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ABSTRACT

Sx Sgma as a powerful business strategy has been well recognised as an imperative for achieving and
sustaining operational and service excellence. Sx sigma has made a huge impact on industry but till the
academic community lags behind in its understanding of this powerful strategy. In other words, six sigma
lacks a theoretical understanding and hence it is our responsibility as academicians to bridge the gap
between the theory and practice of six sigma. Sx sigma methodology utilises the tools and techniques for
fixing problems in business processes in a sequential and disciplined fashion. Each tool and technique
within the six sigma methodology has a role to play and when, where, why and how these tools or
techniques should be applied is the difference between success and failure of a six sigma project. Sx
sigma utilises the concept of statistical thinking and encourages the application of well-proven statistical
tools and techniques for defect reduction through process variability reduction methods.
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HISTORY:®

Six Sigmais a set of tools and techniques/strategies focga® improvement originally developed by
Motorola in 1981, credit for coining term "Six Sighis given to Bill Smith a Motorola engineer
(Summers 2006). In the early and mid-1980s, Mdéoemgineers decided that the traditional quality
levels for measuring defects in thousands of oppdties didn't provide enough information. A new
standard of measuring the defects per million oppdities was developed and thus created the
methodology and needed cultural change associatbditwSix Sigma became well known after Jack
Welch made it a central focus of his business egfsatat General Electric in 1995. The Six Sigma
program was center around manufacturing and opesdtiproductivity gains. Honeywell's Six Sigma
model had been modified and expanded to be usethdéomarket place and business .Six Sigma today
has been used in different sectors of industry.

INTRODUCTION: *
Today pharmaceutical companies are faced with ddimgriasks such as adjustment to the unstable and
turbulent market in times of economic crisis, adlwas aiming to meet the needs of their users in
maintaining their health. In order to meet alluests and requirements and respond to the chaflenge
these companies are struggling to find ways tluee internal costs and cycle times by providirghhi
quality services to users, through innovative desigd efficient response to the unexpected incrizase
demand for certain products. However, balancingvbeh the desire to reduce costs, on one side and
innovative design, on the other is very difficuix Sigma was developed based on preceding Quality
Management concepts such as Total Quality Impromgm@uality Control and Zero Defects.The
methodology measures a process in terms of defgs#s, statistical tools to identify the vital fastthat
matter most for improving the quality of the prazesd attempts to eliminate defects.
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Pharmaceutical manufacturers are looking in Sixmsigprinciples for significant improvement of
operational efficiency and quality, while facilitag compliance. To ensure a strong position in the
market and to provide competitive advantage they lapking to increase the efficiency of their
operational and manufacturing processes — optignizgsources, improving efficiency, reducing waste
and controlling inventory. Current developmentshia pharmaceutical industry are in favor that idasv

an ideal time to turn to the principles of Six Sggm

Six sigma:” & *°

The term "six sigma process" comes from the natia if one has six standard deviations between the
process mean and the nearest specification limgttigally no items will fail to meet specificationT his

is based on the calculation method employed inge®capability studies. Capability studies meathee
number of standard deviations between the procesmmand the nearest specification limit in sigma
units, represented by the Greek lettgsigma). As process standard deviation goes ugheomean of the
process moves away from the center of the tolerdaager standard deviations will fit between theame
and the nearest specification limit, decreasingsilgena number and increasing the likelihood of gem
outside specification.Six Sigma aims to have preggswvhere the mean is at leastd&wvay from the
nearest specification limit.

MNormal
Cistribeution

FET R T 1

LSL T Actual process spread T USL

T Allowable process spread T

The widely accepted definition of a six sigma psxE one that produces 3.4 defective parts pdiomil
opportunities (DPMO). A process that is normallgtdbuted will have 3.4 parts per million beyond a
point that is 4.5 standard deviations above orvedl®e mean (one-sided Capability Study). This iegpli
that 3.4 DPMO corresponds to 4.5 sigmas, not sithasprocess name would imply. This can be
confirmed by running on Quik Sigma or Minitab a @hjlity Study on data with a mean of 0, a standard
deviation of 1, and an upper specification limit4os. The 1.5 sigmas added to the name Six Sigma ar
arbitrary and they are called "1.5 sigma shift"eThigher sigma level, the smaller probability lewél
defects occurs in products.

In a Capability Study, sigma refers to the numbestandard deviations between the process mean and
the nearest specification limit, rather than ttandard deviation of the process, which is also omeasin
"sigmas". As process standard deviation goes ugheomean of the process moves away from the center
of the tolerance, the Process Capability sigma murgbes down, because fewer standard deviatiohs wil
then fit between the mean and the nearest speificimit. "

The process capability have bell shape curve, whashhigher value at center while lower value dhbo
proximity. The process capability is combined effefc

1. Inadequate process capability.

2. .Inadequate measurement capability.

3. Supplied material variation.

4. Inadequate process control.
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When all these four factors combine, effect fallthim LSL (Lower Specification Limit) &USL (Upper
Specification Limit) the process is said to be tdpawhen the combine effect of four factors fakdow
LSL and above causes defect in the process anchvidioot desirable. When defects are detected in
process, there are two options either reject rewrork on it. Both the options are expensive imteiof
money& time.
Definitions of six sigma:*% %

» Six Sigma is an organized and systematic methodtfategic process improvement and new product
and service development that relies on statistieethods and the scientific method to make dramatic
reductions in customer defined defect réfles.

» Six Sigma is a methodology of continuous improvetm@med at reducing defects by using the
model Define-Measure-Analyze-Improve-Control (DMAJQvhich is further developed through the
Design for Six Sigma, which is based on creatingbaist design that meets customer requirements.

» Six Sigma is a formal methodology for measuringalgsing, improving, and then controlling or
locking-in processes. This statistical approachuced the occurrence of defects from a three sigma
level or 66 800 defects per million to a Six Sigleeel or less than four defects per million (Bolze,
1998).

» Six Sigma is a comprehensive, statistics-based odetbgy that aims to achieve nothing less than
perfection in every single company process andymo@Paul, 1999).

e Six Sigma is a disciplined method of rigorous dgthering and robust statistical

analysis to pinpoint sources of error and waydiofieating them (Harry and Schroeder, 1999).
 Six Sigma as an information-driven methodology faaducing waste, increasing customer
satisfaction, and improving processes, with a famuginancially measurable results (As defined by
Minitab in Goh, 2002).

Goals of Six Sigma®* °

Improving customer satisfaction

» Accelerating process cycle times and time-to market

* Reducing defects

» Controlling variation and improving predictability

» Reducing costs — without "unintended consequences"

* Improving end-to-end process management and measnte

» Offers potential to refine current approaches fpsuchain improvement.

» Project-oriented methodology for solving problensing statistical tools; allows to compare
different processes according to the sigma levhbs quality improvement system, aimed at reducing
errors and maintaining them at a low value, "Sm&", meaning DPMO (DPMO = Defects per
Million Opportunities)

« improved effectiveness and efficiency of processesdiiding e-commercé

Six Sigma Methodologies®

Six Sigma has two key methodologi®&MAIC and DMADYV . DMAIC is used to improve an existing
business process. DMADV is used to create new tadiesigns or process designs in such a way that it
results in a more predictable, mature and defeet herformance.

DMAIC Methodology: *3
DMAIC is a closed-loop process that eliminates odpctive steps, often focuses on new measurements,
and applies technology for continuous improvement.
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 Define the problel

N

* Measure the process by gathering

*Analyze the data and look for any ce-effect relationships by paying close attentio
key variables (Six Sigma thinking revolves aroumel équation Y = f(x

*Improve the process by using the results of tha daalysis as a guideli

S

»Control the process through regular monitoringpatiml plan should be developed in ¢

the problem reoccu

1

v
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Table 1. Tools and Technique DMAIC Six Sigm

Steps Key Proces: Tools and Technique Deliverable
Define customer and custorn Project charter Project charte
requirements General problel

Define | Define the process map and map Cause and effect diagram | Identificatior
process tdusiness ple Business process and |
Define the general proble Process map Process mapping
Define the project timelir SIPOC business plt
Createdata collection ple Data collection matrix Data neede
Collecting and comparing data Measurement system Accuracy of measureme

Measure | determine problem and proce analysis (MSA) system and proce
capability Process capability analysis| Process capability
purpose to meet customnr
requiremer
Analyzing data and process to deterrr | Cause and effect diagram | Root-cause problem
process variance Pareto analysis Root-cause prioritization
Analyze | Analyzing the rootzause proble Control chart (current
Create the priority of ro-cause problen| condition)
as the improvement tar¢ Scorecard
FMEA (current
condition)
Create potential alternative solut Control chart (current Potential ris
Improve | Select and create prioritization condition)
alternative solution The cause and effect of r
Test the solution FMEA (after improvement)
Implement thesolutior
Control | Create process control p Control plan Stability control an
Implement the process control p process outp
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DMADYV Methodology:

N
*Define the problel
J
~
*Measure the process by gathering
J
~

*Analyze the data and look for any ce-effect relationships by paying close attentio
key variables (Six Sigma thinking revolves aroumel ¢quation Y = f(x

~
«Improve the process by using the results of tha daalysis as a guideli
J
~
«Control the process through regular monitoringpatiml plan should be developed
case the problem reocc y

Implementation Of Six Sigma ®*°

There are three basic elements to Six Si
e Process improvement

e Process design/re-design

e Process management

Each of the above three elements is examined ie ohetail below

Process improvement

The purpose of process improvement is to elimirthte root causes of performance deficiencie
processes that already existtile organization . These performance deficienciag be causing re
problems for the organization, or may be preventirfigpom working as efficiently and effectively dts
could.

Process design/re-design

Sometimes simply improving existing processs not enough, and, therefore, new processes vetl ha
be designed, or existing processes will need fredesignedThere are several reasons why this coul
necessary:

e An organisation may choose to replace, rather tbpair, one or more of itiore processes.

e An organisation discovers, during an improvemanifget, that simply improving an existing proc
will never deliver the level of quality its custoraaare demandin

e An organisation identifies an opportunity to ofan entirely new product or servi

Process management-
Because it requires a fundamental change in theamayrganisation is structured and managed, pri
management is often the most challenging and toneuwming part of Six Sigrr
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In general, process management consists of:

e Defining processes, key customer requirementspamcess “owners”.

e Measuring performance against customer requiresramt key performance indicators.

e Analysing data to enhance measures and refingrtdoess management mechanisms.

e Controlling process performance by monitoring psxinputs, process operation, and process outputs,
and responding quickly to problems and processtraris.

Application in Pharma Industry:

In the past few years, a few pharmaceutical congsastiarted adopting Six Sigma mainly to reduceecycl

time and cost.

The following key strategies are suggested to lauacSix Sigma effort within the pharmaceutical

industry:

* Begin to change the traditional ways of conducticlinical trials by campaigning for the
implementation of needed integration initiativesotlgh the use of Six Sigma with a commitment
from top down leadership.

» Focus on the integration of technology and workfiowprovement in meeting challenges and extend
new ventures not possible using conventional iedlamnplementation of technology or homegrown
process improvement methodologies.

» Provide tested research approaches for the quargitavaluation of clinical development and
process improvement strategies, the integratiomwlnth highly correlates with strong financial
performance.

One success story is on the supplier and matepptogal process in a packaging division of one

company. The process of identifying and certifimatof a supplier of packaging materials usuallyetak

12 months because of the very complex processvadolThe Six Sigma team was formed and traced 4

pilot products and focused on the critical pathwlyzed and identified process problems. Using Six

Sigma methodology, they were able to streamlingotbeess and were able to reduce the cycle tinm fro

twelve to five months and realized significant sa”.
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