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ABSTRACT 

Six Sigma is a data-driven methodology that focuses on improving the process by decreasing defects. It has 

been accepted as an essential method for sustained quality improvement tools in various sectors. This 

abstract covers the Six Sigma technique, the tools it utilizes, and its application in real-world scenarios. The 

strategy was introduced by Motorola in the 1980s and rapidly gained wide acceptance after being 

implemented by many companies. The DMAIC (Define, Measure, Analyze, Improve, Control) and 

DMADV (Define, Measure, Analyze, Design, Verify) problem-solving methodologies help organizations 

to identify the problems in the organization, measure its performance, analyze the root cause, implement 

the improvement techniques and establish control measures for maintaining the improvements over time. 

Rigid data collection and analysis, for satisfying customer requirements using statistical tools are the key 

elements of Six Sigma. The goals of Six Sigma are to improve consumer satisfaction, enhance productivity, 

and minimize expenditures. Six Sigma finds extensive application across industries, including 

manufacturing, healthcare, Pharmaceutical Companies, finance, and services. Organizations have 

successfully applied Six Sigma to streamline processes, reduce waste, enhance product quality, and improve 

customer satisfaction. The methodology has been particularly effective in supply chain optimization, error 

reduction in medical processes, and enhancing customer experience in service sectors. 
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INTRODUCTION 

The primary objective of any business is to 

maximize profits. To achieve this goal, 

businesses have two main options: increase 

the selling price or reduce the manufacturing 

cost. Instead of opting for higher selling 

prices, companies can employ an alternative 

strategy to boost profits by focusing on 

reducing manufacturing costs through 

continuous improvement efforts [1].  

Implementing Six Sigma can play a pivotal 

role in achieving this ongoing enhancement 

within an organization. While there are 

several traditional quality management 

approaches like Statistical Quality Control 

(SPC), Zero Defects, and Total Quality 

Management (TQM), which have been 

significant for several years, it is one of the 

most modern and extensively embraced 

quality improvement programs worldwide.  

The concept of Six Sigma originated from 

MOTOROLA in 1986, and Sir Bill Smith, 

credited as the Father of Six Sigma, 

introduced this effective quality improvement 

methodology to the company [2]. Over time, 

Six Sigma has gained substantial recognition 

as a brand in the corporate development 

sphere. Various companies have adopted Six 

Sigma and reaped significant benefits from its 

implementation. A list of such companies can 

be found in Table 1. 

 
Table 1: Companies' names, along with the year that they implemented Six Sigma 

Implemented Year Company Name 
1986 Motorola 
1994 Allied Signal 
1995 General Electric (GE) 
1998 Honeywell 
2000 Ford 

The real impact of Six Sigma becomes 

apparent through the transformative waves of 

change and successful outcomes witnessed in 

companies like GE, American Express, 

Johnson & Johnson, and Motorola. However, 

it's essential to recognize that Six Sigma's 

effectiveness relies on continuous and 

unwavering commitment. Without full 

support from top management, its 

implementation may fall short of its potential 

[3, 4].  

What is Six Sigma? 

Six Sigma is a comprehensive philosophy and 

a set of techniques employed by companies to 

eliminate flaws and defects in their processes 

and products. Six Sigma's main objective is to 

improve process output quality by locating 

and eliminating the sources of problems [5].  
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The goal of this strategy is to lessen process 

variance and avoid product flaws by 

combining managerial and statistical concepts 

and procedures. By analyzing how much a 

process deviates from its objectives, Six 

Sigma works towards making necessary 

improvements to achieve complete customer 

satisfaction [6].  

A process that achieves six sigma capability 

exhibits minimal variation compared to the 

range of specification limits. In a six sigma 

process, it is statistically expected that 

99.9999966% of the products manufactured 

will be free of defects, resulting in an 

impressively low rate of 3.4 defects per 

million products [7].  

METHODOLOGY OF SIX SIGMA: 

There are two main approaches in Six Sigma.  

1. DMAIC - It is used to enhance an 

existing procedure 

2. DMADV – It is employed to develop 

novel product or process designs.  

1. DMAIC Methodology 

 
The DMAIC methodology involves the 5 

steps they are: 

 Define: The first step is to establish 

process improvement objectives that 

align with both client requirements 

and the overall business strategy. 

 Measure: In this phase, critical 

elements of the current process are 

identified and relevant data is 

collected to gain a comprehensive 

understanding of the process. 

  Analyze: The data collected is 

analyzed to identify cause-and-effect 

relationships. The goal is to establish 

links and ensure that all pertinent 

factors have been taken into account. 

 Improve: This step focuses on 

enhancing the process through data 

analysis and the application of 

methods like design of experiments. 

Upper allowable bounds for essential 

variables are set, and a method for 

calculating variable deviations is 

developed. 

 Control: The final step involves 

implementing measures to ensure that 

any deviations from the target are 

corrected before they can lead to 

defects. Pilot runs are conducted to 

assess the process's viability, followed 

by full production with the 

implementation of control 

mechanisms and ongoing process 

monitoring [8].  

2. DMADV Methodology 

Define Measure Analyze Improve Control
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The DMADV methodology involves 5 steps 

they are: 

 Define: The initial step is to set design 

aims that align with customer 

requirements and the overall business 

strategy. 

 Measure: This phase involves 

measuring and identifying CTQs 

(Critical to Quality) characteristics, 

product capabilities, production process 

capability, and potential hazards. 

 Analyze: In this step, various 

alternatives are developed and designed. 

A high-level design is established, and an 

assessment is made to select the most 

optimal design. 

 Design: Details of the chosen design 

are worked on and optimized. 

Additionally, a plan for design 

verification is developed, which may 

involve conducting simulations if 

required. 

 Verify: The final step entails verifying 

the design through test runs and 

implementing the production process into 

practice. This allows for the assessment 

of the design's practicality and 

effectiveness [9].  

SIX SIGMA PRINCIPLE 

Indeed, Six Sigma is a systematic and data-

driven approach that emphasizes the 

consistent application of statistical tools and 

methodologies to achieve an elevated level of 

sigma capability within an organization. By 

relying on empirical evidence and statistical 

analysis, Six Sigma aims to identify and 

eliminate process variations, leading to 

improved process efficiency and product 

quality. This disciplined approach allows 

businesses to make well-informed decisions 

and drive continuous improvement 

throughout their operations [10].  

 
Table 2: Six sigma strategies, principles tools, and techniques 

SIX SIGMA STRATEGIES AND PRINCIPLES SIX SIGMA TOOLS AND TECHNIQUES 
 Belt system (master, black, green, yellow) Failure Mode and Effect Analysis 

 Data collection tools and techniques Robust design 
 Data-based decision making Process capability analysis 

 Knowledge discovery Measurement system analysis 
 Process control planning Design of experiments 

 DMAIC process Regression analysis 
 Project management Statistical process control 
 Variability reduction Quality function deployment 

 Change management tools Root cause analysis, Analysis of means and variances, 
Process mapping, Hypothesis testing 

Define Measure Analyze Design Verify
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SIX SIGMA TOOLS: 

Indeed, Six Sigma tools encompass a wide 

range of methods and strategies used to 

analyze and enhance various aspects of 

business processes and development projects. 

By employing these tools, organizations can 

effectively identify the root causes of process 

variations and implement solutions to address 

them. These tools play a crucial role in 

achieving the desired levels of process 

improvement and overall efficiency. Below 

are some of the commonly used tools and 

approaches within the Six Sigma framework: 

1. Pareto Chart: 

A Pareto diagram is a bar chart that displays 

the frequency of occurrence of different items 

or categories, arranged in decreasing order of 

importance from left to right. The Pareto 

Analysis is a Six Sigma tool that follows the 

20-80 rule, suggesting that 20% of efforts 

often account for 80% of the results. It helps 

separate the vital few from the trivial many 

parameters. The Pareto Chart is valuable for 

identifying key operations that significantly 

impact the outcome of a project or business. 

By focusing on these critical processes, 

overall performance can be improved. It also 

aids in identifying techniques that produce 

more errors than others, allowing for targeted 

improvements to enhance processes. In 

essence, this tool encourages creative work 

and efficiency over laborious effort. 

2. Histogram: 

A histogram is a graphical representation of 

the distribution or variation of data over a 

specific range. It is essentially a type of bar 

chart used to visualize the frequency 

distribution of a dataset. Histograms are 

particularly useful when analyzing a set of 

data to gain insights into its overall 

characteristics and identify any peaks or 

patterns. 

One of the key features of a histogram is that 

the bars are adjacent, with no gaps between 

them, reflecting the continuous nature of the 

data. Histograms are widely used in various 

fields, including statistics, data analysis, and 

quality control, to gain insights into the 

underlying distribution of data and make 

informed decisions based on the patterns 

observed.           
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Figure 1: Types of Histogram peaks 

 

 Bell-Shaped (Symmetrical or Gaussian) 

indicates a normal distribution, which is 

characterized by the data being 

symmetrically distributed around a central 

mean value.  

 Spiked: Multiple spikes or peaks indicate 

a bimodal or multimodal distribution, 

where the data can be grouped into two or 

more distinct clusters.  

 Even (Flat or Uniform): If all the bars in 

the histogram are at the same level, it 

suggests a uniform distribution, where the 

data is evenly spread across the entire 

range of values 

3. Fishbone Diagram: 

A cause-and-effect diagram, also known as an 

Ishikawa diagram or fishbone diagram, is a 

graphical tool used to identify and analyze the 

root causes of problems or issues. The 

diagram is named "fishbone" because of its 

resemblance to a fish skeleton, with the main 

problem or effect represented as the "head" of 

the fish and the potential causes branching out 

like "bones" from the main line. These causes 

are organized into categories, typically 

represented as major branches on the diagram, 

which helps to structure the analysis and 

facilitate the brainstorming process. 

4. Failure Mode and Effect Analysis 

(FMEA): 

Failure Mode and Effect Analysis (FMEA) is 

a proactive tool used to anticipate potential 

issues with products or processes. It helps 

identify possible causes and probabilities of 

failures before any problems occur. FMEA 

emphasizes preventative measures to address 

potential process failures and is cost-effective, 

allowing corrections to be made before 

implementation in a production environment. 

5. Tree Diagram: 

A tree diagram breaks down complex 

problems into smaller components, 

progressively analyzing each detail. It starts 

with a central item and branches out into sub-



Sasipriya R et al                                                                                                                                                  Review Article 
 

 
71 

IJBPAS, October, Special Issue, 2023, 12(10) 

items until the inquiry is exhausted. The tree 

diagram helps teams move from general to 

specific in a systematic manner, facilitating 

problem-solving and planning processes [11-

14].  

APPLICATION OF SIX SIGMA 

1. In Pharmaceutical Industry: 

Six Sigma was originally developed in the 

manufacturing industry, it has been 

successfully applied to various sectors, 

including the pharmaceutical industry. Its 

primary focus is on process improvement and 

quality management. Here's the role of Six 

Sigma in the pharma industry: 

 Quality Improvement  

 Reducing Defects 

 Process Optimization  

 Risk Reduction  

 Data-Driven Decision Making  

 Continuous Improvement  

 Customer Satisfaction  

 Cross-Functional Collaboration  

 Standardization  

 Regulatory Compliance. 

Six Sigma plays a vital role in helping 

pharmaceutical companies enhance their 

processes, improve product quality, and 

deliver safe and effective drugs to patients. It 

provides a systematic approach to problem-

solving and process improvement, which is 

highly beneficial in an industry where 

precision and reliability are of utmost 

importance. 

Case Study 1: Improving Drug 

Manufacturing Process 

Problem: A pharmaceutical company faced 

challenges in consistently producing a critical 

life-saving drug. The process had variations 

that led to defects, resulting in product recalls 

and delays in shipments. 

Solution: The Company decided to apply Six 

Sigma methodology to improve the drug 

manufacturing process and ensure consistent 

quality. 

Steps Taken: 

1. Define Phase - The team identified the key 

problem areas and set specific goals, such as 

reducing defects, improving yield, and 

increasing process stability. 

2. Measure Phase - Data on defects, 

production volumes, and process parameters 

were collected and analyzed to understand the 

current performance of the manufacturing 

process. 

3. Analyze Phase - The team used statistical 

tools to identify factors contributing to defects 

and variations. They conducted a root cause 

analysis and identified critical process 

parameters that needed to be controlled more 

effectively. 

4. Improve Phase - Based on the analysis, the 

team implemented process improvements and 
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adjusted critical parameters within the 

manufacturing process. They also introduced 

more stringent quality control measures. 

5. Control Phase - To sustain the 

improvements, the team established a 

monitoring system to track process 

performance continuously. Standard 

operating procedures were updated, and staff 

was trained to maintain the new process. 

Results: After implementing Six Sigma 

methodologies, the company observed a 

significant reduction in defects and variations. 

The drug manufacturing process became more 

stable and consistent. Product recalls were 

minimized, and shipments were delivered on 

time with improved product quality. 

Additionally, the company achieved cost 

savings by reducing waste and rework. 

Case Study 2: Optimizing Clinical Trial 

Enrollment Process 

Problem: A pharmaceutical company faced 

delays in enrolling patients for clinical trials, 

leading to extended development timelines 

and increased costs. 

Solution: The Company applied Six Sigma 

principles to optimize the clinical trial 

enrollment process and speed up the 

recruitment of suitable patients. 

Steps Taken: 

1. Define Phase - The team identified the 

bottleneck areas in the enrollment process and 

set goals to increase the number of eligible 

patients recruited within a specified 

timeframe. 

2. Measure Phase - Data on the current 

enrollment process, patient demographics, 

and recruitment rates were collected and 

analyzed to understand the existing 

challenges. 

3. Analyze Phase - The team used data 

analysis to identify factors that affected 

patient enrollment. They discovered that 

cumbersome paperwork and complex 

eligibility criteria were major barriers. 

4. Improve Phase - Based on the analysis, the 

company simplified the paperwork process, 

made the eligibility criteria more 

straightforward, and implemented an 

electronic data capture system to streamline 

data collection. 

5. Control Phase - The Company established a 

monitoring system to track patient enrollment 

progress and assess the impact of process 

changes. They also conducted regular reviews 

to identify any potential issues. 

Results: By applying Six Sigma techniques, 

the pharmaceutical company saw a notable 

improvement in patient enrollment rates. The 

streamlined process led to faster recruitment, 

reducing the overall time required for clinical 

trials. Consequently, the development 
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timeline for the drug decreased, resulting in 

cost savings and earlier market entry. 

These case studies illustrate how Six Sigma 

can be successfully applied in the 

pharmaceutical industry to address specific 

challenges, improve processes, and enhance 

product quality. By focusing on data-driven 

decision-making and continuous 

improvement, companies can achieve 

significant benefits in terms of efficiency, cost 

reduction, and customer satisfaction [15, 16].  

2. In Healthcare: 

Implementing Six Sigma in healthcare can 

lead to significant improvements in patient 

outcomes, operational efficiency, and overall 

quality of care in the following conditions: 

 Reducing the number of needless 

laboratory tests, 

 Improving the quality of MR images, 

 Reducing the amount of time patients 

must wait before surgery, 

 Reducing catheter infections 

 Cutting down on excessive hospital 

stays 

Case 1: Decreasing unnecessary laboratory 

tests 

Due to procedural mistakes, numerous blood 

tests and urinalyses requested in the pediatric 

and obstetrics-gynecology wards must be 

repeated. As a result, the doctor's receipt of the 

final results is delayed, and the needless 

rework costs money.  

Even though most of the time human error is 

a major factor, there may be significant root 

causes that need to be examined. These 

include difficulty, restlessness, diversion, and 

insufficient oversight by superiors. To 

examine the procedure, a Quality 

Improvement Team was established.  

 A flowchart was implemented in the 

initial phase of the analysis to look at 

the present procedure, which starts 

with a doctor ordering a lab test and 

ends with the doctor being informed of 

the results.  

 The team prepared a fishbone diagram 

as in Figure 2 once the procedure was 

flow charted to hypothesize on 

potential error causes. 

 After that, data was acquired to 

determine the frequency of actual 

errors per type. 

To minimize errors, the team focused on 

potential mistakes involving 

people's decisions, technical problems, and 

intentional procedural barriers. As a result, the 

team has focused on two key types of issues: 

those relating to sample collection, 

transportation, and storage.  
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Figure 2: Fishbone diagram for Decreasing unnecessary laboratory tests 

 

Standards and job aids are developed for 

blood sample collection, transportation, and 

storage of samples.  These standards have 

then been reviewed and discussed with the 

nurses and technicians involved in these 

activities. The fundamental concepts of 

quality management, which frequently result 

in cost reductions, have also been taught. 

Case Study 2: Reducing Medication Errors 

in Hospitals 

Problem: A pharmaceutical company noticed 

an increasing number of medication errors 

reported by hospitals involving one of their 

high-risk drugs. These errors posed significant 

risks to patient safety and reputation for the 

drug manufacturer. 

Solution: The pharmaceutical company 

decided to use Six Sigma to identify the root 

causes of medication errors and implement 

measures to reduce their occurrence. 

Steps Taken: 

1. Define Phase - The Company established a 

cross-functional team comprising 

pharmacists, nurses, and quality specialists. 

They defined the problem statement, set the 

goal to reduce medication errors by a specific 

percentage, and identified the target patient 

population. 

2. Measure Phase - Data on reported 

medication errors, patient profiles, and 

medication administration processes were 

collected and analyzed. The team used process 

mapping to understand the medication 

administration workflow. 

3. Analyze Phase - Using Six Sigma tools like 

the Fishbone diagram and Pareto analysis, the 

team identified common factors contributing 

to medication errors. These factors included 

unclear labeling, dosing confusion, and 

inadequate training of healthcare staff. 

4. Improve Phase - The team worked with 

hospitals to redesign medication labels, 

making them more intuitive and easy to 
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understand. They also provided additional 

training and educational materials to 

healthcare staff on proper drug administration 

procedures. 

5. Control Phase - The pharmaceutical 

company implemented a monitoring system to 

track the number of medication errors 

regularly. They conducted audits and 

feedback sessions with hospitals to ensure the 

sustained improvement of the medication 

administration process. 

Results: The Six Sigma project resulted in a 

substantial reduction in medication errors 

reported by hospitals. The redesigned 

medication labels and improved training for 

healthcare staff significantly enhanced patient 

safety. The pharmaceutical company also 

received positive feedback from hospitals, 

strengthening their reputation as a provider of 

safe and reliable drugs [17-19].  

3. Research and Development Sector: 

The three main goals of six sigma 

implementation in R&D departments are cost 

reductions, a shorter time to market, and 

enhanced R&D procedures. When evaluating 

the effectiveness of six sigma, organizations 

should pay close attention to data-driven 

evaluations, higher project success rates, and 

integration of R&D into routine work 

processes. According to a survey, just 37% of 

respondents officially employed six sigma 

concepts in their R&D organization as of 

2003. 

Case Study: Improving Drug Development 

Cycle Time 

Problem: A pharmaceutical company faced 

challenges in meeting drug development 

timelines due to delays and inefficiencies in 

various stages of the development process. 

Solution: The Company decided to 

implement Six Sigma to identify bottlenecks, 

streamline processes, and reduce cycle times 

in drug development. 

Steps Taken: 

1. Define Phase - The company assembled a 

project team consisting of experts from R&D, 

regulatory affairs, and project management. 

They defined the problem as extended drug 

development timelines and set specific targets 

to reduce cycle times. 

2. Measure Phase - The team collected data on 

the duration of each phase in the drug 

development process and identified the stages 

with the longest cycle times. 

3. Analyze Phase - Using process mapping 

and data analysis, the team identified factors 

contributing to delays, such as excessive 

documentation, communication gaps between 

teams, and extended review periods. 

4. Improve Phase - The company streamlined 

documentation requirements, introduced 

collaborative tools to enhance communication 
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between teams, and implemented a more 

efficient review and approval process. 

5. Control Phase - The pharmaceutical 

company established key performance 

indicators (KPIs) to monitor cycle times at 

each stage of drug development continuously. 

They conducted regular reviews and process 

audits to sustain the improvements. 

Results: By applying Six Sigma principles, 

the pharmaceutical company successfully 

reduced cycle times in drug development. The 

streamlined processes and improved 

communication led to faster decision-making, 

shorter review periods, and accelerated 

overall development timelines. As a result, the 

company was able to bring new drugs to the 

market more quickly, gaining a competitive 

advantage. 

4. Engineering and Construction Sector: 

Bechtel Corporation, one of the largest 

engineering and construction companies in 

the world, estimated savings of $200 million 

in 2002 following an investment of $30 

million in its six sigma program to discover 

and avoid errors in everything from design to 

construction to the prompt distribution of 

employee paychecks. As an illustration, six 

sigma was applied to a large-scale 

telecommunications project to help control 

costs and deadlines more successfully as well 

as to quicken the process of neutralizing 

dangerous substances. 

5. Financial Sector 

The credit and finance divisions have recently 

come under pressure to speed up cash 

collection and improve performance 

consistency in order to remain competitive. 

Typical six sigma initiatives in financial 

organizations include automatic payments, 

improved reporting accuracy, decreased 

defects in documentation credits, decreased 

defects in check collection, and decreased 

collector performance variation. Improved 

cash allocation accuracy also reduces bank 

fees. 

Bank of America (BOA) was one of the first 

companies to adopt and apply six sigma 

principles to enhance operations, attract and 

retain customers, and compete with credit 

unions. Numerous cross-selling, deposit, and 

six sigma programs are among its many 

initiatives. Following the adoption of six 

sigma, BOA claimed a 24% decrease in 

customer issues and a 10.4% increase in 

customer satisfaction [16, 20].  

FUTURISTIC ASPECTS OF SIX SIGMA 

Several factors are expected to have an impact 

on Six Sigma's future, including: 

1. Digital Transformation and Industry 4.0: 

 As businesses become more automated and 

digital (Industry 4.0), Six Sigma approaches 



Sasipriya R et al                                                                                                                                                  Review Article 
 

 
77 

IJBPAS, October, Special Issue, 2023, 12(10) 

may change to reflect the new environment. 

Process control and efficiency can be 

improved by incorporating smart sensors, 

real-time data collecting, and predictive 

analytics. 

2. Lean and Agile Principles: 

The concepts of agility and lean thinking may 

become more important in process 

improvement programs as firms aim to 

become more adaptable and responsive to 

quickly changing markets. This might have an 

impact on how Six Sigma is applied or 

combined with other approaches. 

3. Integration with other Improvement 

Methods: 

To develop hybrid improvement frameworks 

that manage a wider range of problems, 

certain organizations may decide to combine 

Six Sigma with other approaches like Lean, 

Total Quality Management (TQM), or Design 

Thinking [21-23].  

CONCLUSION 

Six Sigma is a potent and data-driven 

management methodology that has proven its 

efficacy in increasing overall organizational 

performance, eliminating errors, and 

improving process efficiency. Six Sigma's 

possible future involves integrating with other 

improvement methodologies like Lean or 

Agile as well as integration with new 

technology and customization to meet 

particular demands. In order to be relevant and 

keep providing value to businesses looking to 

optimize processes and raise customer 

satisfaction, Six Sigma's adaptability will be 

essential as the business landscape changes. 

Overall, Six Sigma continues to be a useful 

tool for firms aiming for excellence and 

continuous improvement in their operations 

and customer experiences when applied 

successfully with strong leadership backing 

and a culture of data-driven decision-making. 
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