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Introduction
The following document provides an overview of quality management systems (QMS) and their applicability to Nuclear Medicine Departments (NMD). Initially quality will be defined and its value to an organisation discussed. The prerequisites for the successful introduction of a QMS into organisation will be considered. Finally a summary of a number of quality models will be provided. The fundamental principles of each model will be described as well as how that model is implemented in an organisation. The finally the strengths and weaknesses of each model will be considered in terms of the network requirements already highlighted.

What is Quality

The Oxford English Dictionary defines quality as the degree of excellence of a thing. In terms of business a range of definitions have been provided

· A product or service's nature or features that reflect a capacity to satisfy an expressed or implied statement of need (Deming 1982)
· Conformance to requirements (Crosby 1979)

· Fitness for purpose or use (Juran 1993) 

· Product and service characteristics as offered by design, marketing, manufacture, maintenance and service that meet customer expectations (Feigenbaum 1991) 

· A perceivable and measurable move from mere satisfaction by a customer to "delight and reputation for excellence". Customer expectations are consistently met with an after-glow of well-being. (Oakland 1995)

Why should we be interested in quality?

By focusing on quality an organisation is improving its chances of selling its products or services, maintaining or perhaps expanding its market share, thereby ensuring its continued existence. Essentially:

· Companies that fail to focus on quality lose market share and decline in reputation. 
· Good reputations are easier to lose than regain. People trust and become accustomed to favourite goods or services. However a customer will always remember a poor quality product or service and will quickly transfer their loyalties to new suppliers.

· It takes a major strategic, operational and psychological effort to regain a lost reputation

The Management of Quality

Until the early 1950s management of quality was generally restricted to quality control, mainly the inspection for defects in products. From the 1950s onwards Japan began to adopt various methodologies that focused on process quality rather than just product quality. The first and most influential of quality management approaches was that developed by Deming (1982). He advocated a process of continual quality improvement to refine processing systems. This process was based upon the PDCA cycle (Plan, Do, Check Act). 

· Plan: Work out changes based on actual data. Is a pilot needed? 
· Do: Make the change, implement a pilot 
· Check: Evaluate effects, gather results 
· Act: Study outcomes, draw conclusions. Confirm the changes or plan/experiment again

To a greater or lesser extent most quality management systems in use today are based upon the Deming cycle and the process of continual quality improvement. 
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What is required from a NMD QMS?

For a QMS to effective is must fulfil the following the criteria:

· The system should where possible be low maintenance

· The system should be in the background

· The system should compliment and not hinder the work a NMD

· The system should not be bureaucratic

· The system should be flexible to allow a NMD to chose its own working methods

· The system should not place an excessive financial burden on a NMD

A QMS can hinder rather than help? 

It has been noted that even after massive efforts, staff briefings, review meetings etc. a QMS may not achieve any operational improvement. This confirms that a programme to improve and manage quality is a complex undertaking. And to integrate a system into an existing structure requires commitment. Therefore will the correct foundations, objectives and backing from management and employees a QMS will consume time and resources without delivering any benefits to an organisation.
QMS will not solve the problems of a NMD

The introduction of a QMS will not solve the problems of a NMD. It simply offers a structure within which a NMD can improve, but this improvement will only come if a NMD commits time and effort to the process. For example a NMD must be prepared to produce a manual that defines its procedures. It must state how these procedures are followed, inspected, tested, reviewed and if they fail what corrective actions are in place. Beyond this a NMD must have or be prepared to implement methods to record performance and set performance indicators. QMS is only a process and therefore can only be good as the elements that are introduced to it. Deming (1982) identified the following principles that a company must commit to for a QMS to succeed, many of which are applicable to the network:

· Create constancy of purpose over the long term. Innovate and put resources into research, equipment and training. 
· Learn new attitudes, reject complacency. Learn to be smart 

· Request evidence of process controls from suppliers – do not rely on inspection 

· Use statistical process control - find the source of faults 

· Make major changes in training for fully trained, motivated staff 

· Improve the quality of supervision and information to supervisors 

· Emphasise participation over fear and insecurity 

· Remove inter-departmental barriers and bureaucracy 

· Get rid of empty slogans and carping posters - lead by example 

· Focus on the quality of work standards more than crude numerical 

· Train staff to use useful statistical methods so that they can investigate and communicate 

· Have experts in support who can give guidance 

· Re-train to parallel developments in processes, materials, products, equipment, procedures

· Create a top management focus to push the first 13 points with every manager to accept responsibility for change

What QMS models are available?

In the following section a number of QMS models will be described and assessed in terms of their suitability for the a NMD. 

ISO 9000 Family (International Organisation for Standardisation)

The ISO family of standards represents an international consensus on good management practices with the aim of ensuring that an organisation can consistently deliver a product or service that meet the client’s quality requirements. These good practices have been distilled into a set of standardised requirements for a quality management system, regardless of what the organisation does, its size, or whether it’s in the private, or public sector. In effect the ISO 9000 family is only concerned with the way an organisation goes about its work, the processes, and not directly the result of this work. ISO 9000 family provides a tried and tested framework for taking a systematic approach to managing business processes, so that they consistently turn out products and services conforming to the customer’s expectations. At the heart of the model is the PDCA cycle and the following eight management principles:

· Customer focus 

· Leadership

· Involvement of people 

· Process approach 

· Systems approach to management

· Continual improvement

· Factual approach to decision-making

· Mutually beneficial supplier relationships

How does the ISO 9000 family of standards work? 

ISO 9000 family establishes what requirements a quality system must meet, but does not dictate how these requirements should be met, which leaves great scope and flexibility for implementation in different business sectors. The ISO 9000 family is divided into three main sections:

· ISO 9000:2000: Establishes a starting point for understanding the standards and defines the fundamental terms and definitions used in the ISO 9000 family which are required to avoid misunderstandings in their use.

· ISO 9001:2000: Has integrated three standards ISO 9001, 9002 and 9003. This is the requirement standard used to assess the ability of an organisation to meet customer and applicable regulatory requirements and thereby address customer satisfaction. It provides models against which a QMS can be audited to give an organisation and its clients assurance that the system is operating effectively. 

· ISO 9004:2000: provides a guideline standard for continual improvement of a quality management system. 

What if ISO 9000 is implemented?

An organisation carries out an internal auditing of its ISO 9000-based quality system to verify that it is managing its processes effectively

· The organisation may invite its clients to audit the quality system in order to give them confidence that the organisation is capable of delivering products or services that will meet their requirements. 

· The organisation may engage the services of an independent quality system certification body to obtain an ISO 9000 certificate of conformity.

Advantages of ISO

· ISO is an internationally recognised method of implementing quality in organisations

· There is a clear focus on documentation and record keeping which facilitates improvement

· The focus on documentation means the process is not so dependant on individuals 

· There is strong element of self policing 

· The gaining of an ISO certificate is a very good marketing tool

Disadvantages of ISO

If the ISO certification is formally applied for it can be: 

· Time consuming and bureaucratic to implement

· Prescriptive and inflexible because it is audit based

· Costly, a consultant is hired to give advice and help in achieving the standard and certification can only be confirmed an external audit that must also be paid for.

· Offers a clear paper trail but does not focus on innovative solutions

Excellence Model (EFQM)

The excellence model was developed by the European Foundation for Quality Management (EFQM).  The Foundation recognised that regardless of size, sector or structure all organisations require an appropriate management system to be successful. The excellence model was developed to allow organisations to measure where they are on the path to excellence, through comparison with best practice, pinpoint and understand gaps in processes and strategies and help identify solutions. The model offers a non-prescriptive framework, recognising that there are many ways of achieving continual quality improvement. The excellence model is based on nine criteria, five are enablers (what the company does) and four are results (what the company achieves). The nine criteria are:

· Leadership

· People

· Policy & Strategy

· Partnerships & Resources

· Processes

· People Results

· Customer Results

· Society Results

· Key Performance Results

The model states that “excellent results with respect to performance, customers, people & society are achieved through leadership driving policy & strategy, people, partnerships and resources and process.” Each of the above criteria is supported by a number of sub-criteria , questions and guidance points. As with ISO the excellence model rests upon the PDCA cycle, or as it is termed in this instance RADAR (Results, Approach, Deployment, Assessment & Review). 

· Results: An organisation must determine the results it is aiming for, a good organisation will show results with positive trends or targets that are met or exceeded

· Approach: What an organisation plans to do and why, a good company will have a sound approach with a clear rationale which is integrated into policy and strategy

· Deployment: What a company does to deploy the approach, a good company will have implemented its approach in a systematic way

· Assessment & Review: How does a company  assess and review its approach and deployment. A good organisation will be subject to regular measurement, learning activities will be undertaken and the output from both will be used to identify, prioritise and implement improvement

The RADAR approach is evaluated using a scoring matrix with weightings given to the different criteria. The scoring is structured in such a way that it is easy to identify areas of weakness and strength. Consequently, strategies and plans addresses the company’s needs be developed in a more focused way. In terms of development the overall score is not that significant, rather it is the breakdown of the score that really brings added value to the company.

Applying the Excellence Model

The excellence model can be applied in a number of different ways. For those new to the process a self assessment approach based on a questionnaire can be adopted. The most detailed approach is the one adopted for the EFQM quality award, this is only open to members of the foundation. A company is required to produce a report highlighting how all aspect of their business fulfils the criteria outlined by the model. This report is then scored using the RADAR matrix by an evaluation team. The team will then undertaken a site visit to try and answer any points raised by their assessment of their report.

Advantages of the Excellence Model

· The model is flexible, it offers a non-prescriptive framework to the implementation of quality

· The model is based on self development and self assessment with only a limited external evaluation element

· The model is not audit based

· The normalised scores and use of standardised criteria allows benchmarking to take place.

Disadvantages of the Excellence Model

· The model is to focused on entering companies for the European Quality Award

· Only members of EFQM can receive some form of certification when applying the Excellence Model

· The model is not high profile and therefore does not necessarily offer the same marketing opportunities

· Although the model is non-prescriptive it is based upon a rigid structure that can prevent innovative thinking

Total Quality Management, Zero Defects, Error Free Performance

Total Quality Management

Total quality management is based upon the work of Crosby (1979) and the principle of zero defects. TQM stresses behaviours and values more that statistical techniques and practical tools. Use is made of multi-functional teams to solve problems. Teams are trained to use basic statistical tools to collect and analyse data. Flow charts or process maps are then used to visualise the flow of product or documents through a series of process steps. The predominant goal is to eliminate the non-value adding steps and to resolve quality problems in order to reduce the time needed to complete a process.

Zero defects 

Crosby stated that there is no subjective, aesthetic concept of good quality, rather quality is simply a conformance to requirements. Zero defects is the performance standard and quality is measurable by the cost of non-conformance. This concept is neither a technique nor a methodology, rather it embodied an attitude that Crosby sought to instil in every individual.

Error-free performance 

Zero defects focused on manufacturing quality. In the 1980s error free performance was developed to take into account the service sector, individual organisations make errors only the manufacturing worker makes defects. Error-free performance accepted the reality that perfect work all the time was not practical. The error-free concept focused instead on extending the time interval between error occurrences. Everyone is considered an error-free performer, but all individuals operate at different error-free intervals. Some operate at an error-free interval of eight hours, others at 80 hours, etc. Under the error-free concept, people strive to understand their average time interval between errors and set goals to improve those intervals.

Advantages of TQM

· The model involves the entire workforce

· The solutions are provided by those doing the work

· It offers a flexible approach 

Disadvantages of TQM

· TQM is not specifically quality management but process management

· TQM is a philosophical concept, with no generally accepted definition

· TQM identifies the causes of quality problems and eliminates them, however innovation and improvement are not a strong part of the process. 

· The development of teams is time consuming (lots of meetings) 

· Without clear structures the methodology is very reliant on champions and champions leave

· It can be costly with all the training of teams and the involvement of external consultants 

· TQM is based on studying past data, therefore the solutions developed are always based lagging indicators.

Six Sigma

Six sigma is a statistical measure of variability of any process or business performance target with a critical customer specification. The methodology has its roots in the work of Juran although was fully developed by Motorola when it was noted that there was a correlation between how often a product was repaired during manufacture and its life in the field. The sigma value is a measure of the number of defects or anything that results in customer dissatisfaction. Essentially it provides an indication of how well a process or business is performing, as the sigma value increases, cost and cycle time go down and customer satisfaction goes up. It is estimated that most companies operate on a level of around 4 sigma or approximately six thousand defects per million. A company that has attained 6 Sigma will have reduced defects to 3.4 per million or defect free performance. The common measurement index is defects per unit, where a unit can be anything from a component to an administrative form.

How is Six Sigma Implemented? 

The fundamental objective of Six Sigma is customer satisfaction through continuous improvement in quality. Some understanding of statistics is beneficial, but the real emphasis of the methodology is business management. A triangular structure is employed to deliver the methodology.

· Executive Leaders: At the apex of the triangle are the executive leaders, these provide the future strategic vision within which the methodology functions. They give approval for the focus of the approach, lease with the CEO or Chair of the Board, establish business targets. They are also responsible for  communications, deployment, company metrics, command and control functions and the recognition of individuals and teams. 

· Project Champions: Below the executive leaders in the triangle are the project champions. They take the company's vision, missions, goals, and metrics and translate them into individual unit tasks. Additionally, champions are tasked with removing any obstacles to the programme's success. Project champions are also involved in selecting projects and identifying Black and Green Belt Candidates. They set improvement targets, provide resources, and review the projects on a regular basis so that they can transfer knowledge gained throughout the organisation. 

· Master Black Belts: These are the technical leaders of Six Sigma. They serve as the instructors for both black and green belts and also provide ongoing coaching and support to project teams to assure the appropriate application of statistics. They are also responsible for metrics, enterprise maps, and training. In addition, they provide strategic and operational assistance to project champions and management in the formulation and deployment of the Six Sigma programme. 

· Black Belts: The delivery of Six Sigma is undertaken by black belts. They build teams and attack problems by managing projects. The work of the black belts is based upon the principles measure, analyse, improve, and control. 

· Green Belts: Provide internal team support to Black Belts. While they are not trained to the same depth of knowledge as Black Belts, they are able to assist in data collection, computer data input, analysis of data using the software, and preparation of reports for management.

Advantages of Six Sigma

· The methodology allows an organisation to develop a very customer focused approach to quality, so that all improvements are essentially made to benefit the customer. 

· The process is flexible

Disadvantages of Six Sigma

· Six Sigma is logistically complex with six different quality teams involved (green belt etc)

· Six Sigma can be slow and time consuming (getting different actors in place etc)

· Six Sigma can be expensive, training of all the different actors in the process

· The approaches to achieving six sigma are not clearly defined.

· Six Sigma is very much dependant on individuals, if a champion leaves the process may stall

· Six Sigma is generally seen as just a repackaging of existing techniques.

The Balanced Scorecard (BSC)
BSC is a management/measurement system that enables organisations to clarify their vision and strategy and translate them into actions. It provides feedback around both the internal business processes and external outcomes in order to continuously improve strategic performance and results. Essentially without measurement of performance improvement cannot be quantified, however the most obvious measures of performance, financial indicators such as profitability, are lagging indicators of success. The BSC methodology developed by Kaplan et al proves a more comprehensive way of measuring company performance by giving current and leading indicators as much emphasis as lagging indicators. The model: 

· Measures organisational, business unit or department success

· Balances long-term and short-term actions

· Balances different measures of success

· Financial or lagging Indicators 

· Customer satisfaction or  current Indicators (retention & growth)

· Internal operations or current indicators (efficiency, minimising quality problems etc)

· Human resource systems & development: or leading indicators (learning & growth)

· A way of linking strategy, measures and action

How is BSC implemented? 

Initially, senior management begin the process of forming or refining a common vision and strategy, developing strategic performance measures  and creating a plan for change. A core team is the formed to implement the plan measuring organisational performance, pinpointing and prioritising gaps. Once gaps have been identified, solutions can be proposed and corrective actions can be implemented. From this point onwards it is matter of tracking results, building baselines, and benchmarking against best in class.

Advantages of BSC

· BSC helps companies identify the actions required to deliver key results

· BSC limits the number of key measures of success

· BSC can strengthens team work and communication

· BSC offers a very effective way of identifying key performance indicators

· BSC compliments other tools such as the excellence model

· BSC is an effective way of identifying strategic vision and goals

Disadvantages of BSC

· BSC can be static

· BSC focuses on the wishes of senior management

· Other model can delivery more effective process improvement 
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