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ABSTRACT: Six Sigma is a statistical expression that is applied to the quality management system to develop a structure 

for process improvement. It is used to measure the degree of deviation of a process from precision. Less than 3.4 parts per 

million (ppm) of faults is the quality indicator for this approach. To accomplish intended outputs and customer 

satisfaction, this methodology actively links people, processes, and results logically. Motorola created Six Sigma in the 

1980s as a tool for improving process quality. Process development, process design/redesign, and process management are 

the three core elements it focuses on. The DMAIC (Define, Measure, Analyze, Improve, and Control) and DMADV 

(Define, Measure, Analyze, Improve, and Control) procedures are used to achieve the six sigma aim (Design, Measure, 

Analyze, and Define & Verify). It features more data analysis capabilities and a stronger financial focus than TQM. Total 

Quality Management (TQM) and Six Sigma (Six Sigma) are two effective methodologies for continuous improvement that 

have a shared purpose and base. The variables, methods, concepts, advantages, limitations, and applications of six sigma 

in the pharmaceutical business are discussed in this article. 
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INTRODUCTION: Six Sigma is a set of numerical tools used in quality management to build a process improvement 

framework. The phrase refers to a statistical assessment of how much a process deviates from perfection. It's an organization's 

operating strategy that benefits consumers, stakeholders, employees, and suppliers in a mutually beneficial way. It's also a 

flexible, customer-centric, planned, efficient, proactive, and quantitative idealistic approach to business improvement that aims to 

enhance quality, speed up deliveries, and cut expenses. Six Sigma is a top-down methodology that necessitates extensive analysis, 

fact-based judgments, and a control plan to ensure that a process's quality is maintained.
1
 The quality indicator for achieving six 

sigma is in parts per million (ppm), which means that the process outputs must have less than 3.4 faults per million. Six Sigma is 

a statistician's word for standard deviation, or the degree of variation in a set of dimensions or a process. It's a meticulously 

managed procedure aimed at producing and providing near-perfect products and services. Six Sigma allows for cultural 

transformation by dynamically linking people, processes, and outcomes in a precise, adaptable manner to get the results that 

businesses seek. It also understands what is important to consumers.
2 

This article focuses on use of six sigma in pharmaceutical 

industry its future approach along with its methodologies, quality management tool and aspects of process improvement. 
[1,2] 

 

ADOPTION OF SIX SIGMA 

In the 1980s, Motorola created Six Sigma as a tool for improving process quality. Many companies in the United States, including 

General Electric, Motorola, and DuPont, have successfully implemented their improvement programs. DuPont began their six-

sigma journey with the main aims of achieving sustainable growth through productivity, quality improvements to maximize 

productivity, shareholder, and social value, and pursuing "knowledge intensity" across all of their companies. More than 3000 Six 

Sigma projects have been completed, with 10,000 Master Black Belts and Green Belts trained globally, 500 financial analysts and 

managers, and more than 12,000 Six Sigma initiatives currently underway in all regions and lines of business.
 [2] 

This adoption is grouped in to different generations as follow in Fig. 1 
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ELEMENTS OF SIX SIGMA 
[2] 

Three basic elements are as follow: 

1. Process improvement 

2. Process design/re-design 

3. Process management 

 

PROCESS IMPROVEMENT 
[2] 

Its main objective is to eradicate the root causes of performance and deficiencies in processes. These deficiencies in performance 

could cause real problems for the organization or maybe prevent their efficient and effective working. 

PROCESS DESIGN/RE-DESIGN 
[2] 

  

An only making improvement in ongoing processes is not enough, and therefore, there is a need to design new processes and 

redesign the existing processes. 

 

It is necessary due to several reasons: 

 An organization may prefer to replace one or more of its key processes rather than repair them. 

 During a process improvement project, an organization realizes that just upgrading an existing process can never reach 

the level of quality that its consumers want 

 A company sees a chance to launch a whole new product or service. 

PROCESS MANAGEMENT
 [2] 

Process management is often the toughest and most time-consuming part of Six Sigma. It requires an elemental change in the way 

an organization is controlled and managed 

It consists of: 

 Defining processes and key customer requirements 

 Measuring performance against customer requirements 

 Analysing data to enhance measures and refine the process management process 

 Controlling process performance by monitoring responding quickly to problems and process variations. 

SIX SIGMA METHODOLOGIES 
[1, 2] 

DFSS: It is defined by Watson and DeYong (2010) as “a process to define, design and deliver innovative products provides 

competitively attractive value to customers in a manner that achieves the critical-to-quality characteristics for all the significant 

functions”. It is used in the context of new product development that focuses on quality from the very beginning.
 1 

DMAIC: This methodology DMAIC (Define, Measure, Analyze, Improve, and Control) is commonly used to describe the steps 

taken in a Six Sigma project to accomplish a continual improvement approach. It is also used in solving problems that aim at 

process improvement and is a favorable choice focusing on reducing cost, difficulties, or deprival. The selection of the 

methodology, in the end, depends on the specific requirements and is generally used for process development. As detailed in Fig.2  
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TOOLS OF DMAIC
[1 

At Yellow belt Level 

 Flowcharts 

 Check sheets  

 Pareto diagrams 

 Cause/effect diagrams 

  Scatter diagrams, histograms 

  Statistical Process Control 

At Black belt Level 

 Regression analysis  

 Hypothesis testing 

 Control charts  

 Design of Experiments  

DMADV: This methodology DMADV (Define, Measure, Analyze, Design, and Verify) is useful if the product or service under 

consideration is still at the early stages of development or major design changes are required. In five phases of DMAIC 

improvement and control phases are replaced by design and verify phases. The purpose of this methodology is to achieve the Six 

Sigma level from the start of the design phase.
 [1, 2]

 

This methodology should be used when:  

 There is no existence of product or process in the company and it needs development 

 The existing optimized product and services are unable to meet the level of six sigma and product specification 

 A product improvement, adjustment, or designing of completely new product according to customer requirements 

 The goal  is to create a high product by achieving every stage of product development as per the customer requirements 

 
ADVANTAGES OF SIX SIGMA

 [1, 3] 

1. Helps reduce costs and project timed  

2. Helps improve results and data integrity 

3. Helps enhance product development cycles and process design 

4. Helps eliminate root cause of the problem, prevent defects 

5. Helps improve both  efficiency of the line and production capability 

6. Helps minimizing waste and need of inspection 

7. Helps improve profitability of the company by reducing defects at early stage 

8. Helps improve relationship outside and within the organisation 

9. Helps strengthen customer loyalty by satisfying their needs  
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10.  Helps focus on developing and delivering near-perfect products and services
3
 

11.   Helps to eliminate defects so as to get as close to "zero defects" as possible
3
 

 

DISADVANTAGES OF SIX SIGMA 
[3] 

1. It  does not yield any cost savings at all 

2. Improving product quality can generate capital costs and long term overhead costs in terms of more quality personnel 

3. Data collection and analysis take up time and resources; this is called the cost of quality, the cost of achieving high quality 

must be balanced against other business objectives. 

4. It does not work well with intangible results. They are best for physical products and business processes. 

5. Its implementation constantly requires skilled man force. 

6. It emphasizes the rigidity of the process which contradicts the innovation and kills the creativity  

 

TERMINOLOGIES IN SIX SIGMA 

 Quality: A capability to produce goods and services as per customer’s requirement in the best, most effective and 

efficient manner. The goods and services that meet customer demands are termed quality products 
[4]

 

 

 Total Quality Management: TQM is held to be a quality approach to improve organizational performance to achieve 

customer satisfaction. It is known for continuous quality improvement, quality management, and total quality control 
[4] 

 

 Quality Tools: The benefit of these tools is that they can recognize the effects of the processes that cause uncommon 

variability in process results into errors and poor quality products.  Tools like Pareto charts, histograms, control charts, 

etc. contributes to quality improvement by efficiently knowing the cause of abnormal variability in a process 
[4] 

 

 Root cause: Identifying the origin of a problem affecting the quality of a product by chasing its cause and effect 
[5] 

 

 Root Cause Analysis (RCA): A systematic approach of identifying the root cause of problems and providing tools to 

resolve them so to minimize the need for recurrence 
[5] 

 

 Root Cause Analysis Tools: Tools that assist in determining the root cause of problems 
[5] 

 

 Continual Development: A continuous effort to improve a process, product, and services along with business strategy, 

results, consumers, employees, and supply chain management 
[6]

 

 

 Critical to Quality: A tool that structures and translate information collected from customers into measurable critical  

process requirements that can meet to satisfy users' demands 
[6] 

 

 Lean: The term ‘Lean’ can be used as a ‘coherent philosophy’ that introduces new ways of doing things considered as 

‘leanness’. It is also used to describe the philosophy of the Toyota Production System (TPS) developed in the car 

manufacturing industry. 
[6]

 

 

 Lean Six Sigma: It is an approach of continuous improvement, with a goal of driving efficiencies and standardization in 

processes, with well establishment in the manufacturing and supply chain industries. The term is also relevant in 

healthcare supply chain management.
[7] 

 

 Value: Perception of an end user giving outer reference of a process is the basis of value. Lean is based largely on 

insights, with the purpose to increase the proportion of value-adding activities in a process.
[7]

 

 

 Voice Of Customers: Customer engagement  to collect their feedback about their experiences with and outlook of  

products or service.
[7] 

 

 Fishbone: A methodology of ‘Sort, Set in Order, Shine, Standardize and Sustain cyclically to reduce waste. It maintains 

orderly workplace and visual cues to optimize productivity. 
[7]

 

 

STATISTICAL QUALITY TOOLS 

The quality control tools are simple statistical tools used by organizations for problem-solving and process improvements. These 

tools were introduced to Japan by the Quality Gurus such as Deming and Juran. Collectively, these tools can provide ease of 

analyzing, implementing, and tracking processes for quality improvements. Furthermore, it helps to deals with the basic concepts 

of QC tools and can be used to solve 95 percent of all problems to improve quality. These tools are important to observe the 

overall process and continuous development at manufacturing sites. They tend to improve processes by investigating the modes of 

defect, root cause and ways to reduce them.  For solving quality problems QC tools used are Pareto Diagram, Cause & Effect 

Diagram, Histogram, Control Charts, Scatter Diagrams, Graphs and Check Sheets. See in Fig.3 
[8, 9, 10, 11] 
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Fig.3 Statistical Quality Tools 

 

1. CONTROL CHARTS 

Dr. Walter A. Shewhart had developed control charts during the 1920s while he was with Bell Telephone Laboratories and 

considered them as “technically sophisticated” charts to maintain quality. These charts are used to find preventable causes and to 

determine the nature and amount of variation. These are a special form of ‘run charts’ that reduce defects and find whether the 

process is in ‘statistical control’ or not. It can be determined by confirming g that the samplings are between Upper Control Limit 

(UCL) and Lower Control Limit (LCL) if the process is not in between UCL and LCL it is out of control as shown in (Fig 4) 

point A is within the control while point B is out of the control. 
[8,9,10,11] 

 

 

2. SCATTER PLOTS 

It is a plot that helps to detect and analyze the relationship between two variables. The relation can be there among the variables 

or it may not exist. This tool can determine the kind of relation between the variables that can be positive, negative, simple, or 

complex. The degree and direction among variables are determined by the shape of the scatter plot. The relation between two 

variables can show the cause of problems. In the graph, one variable is plotted on X-axis and the other on Y-axis hence, multiple 

observations can be represented. The pattern of scattering of points in the quadrant indicates the relationship between the two 

variables
. [8, 9, 10, 11] 

The relationship shown by scatter diagram can be: 

i. Positive correlation ii. Negative correlation   iii. No correlation 
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3. HISTOGRAMS 

They are bar graphs or charts used to show the distribution of data or frequencies. It can be a helpful tool in determining the 

distribution pattern. It displays the various central tendency measures arranged in ascending order. It divides all variables into 

groups representing equal class intervals.
 . [8, 9, 10, 11] 

 

     

 

4. PARETO CHARTS 

A Pareto diagram is a tool that organizes objects based on the degree of their involvement hence, finds the most influential object 

in the process. It is the combination of a bar graph and a line chart that determines the effect of input factors on output products. It 

may help in prioritizing the quality problems, improvement projects, team to solve problems, to take corrective actions. This tool 

can determine the non-conformances, defects, and reasons for product rejections. It is based on the principle of the 80/20 rule 

indicates that the majority of results are derived from the minority of inputs. This rule is commonly used in the ABC analysis of 

material management. To make Pareto chart data is arranged in descending order.
 . [8, 9, 10, 11] 
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5. FISHBONE DIAGRAM 

This diagram is also known as the Cause and Effect Diagram. It was founded by Dr. Kouro Ishikawa in 1943 hence, also known 

as Ishikawa Diagram. It orderly relates an effect of the problems and their possible causes. It is useful to present problems 

systematically and generate ideas to solve problems. It is a tool for root cause analysis of problems important for an organization's 

improvement. This diagram includes six key elements namely environment, materials, machine, measurement, man, and method.
 . 

[8, 9, 10, 11] 

 

 
 

 

 

 

 

 

The seven new quality tools are a robust set of tools that have been effectively employed as decision-making tools for team-based 

projects. These tools, when combined with the core seven quality tools (covered earlier in this chapter), give simple visual aids for 

understanding various processes. These technologies are very beneficial for solving situations that aren't well-structured. 
[12]

 

 

 

 
 

1. AFFINITY DIAGRAMS 

An affinity diagram is a visual tool for organizing large volumes of data into groups based on their connections. As shown in Fig 

9.
 [12]

   

 
 

 

SEVEN MANAGEMENT TOOLS 
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2.  INTERRELATIONSHIP DIAGRAM 

The interrelationship digraph is used to show the correlation between different concerns of a situation. This graph may be 

used as an expansion of the affinity diagram. This diagram shows the connection between the complex processes and this 

arrow connects the ideas and issues. It is considered the best tool to determine complex issues.
 [12]

 

  

 

3. MATRIX DIAGRAM 

A matrix diagram is a tool for detecting, interpreting, and ranking the correlation between two or more variables. Elements with 

better test scores or a closer link are given great attention. This matrix comes in six distinct shapes, depending on how many 

groups are compared and roof-shaped. This grid usually has many options that need comparison and several criteria for 

evaluation. The diagram aims to rank options from the most desirable to least desirable. As shown in Fig.11 
[12]

 

 

 

 

 

 

 

 

 

 

 

Fig. 11 Matrix Diagram  

4. TREE DIAGRAM 

The tree diagram is used to disintegrate broad categories into more specific degrees of detail. It begins with one product or 

problem and then spreads into two or more. It helps to split data to get the details of a general idea. This diagram starts by 

dividing issues into branches, further making sub branches described as next levels.
 [12] 
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Fig. 12 Tree Diagram 

 

 

 

 

 

5. PRIORITIZATION MATRICES 
To make decisions including several criteria and alternatives, a ranking grid is employed. This tool prioritizes issues based on 

weighted criteria.  In dealing with a situation involving this grid, there are frequently multiple options to compare several criteria 

to analyze. The objective is to rank the options from the most desirable to the least desirable.
 [12]

 

                                            

                                                                                 1                                           2 

                                                                                 3 

                                                                                 4 

  Fig. 13 Prioritization Matrices 

 

 

6. PROCESS DECISION CHARTS 
A tool for contingency planning is the Process Decision Program Chart (PDPC). These charts can be used to implement a plan or 

program, as well as to improve one. It aids in the brainstorming and identification of potential issues.
 [12] 

 
7. ACTIVITY NETWORK DIAGRAM 
The Activity Network Diagram is used for planning, scheduling, and forecasting. The Critical Path Method (CPM) and 

Program Evaluation and Review Technique  (PERT)  are common examples.  They are used to determine the duration, area, and 

route of the project. This project route identifies the completion and the slack times for activities.
 [12] 
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Six Sigma and TQM 

Six Sigma has evolved to become an expansion to Total Quality Management. Since the Six Sigma method of Design, Measure, 

Analyse, Improve, Control (DMAIC) resembles Deming’s Plan, Do, Check and Act (PDCA) Six Sigma act as an addition to 

quality development initiatives such as the Total Quality Management. Both of them are key methodologies for continual 

improvement. They have the same aim of pursuing customer satisfaction and commercial profit. However, it is tough to replace 

TQM completely with Six Sigma. TQM can be defined as a continuously evolving quality management system or business 

culture which consists of values and tools focusing on customer satisfaction and the use of fewer resources. TQM and Six Sigma 

are very powerful continuous improvement methodologies that share common goals and grounds in terms of theory, philosophical 

approach, aims, principles, links to the teachings of Deming, focus on people, customer, process, and dependence on management 

support along with the approach of design. Data analysis tools and more economical focus are extensions of six sigma found in 

TQM. See Table.1
[13]

 

 
 

 

PRINCIPLES OF SIX SIGMA
[13]

 

 Aligning key processes and customer requirements with the strategic goals 

 Identifying champions for each project, obtaining necessary resources and 

 Securing help to overcome the resistance to change 

 Instituting a standard measurement system and identifying appropriate metrics 

 Training, deploying improvement teams, and setting stretch improvement goals 

SIX SIGMA IN PHARMACEUTICAL INDUSTRIES
[14,15,16]

 

Six sigma has got popularity in many pharmaceutical industries over the last few years. Continuous improvement directly 

indicates the success of an organization. The marginal cost of quality products results in an intense battle of industries with 

competitors. Better understanding and execution of this method will be beneficial to industries from a competitive point of view. 

Hence, it is adopted mainly for reducing waste, cost, cycle, and time. The pharmaceutical industries must realize the vision that 

they must continue to process quality products. A product free from contaminants, impurities to maintain its quality, efficacy, and 

safety to deliver its therapeutic value is termed a quality pharmaceutical product 

Key points for the need to implement six sigma in pharmaceutical companies: 

 By changing traditional ways to conduct clinical trials and begin to implement initiatives by the use of six sigma 

methodology 

 By focusing on technology integration and improving workflow to meet challenges 

 By expanding new ventures which are not possible by homegrown process improvement 

 Qualitative clinical development evaluations are done by tested research approaches   

 

Pharmaceutical industries have adopted six sigma as a process improvement strategy. For a better understanding of product 

quality, FDA has taken quality metrics as an initiative. These metrics help to ensure improvement in inspections, identify factors 

leading to supply disruption and provide consumer-friendly information on quality consumers. The future of manufacturing is 

assured by six sigma quality for both patient/consumer healthcare and economic reasons. It helps to ensure continual 

improvement in processes to minimize safety and efficacy risk for complex products. These industries should eliminate drug 

shortages; recall providing more reliability and less risk to their consumers.  

 

They should ensure real-life cost saving as a drive to six sigma performance on the manufacturing side.  These industries should 

adopt Quality by Design (QbD), new emerging technologies along with these methodologies. The capability of the process to 

produce products and services that can meet the specific requirement is known as process capability. The index that determines 
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the capacity of the process to generate outputs within the specified limits is termed as Process capability index. It is denoted by 

Cpk. This index also measures the natural variation of a process relative to its specification limitations. Process capability indices 

are formed to express highly desirable capability with an ascending higher value.  

The values present near or below zero highlights that process is operating at higher variation. They are formed to state ascending 

order of value of highly desirable capability. The process is operating at higher variation if values occur below or near zero. By 

improving product quality, reliability of delivery and reduced product costs this method can allow organizations to improve 

competitiveness. It focuses on integrating technology to improve workflow to meet challenges and for the extension of new 

ventures, which are impossible using process improvement methodologies. It strongly correlates with financial performance by 

providing approaches for process improvement and the quantitative evaluation of clinical development. 

FUTURE OF SIX SIGMA
[17]

 

Six sigma is more likely to be considered one of the major initiatives aimed at improving the management process than a flash in 

the pan. The main objective should be to improve overall management performance, not only to identify and enumerate 

deficiencies. Researchers and practitioners are attempting to integrate six sigma with other existing innovative management 

practices that have been put in place to make six sigma methods even more attractive to different organizations that might have 

not started or fully implemented the six sigma method. Incorporate and compare the principles and features of six sigma with total 

quality management. The organization's successful implementation and growing interest in six sigma methods have been found 

exploded in recent years. It is rapidly becoming a major driving force for many technology-driven, project-driven organizations. 

Factors affecting successful six sigma projects include management participation and organizational engagement, project 

management and control skills, cultural change, and ongoing training.  

 

CONCLUSION 

Six Sigma is a set of numerical tools used in quality management to build a process improvement framework. It ensures the 

delivery of near-perfect products and services It helps in reducing costs, time, and waste and minimizesthe need for inspection. It 

works based on process improvement to determine the root cause of the problems, process design/ redesign to ensure the 

involvement of new processes, and improvement of the existing processes. It allows for cultural transformation by dynamically 

linking people, processes, and outcomes in a precise, adaptable manner to get the results that businesses seek. It utilizes different 

methodologies that are DMAIC and DMDAV, and sometimes it adopts DFSS used in the context of new product development 

that focuses on quality from the very beginning. The quality control tools are simple statistical tools used by organizations for 

problem-solving and process improvements. The seven new quality tools are a robust set of tools that have been effectively 

employed as decision-making tools for team-based projects. It acts as an addition to quality development initiatives such as Total 

Quality Management. Both of them are key methodologies for continual improvement. They have the same aim of pursuing 

customer satisfaction and commercial profit. However, it is tough to replace TQM completely with Six Sigma. This technique has 

got popularity in many pharmaceutical industries over the last few years. Continuous improvement directly indicates the success 

of an organization. The marginal cost of quality products results in an intense battle of industries with competitors. 

Pharmaceutical industries have adopted it as a process improvement strategy. It is more likely to be considered one of the major 

initiatives aimed at improving the management process than a flash in the pan. The organization's successful implementation and 

growing interest in six sigma methods have been found exploded in recent years. It can play a major role and their full space for 

its advancement and scope in the future. These technologies are very beneficial for solving situations that aren't well-structured. 

This article focuses on the all worthy and useful aspects of Six Sigma. 
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