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ABSTRACT

Six Sigma is the evolution of statistical quality improvement processes that have been used extensively to improve manufacturing and other process-related industries. The Six Sigma process calculates to 3.4 defects per million opportunities. Needless to say, that is near perfect execution of a process. Although not often used in the safety arena to full potential, Six Sigma tools can help produce significant and sustainable improvements in safety performance, injury reduction and associated pain. The objective of health and safety department at the manufacturing company was to set and improve accidents prevention system. The paper presents how does the six-sigma technique will help to evaluate the safety and environmental hazards in performance of organizations? It is observed that the study helped the management to measure, analyze and improve over-all safety plan to protect the life and health of the employees.




INTRODUCTION
IS SAFETY GIVEN THE SAME COMMITMENT as product quality? Are employees accountable for their own safety? Is safety excellence embedded into the company psyche? These fundamental questions are driving today’s safety revolution. In much the same way quality management made significant strides during the 1980s, industrial safety is poised for its own transformation. This article provides an actionable approach to how a zero-injury culture can be driven by adopting the same tools and tactics of product quality’s Six Sigma methodology. It includes a previously unpublished case study that documents the teamwork, methodology and results of a corporate continuous improvement team at Frito-Lay Inc.; it involved 40 plants and 10,000 employees. Six Sigma tools are nonproprietary, with a growing number of documented references to their statistical origin. This article documents their practical application to safety and their resulting injury breakthroughs. 
It is evident that the international labor organization (ILO) and world health organization (WHO) are concerned with protecting the safety, health and welfare of people engaged in work in any industrial or non industrial organization. One of the principal objectives of any manufacturing organization is that of developing and promoting the right safety culture. They wish to do improvements in the area of safety, health, and environ- mental protection.
 This paper reports a study to enhance the level of safety among the workers at one of the manufacturing organizations. Six- sigma technique is used herewith, to define opportunities, measure performance, analyze opportunity, improve, and control performance. The paper is organized in numerous sections. To start with initially background of the manufacturing company is presented, followed by a brief review about the relevance of six-sigma in industrial safety. Subsequently the detail application of DAMIC (Define, Measure, Analyze, Improve and Control) model is presented. At the end the paper concludes with the future scope of the present study.
Literature Review: Six Sigma and Safety 
Safety has a significant role in industrial organizations. It is evident from the past literature [5-9] that employee awareness of safety plays an important role in quality outcome. Poor awareness of safety indicates a poor safety climate and is linked to decreases in the actual health and safety of employees. The duty of any operations manager is how he/she can improve worker performance in general and quality outcomes in particular. The purpose of the present study is to integrate industrial safety and six sigma approach. A brief literature review of selected articles is presented here under. presented the six sigma process framework in performance management to explore and improve the injury rate of an international waste disposal firm as a case study. 
How Six Sigma Can Improve Your Safety Performance
To gain an understanding of Six Sigma, it is helpful to have some historical knowledge of the original statistical improvement tools or the Total Quality Management (TQM) concept. Original quality pioneers such as Walter A. Shewhart, W. Edwards Deming and Kaoru Ishikawa worked with Japanese manufacturing companies in the 1950s to significantly improve the quality of products. The original concept, TQM, has been defined as a management philosophy that produces continuous improvement of products and processes.
One of the most powerful tools that came out of TQM is the Plan/Do/Check/Act (PDCA) continuous improvement wheel. In this concept, plan to do something, do it, check for the effectiveness and, if it’s not performing as planned, act upon that by making changes. Then, on an ongoing basis, “turn the wheel” or plan, do, check and act again. This produces continuous improvement. The concept of PDCA is still just as powerful today as it was when first proposed.
A safety application of PDCA at both a strategic and an operational level is shown in the following diagram.

[image: Granger-PDCA-Web]

A Formal Improvement Process
The original TQM used a number of statistical tools, but there was no formal process for integrating all of these tools and developing a complete process improvement solution. Six Sigma uses DMAIC, a clearly defined five-step improvement process that consists of the following:
Define 
• Identify the process and define the scope of the project.
• Clearly identify the inputs and outputs of the process. 
Measure
• Evaluate the measurement systems and resulting data. 
Analyze
• Determine cause-and-effect relationships.
• Identify the root cause of the defects.
Improve 
• Develop and implement improvements.
• Test effectiveness of improvements. 
Control

• Implement a system to sustain the improvements.


[image: Granger-DMAIC-Web]

Define Stage – What Are We Working On?

In the Define Stage, clearly identify the scope of the project or what it is that needs work. Also determine what the target performance should be. It will be necessary to understand what process is failing and resulting in what kinds of injuries.
One of the Six Sigma tools that is typically used in the Define Stage of the DMAIC method is the SIPOC. This tool is typically used in the manufacturing process where it is important to identify the suppliers, inputs, processes, outputs and customers. The diagram below shows the use of this tool in a very simplified version of the line construction work process[image: Granger-SIPOC-Web]
By applying this tool to safety, one can see how some of the suppliers and inputs – which are normally not considered to have an impact on safety – can indeed have impact. For example, the SIPOC tool helps demonstrate that the people who design the project, design the standards or determine the specifications of the materials should consider safety implications when doing design work.
Measure Stage – Is the Data Correct and What is it Telling You?
In this stage, the data being used is extensively assessed and interpreted. First, ensure that the data is valid and accurately measuring the desired subject. This can often be an issue when analyzing behavior observations. Behaviors such as use of safety glasses are easy to document and address. More controversial items, such as 
adequate cover-up, are not always documented and addressed. As a result, when combining all of the observation data, since some of it is not valid, the overall observation results may not reflect actual performance.Often in this phase, charts and graphs will provide directional information stating that performance has improved or degraded, but this may be misleading. Many charts and graphs reflect averages, and important information can be lost in averages. There are a number of tools used in this stage to identify whether it is truly statistically improving or if it just looks better on a chart. Tools that are used in the Measure Stage include histograms, Paretos and process capability.

Analyze Stage – Identifying the Root Cause
In the Analyze Stage, use the data collected and validated in the Measure Stage to determine the root causes of the process defects or injuries. A few of the tools that are used in the Analyze Stage include Cause & Effect Fishbone Diagram, Five Whys and Correlation Testing. The fishbone diagram is familiar to most people because of its extensive use in identifying the root cause of accidents. The importance of this stage cannot be understated because if the root cause is not validated, the corrective measures – tied to that root cause – will not provide the desired results.
Improve Stage – The Corrective Measures
After completing the Analyze Stage, potential corrective measures often become evident. During the Improve Stage, it is 

most important to test the potential corrective measures to see if they will address the root cause. In the safety arena, that does not mean to wait and see if another injury occurs. The root cause needs to be prevented, not the injury. In the case of eye injuries, the identified root cause may be the employees not wearing safety glasses or employees wearing improperly fitting safety glasses. In this case, the Improve Stage would include a process for fitting glasses and providing them to employees. In this stage, pilot trials or other forms of testing effectiveness can be used.

Control Stage – Make it Sustainable
The primary objective of the Control Stage is to monitor results and ensure that the expected improvements are being achieved and sustained. One of the biggest challenges, especially when implementing safety 
improvements, is ensuring that those improvements will be sustained. Far too often, events or injuries occur and upon analysis, corrective measures were recommended and implemented several years ago for a previous event, but are not working or are not in place for various reasons.
One reason for this could be that a good process was not in place to sustain corrective measures. Actual examples include: 
• A safety improvement memo was sent out, but there was no follow-up to ensure that people implemented it. 
• A new, safer tool was specified and purchased, but the older, unsafe tool is still found throughout the system. In the case of safety glasses, the employees are no longer using the ones they were fitted with.




[image: ][image: ][image: ]Figure :  A causes and effect diagram to measure safety.
Another reason may be that the original corrective measure did not correct the 
original root cause. This should have been identified when testing the effectiveness of the corrective measure in the Improve Stage.
Of all of the stages in the DMAIC process, I feel the Control Stage is the most important and most overlooked.
As we have seen, Six Sigma is a powerful process and methodology for making our customers happy and increasing profits. If we look at this from an aspect of avoiding a risk, and thereby making our employees and managers happy, due to reduced loss, we can then equate a loss (Injury, crash etc) to a defect. We can Define the problem as employee injuries, more specifically repetitive strain injuries to the shoulder. We can identify the scope and identify specific, measurable, actionable, realistic and time centered goals for our study of the injury producing operation. We can develop a measurement methodology such as of shoulder injuries per million parts. We can collect data from injury reports and easily collect the data. Drivers of variation may include someone’s resistant to report an injury. 

Once we have established a definition of our problem from the voice of our employees, and established our, measurement criteria we can now begin to analyze how our process is performing in comparison to our history, industry injury statistics, and also identify what the root cause of the problem is and may lead us to Shoulder injuries occur to employees operating unit X while producing item C whose weight variation is 4 x's higher than other operations performed. 

Once we identify this we can begin to brainstorm ideas to reduce the risk from the operation, establish experiments to test our recommendations report on results and make final recommendations to management on needed process changes to sustain our injury prevention results. 

Once we have approval, our financial champion can modify or approve budgets for needed equipment changes, supplier changes and costs that may be associated with employee training on the modified process needed to control the new process improvements. 

Thereby making Six Sigma a valuable methodology in the reduction of injuries or Injuries per million opportunities.
The Human Resource department is suited in two ways for Six Sigma projects. One is implementation of a project in the HR activities, and the second is the involvement of the HR department in carrying out some of the activities in the execution of   Six Sigma project at the organizational level. 

It has to be understood that though HR is not a huge department of the organization, it has a huge effect on every organization. Human resource is human capital and has to be considered for good returns on investment. The processes have a major impact on the employee’s efforts for delivering services or product. 

They can handle the responsibility of retaining the employees while balancing the financial needs of the company. 

There are various compensation and benefit areas which are taken care of by the HR department, such as payroll administration, time and attendance management, leave policy, stock options and so on. Projects such as automating the paycheck deposition process, faster performance review systems and eligibility study for ESOPs can be considered for the betterment of these activities of the HR. 

With regards to human resource management, they have payroll information services and others to be taken care of. There could be a need for projects like integrating multiple payroll systems for remote locations and consolidation of employee information database.

Labor Relations: 

The most important area that HR personnel have to take care of is labor relations, with regard to employee absenteeism, dispute resolution, health and safety issues, union negotiations, interpersonal communication and discrimination and harassment issues. 

There could be projects undertaken to address the discrimination and harassment by way of monitoring and compliance audit, systems for improved communication among employees and executives and DFSS process design for termination and dismissal. 

There could be projects aimed at overall organizational development with regards to the career and succession planning, leadership issue, change management, workplace planning and organization, performance improvement and communication programs.

Staffing, Training and Retention

one basic responsibility of the HR department is staffing, background checks, selection and training and retention of employees. They have to design and schedule training and development programs for new employees, as well as existing ones. 

They also have to handle employee contracts for permanent and temporary employees and smooth the process of relocation and outsourcing of employees. They have to manage the retrenchment issues and exit interviews. There can be projects like creating self-learning and evaluation modules for the employees. 

Projects to improve the hit rate for job postings followed by quick responses to the applicants, reduction in unnecessary security checks and so on can be undertaken by the HR department as part of the Six Sigma project.

If you review the above listed projects, you will understand very well what impact the Six Sigma projects in the HR department will have on the other processes. It will surely lead to improvement of the human capital, thus ensuring good returns in the form of improved productivity and efficiency in the activities they carry out.
Generally Following are the three ways have to be applied for six sigma approach to safety:


1. Changing Culture
It has been noticed that the easiest way to bring down accident rates in most organizations is to improve the organizations safety culture & climate. That is , safety becomes a way of life for every employee. The result of such culture improvement is very visible on a company's bottom line: reduction in costs of insurance, of lost production, of compensation, etc and a whole lot of overt and hidden costs.

Organizations would also reap tremendous benefits if a quality culture, call it lean or six sigma cultures, is launched and implemented company wide. Not just selecting few members for six sigma training. Granted there is need to have a dedicated team or champions in form of sigma belts, but general employee training on six sigma and lean principles would even add more value to the organization's bottom line.

Better still, if this quality culture is married with safety culture.

Implementing short -term improvements in safety and quality do not last; what lasts is making the culture change to cut across the entire strata of the organization over its life cycle. The lesson from this proposal is for CEOs to make every employee to undergo basic lean training and culture change; i.e. making both safety & quality a way of life.

2. Top Management Involvement

Indeed, it is essential to the success of any organization or company's safety and health program that top management demonstrates a very strong interest and involvement as well as a serious long-term commitment to protect every stakeholder, whether they be employee, or customer from injury and illness on site. However, to achieve this level of commitment the application of Six Sigma must come into play.

Real commitment does not appear out of thin air. Management commitment to safety will only occur when each manager or executive clearly understands the positive benefits derived from their collective effort. Comprehending their roles in achieving the benefits (outcome) will create a continued desire to maintain the organization's safety culture. Henceforth, managers will invest serious effort, time, and money into effective safety management by developing the programs, policies, plans, processes, and procedures defining a comprehensive program.


3. Six Sigma for Injury Reduction

As we have seen, Six Sigma is a powerful process and methodology for making our customers happy and increasing profits. If we look at this from an aspect of avoiding a risk, and thereby making our employees and 
Manager’s happy, due to reduced loss, we can then equate a loss (Injury, crash etc) to a defect. We can define the problem as employee injuries, more specifically repetitive strain injuries to the shoulder. We can identify the scope and identify specific, measurable, actionable, realistic and time centered goals for our study of the injury producing operation. We can develop a measurement methodology such as of shoulder injuries per million parts. We can collect data from injury reports and easily collect the data. Drivers of variation may include someone’s resistant to report an injury.

Once we have established a definition of our problem from the voice of our employees, and established our, measurement criteria we can now begin to analyze how our process is performing in comparison to our history, industry injury statistics, and also identify what the root cause of the problem is and may lead us to Shoulder injuries occur to employees operating unit X while producing item C whose weight variation is 4 x' s higher than other operations performed.

Once we identify this we can begin to brainstorm ideas to reduce the risk from the operation, establish experiments to test our recommendations report on results and make final recommendations to management on needed process changes to sustain our injury prevention results.

Once we have approval, our financial champion can modify or approve budgets for needed equipment changes, supplier changes and costs that may be associated with employee training on the modified process needed to control the new process improvements.

Thereby making Six Sigma a valuable methodology in the reduction of injuries or Injuries per million opportunities.



The Safety Perception
Survey: 20 Categories: 
1) Accident investigation. 
Does your safety system deal positively with the investigation of accidents? Are the real causes ever covered up for political reasons or to meet production quotas? Do employees feel free to dis- cuss the underlying causes and circumstances?
2) Quality of supervision. 
Are supervisors perceived to be competent in accident prevention? Do they hold meaningful safety discussions with employees on a regular basis? Do they reward safe behavior?

3) Substance abuse. 
Are employees with substance abuse problems allowed in the workplace? Is there an effective program for prevention and rehabilitation?
4) Attitudes toward safety.
 Is there a positive attitude toward safety at all levels of the organization? Do employees feel that management is fair and effective in its approach to safety?
5) Communication. 
Do managers and employees communicate freely on safety issues? Are there informal systems of communication in addition to the more traditional channels?
6) New employees.
 Are new employees thoroughly trained in safety? Does training continue on the job with reinforcement from experienced workers?
7) Safety performance goals. 
Do workers and management formulate behavior-oriented safety goals? Are goals effectively communicated to all employees?
8) Hazard correction. 
Is there an effective system for dealing with reported hazards? Is this system understood and supported at all levels of the organization?
9) Inspections.
 Are there regular inspections of all operations? Do employees have an opportunity to participate in these inspections?
10) Employee involvement. 
Are there opportunities for employees to become involved in safety through such means as quality improvement teams, committees or effective supervision?
11) Program awareness. 
Do awareness programs stress safety both on and off the job? Do employees look favorably on these efforts?
12) Performance recognition.
 Is good safety performance recognized at all levels of the organization? Are workers routinely reinforced on the job for safe behavior or is recognition merely relegated to occasional safety awards?
13) Discipline. 
Is the company perceived as taking a fair approach to handling rules infractions? Is the emphasis on discipline in proportion to the emphasis on positive reinforcement?
14) Safety contacts. 
Are there regular safety contacts with all employees? Are one-on-one discussions used in addition to safety meetings?
15) Operating procedures. 
Are safe procedures seen as both necessary and adequate by all levels of the organization? Are employees actually aware of the company’s safety-related procedures?
16) Supervisor training. 
Are supervisors perceived to be well-trained and able to handle problems related to safety? Is their performance measured and rewarded appropriately?
17) Support for safety. 
Is the whole organization seen as working together to create a safe work environment? Is each level of the organization perceived as contributing effectively to the safety effort?
18) Employee training.
 Do employees feel that they receive adequate training in how to work safely? Do employees understand how to work safely?
19) Safety climate. 
Is the climate conducive to adopt- ing safe attitudes and work habits? Is safety perceived as important to the organization?
20) Management credibility. 
Is management seen as wanting safe performance? Are they willing to provide necessary resources to achieve this performance?
Also, the implementation of SIX SIGMA in Safety and Health is very interesting here. 
I would strongly suggest the six sigma implementation in Safety and Health in terms of following few lines
1. Electrical and Mechanical machines must be handled with care.
2. Safety Operational Instructions must be written near around the machines.
3. Safety Goggles, Aprons and Shoes must be put-on while working there.
4. Availability of First Aid and Drs, Ambulances must be ensured on the site.
5. To produce quality in a product, there should be safety and health first.
6. One small human mistake could destroy the human lives and wealth.
7. One injury or one death (causality) can create the big disturbance in the organization or in small family.
6. If there is a safety and health first, then there will be quality, six sigma and management and industry.Now it has to be observe that how the six sigma and in what way could be implemented.

Safety is a six sigma project in every business. Safety is number one on every job and if it is not, you will have very few jobs in the future. Your completion as well as companies safety is looked into, by most industries before they will do business with you.
No one wants to bring a liability to their business and bringing in companies that have maintained their gains in improving safety are usually sought after, by others who are looking for services in their field of operations. Safety affects a business cost of insurance and overall operating cost.
Financial analyst should be able to show gains in safety improvement, will show gains in companies profits. Talent, which is hard to hold, will not jump to another company, in which there safety puts there life in danger.
A company with strong safety prevention plan and maintains such, will be able to obtain and hold talent that others cannot. This results in lower operating cost, better morale , fierce completion for market share, and aids in maintaining gains.
Safety is everyone job, so from yellow belts to master black belts, need to observe and report observations for review, to define areas for improvements, measure through observations the results of changes  to maintain gains, improve in areas reported by others in the company, that need some changes , analyze the actions of others while at work, to see that the training is understood and used properly, improve on areas that company seems to be failing at through reports , from green , yellow, black belts and other who work for company. Let the company use feedback reports to be given to master black belt to check on controls  in place to recognize areas to improve. Look at what others in your field of operations are doing to improve there safety and or training. On new industries this can sometimes take a lot of work from all to achieve 100% safety that all companies strive for.
Safety to new employees from one industry to another get a lot of training, which may not be understood. Many times others just state, get through the safety training and that is all it takes. When others are observed violating safety, many companies have a policy to fire on the spot. This shows a senseless blame game. When a person demonstrates a violation of safety your first question, should be to ask if we trained him properly and the answer is --no.  The second question you should ask yourself, did I put him with a mentor to guide and observe the actions and understanding, before they commit a violation and understand fully that safety comes first- the answer is no. Many times, employees new ones and older employees from different size companies and occupations, br
ing habits  from previous work places, which may not be fully understood and/or misunderstood through previous bad training and follow-up observations. Customers from other industries well trained, will pick up on this quickly when visiting your company, and make reports of their observations, which can have a major impact on a company’s future.
 

The morale of company employees is also affected by the surroundings they experience and observe, as well A company without a strong safety program has no future.
Conclusion : The critical factors related to low safety level at the manufacturing companies,
[image: ]           [image: ]
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Fig.  Negligence of worker and Negligence of management in displaying the safety rules.
we identified the critical factors from the questionnaire survey as follows: lack of concentration at work place, disregard to safety regulations, vast variation to co-worker background, and bad handling of tools and materials. From visual observations the factors observed are as: negligence of management in providing and maintaining the facilities & utilities, negligence of workers in storage materials and tools, negligence of management in displaying the safety rules. Thus the study demonstrates the effectiveness of six-sigma DAMIC approach to reduce the safety hazards. The future scope to the presented study is developing the detail framework for the implementation and control phase
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