Company Code 

Average % of 
improvement in 

Operational  
Parameters 

Comp 1 79 
Comp 2 14 
Comp 3 5 
Comp 4 10 
Comp 5 26 
Comp 6 9 
Comp 7 35 
Comp 8 10 
Comp 9 58 

Comp 10 25 
 
The companies  also  responded to  the s ix  factors  identi f ied  through a  l i terature  s tudy as  
having an impact  on operat ional  excel lence.   

 
To establ ish  predictor  var iables  for  percentage improvement  in  operat ional  parameters ,  a  
mult ip le  regression analysis  was carr ied  out .  The response variable  considered is  percentage  
improvement  in  operational  parameters .  Six regressor  var iables  are  considered to  have 
possible  impact  on the response var iable .  These are  project  select ion,  use of  basic  s ix  s igma 
tools ,  the b lack bel t  select ion process ,  use of  in termediate  tools ,  cont inuous process  
monitor ing through process  capabil i ty  analysis  and use of  advanced tools .    
 

Table  3 :  Summary of  Mult ip le  Regression Model  
Model Summary 

Model R R Square
Adjusted R 

Square
Std. Error of the 

Estimate 

1 .991 .982 .945 5.69356 
 
The multiple regression analysis was carried out on SPSS Version 16. The first output obtained (table 
3) gives a summary of the overall model. 
 
The summary of  the mult ip le  regression model  indicates  a  s trong associat ion between 
operat ional  benef i ts  and the  s ix  independent var iables  with  the  corre la t ion being a  high 
0.991.  The Coeff ic ient  of  Mult iple  Determinat ion (R2)  value is  approximately 98%. This  
implies  that  98 % of  the to tal  var ia t ion in  operat ional  benefi t  is  explained by the s ix  
independent var iables  selected  for  the s tudy.  Some prefer  the value of  R Square  adjusted  for  
degrees of  f reedom to  the unadjusted value but  there seems to  be l i t t le  advantage in  doing so  
(Draper  and Smith 1998).  
 
The next  table in  the output  is  the ANOVA table (Table 4)  for  the ent ire model  to test  the 
acceptabi l i ty  of  the  model f rom a s ta t is t ical  perspect ive.  To examine whether  the  overal l  
regression is  s ignif icant  or  not ,  we now analyse the ANOVA table.  The decis ion to  accept  or  
reject  the nul l  hypothesis  ( regression is  not  s ignif icant)  is  based on the ‘p’  value under  the 
column ‘Sig.’ .  Since p= 0.011 < 0 .05,  the nul l  hypothesis  is  rejected  and  i t  may be concluded 
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that  the  overal l  regression is  s ignif icant  and the probabi l i ty  of  get t ing these results  due to  
chance alone is  less  than 0 .011.  

 
 Table 4 :  ANOVA for  s ignif icance of  regression 

ANOVAb 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 5191.650 6 865.275 26.692 .011a 

Residual 97.250 3 32.417   

Total 5288.900 9    

a. Predictors: (Constant), Advanced Tools, Black Belt Selection, Project Selection, Basic Tools, Process 
Capability Analysis, Intermediate Tools 

b. Dependent Variable: Operational Benefit    
 
 
Table 5,  separately examines each term in  the f i t ted l inear  model :  
The ‘B’ column in  table  6  gives the in tercept  and the est imated coeff ic ients  of  each 
independent var iable.  The remaining columns tes t  the  s ignif icance of  each regressor  var iable 
in  the model .  The ‘p’  –  values for  project  select ion (0 .005) ,  basic  tools  (0 .038) ,  b lack bel t  
select ion (0.026)  and cont inuous monitor ing through process  capabi l i ty  analysis  (0.012)  are  
less  than 0.05 and these var iables  may therefore be considered as  s ignif icant  predictors  of  
operat ional  improvement.  The ‘p’-values for  in termediate  tools  (0.09)  and advanced tools  
(0.81)  were not  found to be s ignif icant .  

 
Table 5 :  Analysis  of  Coeff icients  of  Mult ip le  Regression Model 

 
Therefore,  i t  may be concluded that  a l though al l  the var iables  col lectively can explain 98% 
of  the var iat ion in  operat ional  benef i t ,  focusing on project  select ion,  use of  basic  tools ,  b lack 
bel t  select ion and cont inuous monitor ing of  processes  through process  capabi l i ty  analysis  can 
ensure s ignif icant  improvement in  operat ional  benef i t .   

 
The f inal  output  in  the analysis  is  a  normal  probabi l i ty  (P-P)  p lot  of  the s tandardized residual  
values shown in  Figure 1.   

Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standardized
Coefficients

t Sig. B Std. Error Beta 

1 (Constant) -12.000 6.973  -1.721 .184 

Project Selection 46.250 6.366 .985 7.266 .005 

Basic Tools 28.500 8.052 .607 3.540 .038 

Black Belt Selection 23.500 5.694 .409 4.127 .026 

Intermediate Tools -22.750 9.442 -.485 -2.410 .095 

Process Capability 
Analysis 

44.000 8.052 .957 5.465 .012 

Advanced Tools 3.250 12.409 .069 .262 .810 

a. Dependent Variable: Operational Benefit     
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Figure 1 :  Plot  of  residuals  f rom the model 
 

A model  that  f i ts  the data  wel l  would  produce residuals  that  fa l l  a long a  s tra ight  l ine (Pyzdek 
2003).  Since al l  the residuals  are  lying along the s tra ight  l ine  and there are  no outl iers ,  i t  
may be concluded that  the f i t  of  the regression model  to  the data  is  adequate .  
 
4.  Conclusion 
Process  related problems are  h ierarchical  in  nature  and operat ional  issues  a t  the  process  level  
may affect  business  issues l ike profi tabi l i ty,  market  share and customer sat isfact ion.  The 
model  hopes to  provide a  more effect ive focus for  companies  to  mit igate  or  reduce 
operat ional  issues that  of ten  affect  business  performance.  To summarize,  i t  suggests  
ident ifying and select ing Six  Sigma projects  for  implementat ion that  focus  on resolving 
operat ional  issues which can impact  profi tabi l i ty ,  u t i l iz ing the inherent  power of  basic  
s ta t is t ical  tools ,  proper  select ion of  b lack bel ts  to  bet ter  leverage the knowledge of  the 
workforce and consis tent  and accurate  process  monitor ing that  can be achieved through 
regular  process  capabi l i ty  analysis .  Overal l ,  i t  would be  a  balanced approach to  include these 
factors  to  br ing about excel lence in  operat ions in  any manufactur ing enterpr ise .  
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