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         Module 8:
            Quality, Technology, and Continuous Improvement

         
         
         
         
            
            
            
            
            Module 8 includes
               the following sections.

            
            
            
            
               
               
               	
                  
                  
                  Section A, “Quality,”
                     goes over specific methods for measuring and controlling quality.
                     It addresses the manager’s role in quality, measuring quality costs,
                     and quality tools.

                  
                  

               
               
               
               	
                  
                  
                  Section
                     B, “Technology,” addresses existing and emerging technologies that
                     can be used to support organizational strategies and goals. It covers
                     the selection process, including requirements and gap analysis.
                     It also looks at technology implementation and maintenance.

                  
                  

               
               
               
               	
                  
                  
                  Section
                     C, “Continuous Improvement,” goes over lean improvement concepts
                     such as waste reduction; lean improvement tools such as leveling
                     workload, employee empowerment, relationship improvement, root cause
                     analysis, and problem solving; and process improvement tools such
                     as value stream mapping, work area design, and reduction of process
                     variation.

                  
                  

               
               

            
            
            
            After you finish these
               materials, you may wish to look at the course review in the online
               materials to help you with your studies.

            
            

         
         
         
         
   
      
         
         
         
         Section A: Quality

         
         
         
         
            
            
            
            
            
               After completing this section,
                  students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Define and state the
                     core concepts of quality and total quality management

                  
                  

               
               
               
               	
                  
                  
                  Understand
                     how Juran’s trilogy of quality planning, control, and improvement creates
                     a framework for quality initiatives

                  
                  

               
               
               
               	
                  
                  
                  Describe
                     management’s role in implementing quality initiatives within an organization

                  
                  

               
               
               
               	
                  
                  
                  Describe
                     the costs associated with poor quality

                  
                  

               
               
               
               	
                  
                  
                  Explain
                     the purpose of appraisal and prevention costs in reducing failures

                  
                  

               
               
               
               	
                  
                  
                  List
                     types of internal and external failure costs associated with design specifications

                  
                  

               
               
               
               	
                  
                  
                  Describe
                     each of the following quality tools and its appropriate use: cause-and-effect
                     diagram, check sheet, flowchart, histogram, Pareto chart, control chart,
                     scatter diagram, affinity diagram, tree diagram, matrix diagram,
                     process decision program chart, relationship diagram, matrix data
                     analysis chart, and activity network diagram.

                  
                  

               
               

            
            
            
            This section covers
               how management can influence quality, how to measure the costs of
               quality, and quality tools.

            
            

         
         
         
         
   
      
         
         
         
         Topic 1: Quality
            Planning and Assurance/Control

         
         
         
         
            
            
            Here we start by showing
               how quality can create a competitive advantage for an organization
               by the use of total quality management and Juran’s trilogy of quality planning,
               quality control, and quality improvement. This includes a review
               of the role of quality planning in preventing defects and the role
               of quality assurance or control in the reduction of product defects.
               Then we discuss management roles in the areas of quality planning,
               control, and improvement. We also cover management actions that can
               help build and maintain a quality culture at an organization.

            
            

         
         
         
         
         
            
            
            Total Quality Management

            
            
            
            
            
               
               
               
               
               The ASCM Supply Chain Dictionary defines total quality management (TQM) as follows:

               
               
               
               
                  
                  A
                     term coined to describe Japanese-style management approaches to
                     quality improvement. Since then, TQM has taken on many meanings.
                     Simply put, TQM is a management approach to long-term success through
                     customer satisfaction. TQM is based on the participation of all
                     members of an organization in improving processes, goods, services,
                     and the culture in which they work. The methods for implementing
                     this approach are found in teachings of such quality leaders as
                     Philip B. Crosby, W. Edwards Deming, Armand V. Feigenbaum, Kaoru
                     Ishikawa, J.M. Juran, and Genichi Taguchi.

                  

               
               
               
               The Dictionary defines quality as follows:

               
               
               
               
                  
                  Conformance to requirements or fitness for use. Quality
                     can be defined through five principal approaches: (1) Transcendent
                     quality is an ideal and a condition of excellence. (2) Product-based
                     quality is based on a product attribute. (3) User-based quality is
                     fitness for use. (4) Manufacturing-based quality is conformance to
                     requirements. (5) Value-based quality is the degree of excellence at
                     an acceptable price. Also, quality has two major components: (1)
                     quality of conformance, which is quality defined by the absence of
                     defects, and (2) quality of design, which is quality measured by the
                     degree of customer satisfaction with a product’s characteristics and
                     features.

                  

               
               
               
               First and foremost,
                  quality is defined by customer requirements and perceptions. Customer
                  requirements are shaped primarily by quality of design, and this
                  captures fitness for use, meaning that the product needs to solve
                  a customer’s actual needs. Conformance to requirements is the responsibility
                  of manufacturing organizations, and it is within their sphere of
                  control. (Marketing usually determines requirements, and operations
                  implements them.) Customer perceptions are not entirely controllable by
                  manufacturing, since they are based on relative assessments of what
                  can be obtained from competitors at a similar price. Perceptions
                  are also based on quality of conformance, however, such as any past
                  service failures customers have experienced, like receiving defective
                  units, and manufacturing can control this. (Operations, distribution,
                  and customer service each play a role.)

               
               
               
               Let’s briefly review
                  the principal approaches to quality from the definition:

               
               
               
               
                  
                  
                  	
                     
                     
                     Transcendent quality. This
                        is what most people think of when asked to define quality, but it
                        is actually very difficult to define precisely and involves opinions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Product-based quality. This
                        relates to the grade of the product, for example, a low-cost item
                        or a luxury version with many features. The design should fit the targeted
                        customer segment and organizational strategy for sales volumes.
                        Even low-grade items can be high quality by the other definitions.

                     
                     

                  
                  
                  
                  	
                     
                     
                     User-based quality. This is
                        the user’s expectations of how a product should perform, its features,
                        its aesthetics, its conformance to specifications, and its services
                        (e.g., speed, consistency, availability, and competence of services).
                        It will also be based on other elements, such as warranty, price,
                        and perceived quality. From a performance perspective, this includes
                        the following subsets:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Reliability. This is performance
                              consistency and how long the unit lasts.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Durability. This is resistance
                              to wear and tear.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Maintainability. This is the
                              ability to repair the unit if it fails.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Manufacturing-based quality. This
                        is conformance to requirements and quality of conformance and is
                        a manufacturing responsibility.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Value-based quality. This is
                        value for the money and is relative to the competition and perceptions.
                        Perceptions can be influenced by marketing and branding.

                     
                     

                  
                  

               
               
               
               Exhibit 8-1 shows
                  the product development cycle, which is a cyclical process used
                  to capture customer requirements and ensure that they are incorporated
                  into new products and product improvements. The exhibit shows how
                  quality needs to be added between each phase of the cycle so it
                  can continue to reflect customers’ evolving requirements and perceptions.

               
               
               
               
                  Exhibit 8-1: Product Development Cycle with Quality at Each Step[image: ../images/CPIMgraphic1j-t04-02.png]
               
               
               
               
               Next we address key objectives and core
                  concepts of TQM.

               
               
               
               
                  
                  Objectives of TQM

                  
                  
                  
                  The primary objective
                     of total quality management is to ensure the organization’s long-term
                     success through customer satisfaction. As it applies to the products
                     and services provided to the customer, this objective can be translated
                     as meeting all required product and service specifications.

                  
                  
                  
                  A product that is
                     “made to specifications” indicates only that the specification is within
                     the upper and lower limits of what the organization has determined
                     to be acceptable. Some specifications may be quite near these outside
                     limits. When it comes to products being sent to industrial customers
                     that need to integrate with other components, several components
                     that are all within specifications but off in different directions
                     could cause problems with final assembly. Therefore, another objective
                     of TQM is to ensure that variation is minimized to the degree possible
                     (tall and narrow bell curves) given the nature of the process, the
                     costs involved in increasing precision, and the needs of the customer
                     for precision.

                  
                  
               
               
               
               
                  
                  Core Concepts of TQM

                  
                  
                  
                  TQM relies on certain
                     core concepts, many of which will be familiar. This includes management
                     commitment, making quality part of the organizational culture, ensuring that
                     all employees are involved and are empowered to implement quality
                     initiatives and continuous improvement, and partnering with suppliers
                     to provide quality at the source. The role of management as champions,
                     TQM’s reliance on performance measurement, employee involvement
                     and empowerment, and focus on the customer are discussed more next.

                  
                  
                  
                  
                     
                     
                     
                        Management
                           Champions
                        

                     
                     
                     
                     Management
                        needs to make an absolute commitment to TQM if it is to have a chance to
                        succeed. Management must champion the effort and develop organizational strategy,
                        mission statements, and vision statements in ways that inspire a
                        sustained effort toward desired levels of quality. TQM needs to
                        become part of the organizational culture. Cultures are very difficult
                        to change and will revert to old ways if change management is not
                        carefully planned and sustained.

                     
                     
                     
                     Management also needs to fund investments
                        in prevention. Since these initiatives often do not show results
                        in terms of reduced costs or increased market share for long periods
                        of time, owners or investors could question the expense. Management
                        must also ensure that quality becomes part of people’s daily routines,
                        for example, by checking in on quality initiatives during a regular
                        meeting.

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        Performance Measurement
                        

                     
                     
                     
                     
                     Since TQM is an
                        evidence-based system, it relies heavily on performance measurement.
                        Quality function deployment and the many quality tools discussed elsewhere
                        can be used to measure performance. Note, however, that some of
                        the most important costs of poor quality are difficult to measure,
                        most notably the cost of lost customers. Customer levels and market
                        share increase and decrease for many reasons. Estimates need to
                        be made of how much of the change in customer loyalty and customer
                        satisfaction can be attributed to quality versus investments in marketing,
                        changing tastes, environmental factors, and so on.

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        
                        
                        Involvement
                           and Empowerment
                        

                     
                     
                     
                     
                     
                     TQM is everyone’s responsibility, and this
                        means that everyone needs to commit not only to doing their jobs
                        well but also to improving their jobs. This might include cross-training
                        employees to perform other jobs, training on quality tools, or teaching general
                        problem-solving and root cause analysis skills. It may involve developing quality
                        teams or cells that can directly work with suppliers or internal
                        or external customers to learn about their requirements and perceptions.
                        It also requires giving employees a sense of ownership over the
                        quality of processes under their control.

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        Focus on the Customer
                        

                     
                     
                     
                     
                     
                     Successful
                        implementation of quality standards requires the involvement of
                        all levels of employees within an organization, from senior management
                        to line and support staff. Quality initiatives are executed by individuals
                        who are self-motivated to improve the processes and products for
                        their customers and by key cross-functional employee teams devoted
                        to quality improvement. A key way to promote a quality mindset is
                        to think of internal customers as valued customers themselves. (The Dictionary defines an internal customer as “the recipient
                        [person or department] of another person’s or department’s output
                        [good, service, or information] within an organization.”) In this way,
                        the chain of value is extended to all activities within an organization.

                     
                     
                     
                     A customer by this
                        definition is simply someone who uses your outputs as inputs to their
                        own processes. Thus internal customers might include the next work
                        center or other functional area, such as finance or shipping and
                        receiving.

                     
                     
                     
                     External
                        customers include not only the ultimate customer but also intermediate customers,
                        such as distribution centers.

                     
                     
                     
                     Getting to know these customers helps employees
                        learn about and identify with their needs. Customer needs include
                        the following:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Quality

                           
                           

                        
                        
                        
                        	
                           
                           
                           Flexibility
                              (agility), meaning the ability to be flexible in quantity, delivery,
                              capacity, or specifications as well as adaptable to changing requirements
                              and environments

                           
                           

                        
                        
                        
                        	
                           
                           
                           Dependability
                              (resilience)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Service

                           
                           

                        
                        
                        
                        	
                           
                           
                           Speed
                              (lead time)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Stability
                              (meaning low variability in specifications or performance measures)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Cost

                           
                           

                        
                        

                     
                     
                     
                     Obviously, customers
                        desire high quality, flexibility, dependability, service, speed,
                        and stability with short lead times and low cost, but the combination
                        that the customer finds acceptable depends on perceptions of value
                        (excellence for the cost) relative to what the competition is offering.
                        Over time, customers tend to expect improvements in each of these
                        areas. Only following a rigorous quality methodology or other continuous
                        improvement philosophy can simultaneously improve most or all of
                        these things (i.e., minimize tradeoffs).

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        
                        Making Quality
                           a Source of Competitive Advantage
                        

                     
                     
                     
                     
                     
                     High levels of quality
                        are essential to achieve an organization’s business objectives. Quality
                        can be source of competitive advantage. It is not an added value;
                        it is an essential requirement. Quality not only relates to the
                        end products and services an organization provides but also to the
                        way the organization’s workers do their jobs and the processes they
                        use. Customer-facing job positions in particular need to be performed
                        with high quality. Employees constitute the most important resource
                        for improving quality. Work processes should be as efficient as
                        possible while conforming to quality requirements and steps.

                     
                     
                     
                     Quality is so foundational
                        that in the sand cone theory, proposed by Meyer and Ferdows and
                        referenced in Operations Strategy,
                        quality forms the foundation upon which all other operational priorities
                        are built, then adding dependability, speed, flexibility, and finally
                        cost. Imagine making a stable pile of sand in the shape of a cone, with
                        each new layer expanding the base, as shown in Exhibit 8-2.
                        Each layer represents resources invested and management effort as
                        a cumulative rather than sequential process. To achieve sustainable
                        cost reduction, the prior layers all need to be built up and leveraged.

                     
                     
                     
                     
                        Exhibit 8-2: Sand Cone Theory[image: ../images/CPIMgraphic2-1g-t05-18.png]
                     
                     
                     
                  
               
               

            
            
         
         
         
         
            
            
            Juran’s Trilogy

            
            
            
            
            
               
               
               
               
               Successful
                  implementation of quality initiatives requires the application of
                  Juran’s trilogy. The ASCM Supply
                     Chain Dictionary defines Juran’s trilogy, or the quality trilogy, as follows:

               
               
               
               
                  
                  A three-pronged
                     approach to managing quality proposed by Joseph Juran. The three legs
                     are quality planning (developing the products and processes required
                     to meet customer needs), quality control (meeting product and process
                     goals), and quality improvement (achieving unprecedented levels
                     of performance).

                  

               
               
               
               Many organizations use the Juran trilogy
                  as a framework upon which to build their quality initiatives. It
                  is an improvement cycle that reduces intangible costs by planning
                  quality into the process/product as opposed to it being an afterthought.
                  The Dictionary defines intangible costs as “those costs
                  that are difficult to quantify, such as the cost of poor quality
                  or of high employee turnover.”

               
               
               
               Before getting into who
                  needs to be involved in quality planning, it’s important to understand
                  what happens in each of the processes in the Juran trilogy.

               
               
               
               
                  
                  
                  	
                     
                     
                     Quality planning. Quality planning
                        should be completed with a multidisciplinary team, with all key
                        stakeholders represented.

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Define
                              your customers.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Determine
                              their needs (the voice of the customer).

                           
                           

                        
                        
                        
                        	
                           
                           
                           Define
                              requirements for and develop your product, process, service, or
                              system.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Quality control. Quality control
                        is looking for ways to improve the plans that are already in place
                        and control the quality of results. Tools that can be used in this phase
                        are Pareto analysis, flow diagrams, cause-and-effect diagrams, and
                        control charts.

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Determine what needs
                              to be measured.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Set
                              a performance goal.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Gather
                              feedback by measuring actual performance.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Take
                              action on the gap between your performance and your goal.

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Quality improvement. There
                        are different strategies for improvement that could be applied during
                        this phase:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Repair: Reactive; fix
                              what’s broken.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Refinement:
                              Proactive; continually improve a process that isn’t broken (like
                              the continual pursuit of perfection in lean) in small, incremental
                              steps.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Renovation:
                              Improvement through innovation or technological advancement.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Reinvention/reengineering:
                              Start over with a new beginning or make large breakthrough process
                              improvements to achieve enterprise quality leadership (the most
                              demanding approach).

                           
                           

                        
                        

                     
                     

                  
                  

               
               
               
               Next we discuss quality
                  planning and quality assurance/control in more detail. After that
                  we discuss the need for proactive management in all three areas
                  of the trilogy.

               
               
               
               
                  
                  Quality Planning

                  
                  
                  
                  
                  
                  
                  Quality planning begins
                     at the top with the vision for the organization, along with policies,
                     goals, and plans to attain that vision. All this must be built off
                     of the organization’s strategic plan.

                  
                  
                  
                  Quality planning is a concurrent exercise that
                     involves all the parties related to the product and services so
                     they can provide inputs and give early warning during the planning
                     processes. It is a team effort that should involve executives, managers,
                     and workers if they are to succeed. The lean term for this, which
                     is a bit broader than just quality planning but includes it, is hoshin planning, which the Dictionary defines as follows:

                  
                  
                  
                  
                     
                     Breakthrough
                        planning. This Japanese strategic planning process prompts a company
                        develops up to four vision statements that indicate where the company should
                        be in the next five years. Company goals and work plans are developed
                        based on the vision statements. Periodic audits are then conducted
                        to monitor progress.

                     

                  
                  
                  
                  Planning
                     quality concurrently with production planning optimizes the three objectives
                     of manufacturing: minimizing inventory costs, maximizing production efficiency,
                     and achieving customer service goals.

                  
                  
                  
                  The key planning considerations that need
                     to be addressed by all levels of the organization in the quality
                     planning cycle are illustrated in Exhibit 8-3.

                  
                  
                  
                  
                     Exhibit 8-3: Quality Planning Cycle[image: ../images/CPIMgraphic2-4c-t01-01.png]
                  
                  
                  
                  
                  These
                     considerations include the following.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Product
                              definition. Quality begins by determining the market for the
                           product, the product’s performance level, the tangible and intangible
                           characteristics that customers will find to be of value, the price
                           point, and an estimate of sales volume. Inputs from the voice of
                           the customer are valuable to this process.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product design. Design quality
                           includes creating product specifications and performance requirements,
                           materials, dimensions, and tolerances. This includes quality function
                           deployment (QFD), a methodology for ensuring that all major requirements
                           of the customer are identified and met or exceeded through the product
                           design process and the design and operation of the production management
                           system. It compares the organization’s products to those of competitors
                           to identify design weaknesses. It also includes robust design, defined in the Dictionary as a “type of design
                           for a product or service that plans for intended performance even
                           in the face of a harsh environment.”

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product manufacturing. Quality
                           during manufacturing requires the manufacturer’s capability to make
                           products to the specifications of the product design. The product
                           must be within the tolerances prescribed in the design stage, and
                           packaging must meet specifications and logistics needs.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product consumption. Customer
                           satisfaction through value to the customer is the ultimate objective
                           of quality management. Customer satisfaction is related to a product’s
                           fitness for use and is a validation of the first three stages of
                           the cycle. Fitness for use is
                           defined in the Dictionary as
                           “a term used to indicate that a good or service fits the customer’s
                           defined purpose for that good or service.” The product must meet
                           customer expectations in terms of

                        
                        
                        
                        
                           
                           
                           	
                              
                              
                              Performance—the
                                 primary characteristic, such as the power of an engine; subcharacteristics
                                 include reliability, durability, and maintainability

                              
                              

                           
                           
                           
                           	
                              
                              
                              Features—the
                                 secondary characteristics that are important, such as the fuel efficiency
                                 of the engine

                              
                              

                           
                           
                           
                           	
                              
                              
                              Conformance—the
                                 product’s compliance with established standards or specifications,
                                 such as government regulations on engine emissions

                              
                              

                           
                           
                           
                           	
                              
                              
                              Warranty—the
                                 manufacturer’s binding promise to back up its products with a guarantee
                                 of customer satisfaction related to absence of product defects.

                              
                              

                           
                           

                        
                        

                     
                     

                  
                  
                  
                  The key to quality planning
                     is the adoption of its principles by all levels of the organization,
                     up and down, who then use it to identify and investigate quality problems
                     in their process. During quality planning, it is important for all
                     involved to understand the nature of quality problems.

                  
                  
               
               
               
               
                  
                  Quality Assurance/Control

                  
                  
                  
                  
                  
                  The Dictionary defines quality assurance/control as
                     follows:

                  
                  
                  
                  
                     
                     Two terms that have many interpretations
                        because of the multiple definitions for the words assurance and
                        control. For example, assurance can mean the act of giving confidence,
                        the state of being certain, or the act of making certain. Control
                        can mean an evaluation to indicate needed corrective responses,
                        the act of guiding, or the state of a process in which the variability
                        is attributable to a constant system of chance causes.

                     
                     One definition of
                        quality assurance is all the planned and systematic activities implemented
                        within the quality system that can be demonstrated to provide confidence
                        that a good or service will fulfill requirements for quality. One
                        definition for quality control is the operational techniques and
                        activities used to fulfill requirements for quality. Often, however,
                        quality assurance and quality control are used interchangeably,
                        referring to the actions performed to ensure the quality of a good,
                        service, or process.

                     

                  
                  
                  
                  The
                     definition makes one common distinction between quality assurance
                     and control. Assurance looks at the process itself to ensure that
                     it is capable of providing quality, while control checks the output
                     to ensure that the process is being applied correctly. However,
                     as the definition states, this is not a universally accepted distinction.
                     Both look at performance and goals and take action on the difference,
                     so the primary purposes of both are to establish and maintain quality.

                  
                  
                  
                  Quality assurance
                     or control (hereafter called just quality control) form another dimension
                     of the control of operations. Quality control tasks run parallel
                     to manufacturing planning and control. Quality control processes
                     serve several purposes, including

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Meeting
                           standards consistently

                        
                        

                     
                     
                     
                     	
                        
                        
                        Maintaining
                           the gains from improvement projects

                        
                        

                     
                     
                     
                     	
                        
                        
                        Promoting
                           analysis of process variation and the use of data to identify further improvement
                           opportunities

                        
                        

                     
                     
                     
                     	
                        
                        
                        Enabling
                           quality improvement team members to clarify their responsibilities
                           and achieve a state of self-control

                        
                        

                     
                     
                     
                     	
                        
                        
                        Validating
                           that process outputs such as products or services conform to quality requirements.

                        
                        

                     
                     

                  
                  
                  
                  Quality control uses a feedback loop.
                     Control can be managed through automated feedback loops or manual
                     loops that rely on worker self-control. An example of an automated
                     feedback loop is a product (e.g., industrial equipment) that has
                     a sensor for a particular feature. When the feature does not perform
                     as expected, the sensor sends an error message to the operator and
                     to the manufacturer. The error data from multiple products is used
                     to track trends and improve conformance for future models. This
                     facilitates internal design improvements.

                  
                  
               
               
               
               
                  
                  Management’s Role in Juran’s Trilogy

                  
                  
                  
                  
                  
                  
                  The
                     role of leadership in quality management forms the backbone of a
                     quality system. Leadership provides a unity of purpose and establishes
                     the direction of the organization. Leadership sets and maintains
                     the tone for quality in the internal environment. In an environment
                     that values quality, employees are able to become completely involved
                     in achieving the organization’s quality goals. Good leadership is essential
                     in order to improve quality across the organization.

                  
                  
                  
                  Exhibit 8-4 details
                     the role each level of the organization plays in managing quality. Management
                     in the organization is involved in the following ways:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Senior leadership is most heavily involved
                           in quality planning.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Middle
                           management is most involved in quality control activities.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Team
                           leaders and employees are most involved in quality improvement.

                        
                        

                     
                     

                  
                  
                  
                  
                     
                     
                     

                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 8-4: Managing for Quality
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Quality Planning

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Quality Control

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Quality Improvement

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Executed by senior leadership

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Executed by middle management

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Executed by team leaders and employees

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Example of quality planning for new product
                                       introductions:

                                    
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Determine goals.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Identify
                                             customers.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Determine
                                             customer needs.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Build
                                             features that meet customers’ needs.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Develop
                                             processes that enable production.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Determine
                                             process controls.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Transition
                                             the plans to the operational team.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Example of monitoring and controlling of
                                       process controls:

                                    
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Select
                                             the control subjects.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Measure
                                             actual performance.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Compare
                                             actual performance against the targets/goals.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Act
                                             on the difference(s).

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Example of a project portfolio improvement
                                       process:

                                    
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Present and prove
                                             the need with a business case.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Build
                                             the project infrastructure.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Specify
                                             and prioritize improvement projects in a portfolio.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Initiate
                                             individual projects and select project teams.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Ensure
                                             that teams have the resources, training, and motivation to diagnose
                                             causes and determine remedies.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Implement
                                             process controls that will maintain the gains.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  Juran’s
                     trilogy of quality planning, quality control, and quality improvements
                     mirrors the plan-do-check-action (PDCA) methodology, which ensures
                     that feedback is incorporated and that the end of one cycle becomes
                     the beginning of the next. It can also be expressed as total quality control (TQC), defined in the Dictionary as “the process
                     of creating and producing the total composite good and service characteristics (by
                     marketing, engineering, manufacturing, purchasing, etc.) through
                     which the good and service will meet the expectations of customers.”

                  
                  
                  
                  The benefits of management
                     taking a comprehensive approach to managing quality include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Strengthened competitive position

                        
                        

                     
                     
                     
                     	
                        
                        
                        Elimination
                           of defects and waste

                        
                        

                     
                     
                     
                     	
                        
                        
                        Higher
                           productivity

                        
                        

                     
                     
                     
                     	
                        
                        
                        Adaptability
                           to change

                        
                        

                     
                     
                     
                     	
                        
                        
                        Improved
                           customer focus and satisfaction

                        
                        

                     
                     
                     
                     	
                        
                        
                        Improved
                           employee morale

                        
                        

                     
                     
                     
                     	
                        
                        
                        Improved
                           and innovative processes.

                        
                        

                     
                     

                  
                  
               
               

            
            
         
         
         
         
            
            
            Management Actions to Demonstrate
               Leadership

            
            
            
            
            
               
               
               
               
               A strong management commitment to leadership
                  is important, but even more important is the evidence of leadership
                  in quality by upper management. The objective is to gain strong
                  employee support for quality.

               
               
               
               
                  
                  Create
                     a Quality Vision

                  
                  
                  
                  
                  Creating
                     a compelling vision of what quality looks like for the organization
                     is a difficult challenge for managers. In this complex and ever-changing
                     world, the problems of organizations are becoming increasingly complex.
                     This complexity explains why many managers are more comfortable
                     focusing on clear, short-term goals than on an uncertain, long-term
                     vision.

                  
                  
                  
                  Failing to
                     anticipate future quality-level expectations could risk losing business
                     to competitors who anticipate these needs and are able to fulfill
                     them. Managers must consider both present and future quality expectations
                     and then present a vision of what a successful quality strategy
                     looks like. This can be in terms of problems avoided such as less
                     rework or scrap as well as more-satisfied and loyal customers. Managers then
                     need to champion the implementation of these quality strategies.

                  
                  
               
               
               
               
                  
                  Build
                     a Quality Culture

                  
                  
                  
                  
                  Establishing a companywide understanding of
                     the importance of quality and making it a cornerstone of the company
                     culture is a critical step in aligning the organization to a shared
                     vision of the future. Changing a culture is challenging and usually
                     unsuccessful unless a comprehensive approach is taken to build support
                     for and sustain the change.

                  
                  
                  
                  Management’s
                     role is to work to build a culture where quality and prevention
                     are the norms, systems thinking is encouraged, and employees are
                     empowered to look for better ways to do their jobs. Management ensures
                     that people and teams get the resources they need to make changes
                     and evaluate their impact over time. There are several critical
                     success factors to creating a culture of quality:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Transparency and listening

                        
                        

                     
                     
                     
                     	
                        
                        
                        Empowerment
                           and teamwork

                        
                        

                     
                     
                     
                     	
                        
                        
                        Clear
                           identification and sharing of the organization’s goals

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ensuring
                           that there are effective, consistent processes in place

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Champion
                     Various Types of Change

                  
                  
                  
                  
                  
                  Change can occur in an organization at any time.
                     Major improvements or changes are often called breakthroughs, and
                     these are usually the result of a specific initiative or improvement
                     project with its own budget and time line. Breakthroughs are expensive and
                     disruptive to existing work processes. They frequently involve changes
                     in products/services or process technologies. An example of a breakthrough improvement
                     would be an organization switching to a different manufacturing environment
                     or reexamining its core products or business or the services it
                     offers.

                  
                  
                  
                  Continuous
                     improvement is the other category of change. Continuous improvement
                     is less disruptive to ongoing operations and involves small, incremental
                     steps to make a process more efficient or effective. An example
                     of continuous improvement would be reducing the number of steps
                     for setup of a machine to decrease the changeover time.

                  
                  
               
               
               
               
                  
                  Model
                     Leadership

                  
                  
                  
                  
                  Even when management has the best of intentions,
                     there may be gaps between what they say (e.g., have high quality)
                     and what they do (e.g., get it done fast). If so, employees get
                     mixed messages about whether quality is truly important. Therefore,
                     it is important for management to consciously model quality and
                     serve as change agents who promote the quality efforts up and down
                     the organization structure.

                  
                  
               
               
               
               
                  
                  Recruit
                     the Right People

                  
                  
                  
                  
                  One of
                     the keys to achieving success in a quality program is hiring employees
                     who share your vision. It is easier to implement a quality program
                     if you have the right people on the team. Management should encourage
                     human resources or others who have recruiting responsibilities to
                     use hiring and selection criteria that align with the organization’s
                     vision of quality. When an organization has clear and measurable selection
                     criteria, this will help it avoid bias. Interviewers will be able
                     to objectively evaluate a candidate’s fit for the position and the
                     quality culture.

                  
                  
               
               
               
               
                  
                  Promote
                     Empowerment

                  
                  
                  
                  
                  Management
                     should encourage and reinforce employee empowerment. When thinking
                     about empowerment in human relations terms, try to avoid seeing
                     it as something that one individual does for another. This is one
                     of the problems organizations have experienced with the concept
                     of empowerment. People think that someone, usually the manager,
                     has to bestow empowerment on the people who report to him. Consequently,
                     the reporting employees wait for the bestowing of empowerment, and
                     the manager asks why people won’t act in empowered ways. This bestowing
                     and waiting has led to mixed feelings about empowerment in many organizations.

                  
                  
                  
                  Think of empowerment
                     instead as something to build into a job description, such as “Takes
                     initiative to correct minor quality issues without needing to be
                     told to do so.” The employee knows what he or she is and is not
                     empowered to do. The individual can and should take initiative in
                     the allowed areas of empowerment. Empowerment in this sense comes
                     from the individual.

                  
                  
                  
                  The
                     organization has the responsibility to create a work environment
                     that helps foster the ability and desire of employees to act in
                     empowered ways. A concerted effort will be needed to change a culture
                     that is more of the command-and-control variety and in which people
                     wait to be told what to do. This will require changing not only
                     employee mindsets but also manager mindsets. The manager has to
                     see himself or herself more as a coach. The workers need to feel
                     that if they act in the authorized areas on their own authority,
                     they will not be penalized for doing so. The processes of recruitment and
                     employee development can also be used to ensure that the level of
                     empowerment that is allowed and expected is a good fit for the individual.

                  
                  
               
               
               
               
                  
                  Serve
                     as Change Agents

                  
                  
                  
                  
                  Managers can
                     serve as change agents, empowering the workforce toward improved performance
                     using the following tactics:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Lead
                           from the front. Leaders should exhibit visible participation in
                           the quality effort.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Establish
                           and communicate a clear vision for quality. Leaders should establish
                           a clear, concise vision and communicate it across all levels of
                           the organization.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Set
                           goals to meet the vision. Leaders should break down the vision into
                           strategic goals and projects that will drive the vision forward.
                           They monitor progress toward these goals and correct course as needed.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Provide
                           resources and training to achieve the vision. Leaders look for creative ways
                           to provide resources to support beneficial change, such as employee empowerment,
                           employee cross-training, and temporary staffing.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Create
                           effective structures for change. Leaders should establish deployment structures
                           for their vision that permeate all levels of the organization.

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Enlist
                     Middle Management

                  
                  
                  
                  
                  Although executive or management buy-in
                     may dictate whether or not a quality management program exists at
                     all, middle managers’ attitudes toward quality strongly impact the
                     success of those programs. The middle management group includes
                     supervisors and specialists. These persons work directly with the
                     workforce.

                  
                  
                  
                  Increasingly,
                     the middle management group is being asked to assume responsibilities outside
                     their normal departments or functional areas. They may be given
                     the opportunity to serve on or lead cross-functional quality improvement
                     teams.

                  
                  
                  
                  For many managers
                     who are used to working in a hierarchical departmental structure,
                     the transition to a cross-functional team leader can be a challenge. Technical
                     competence is important, but research shows that people skills are
                     vital.

                  
                  
                  
                  How managers
                     treat and interact with employees on a daily basis makes a significant difference.
                     Stating that quality should be a priority in your department may
                     not hold much weight if your management style does not align with
                     that concept. Middle management needs to visibly demonstrate their
                     commitment on the shop floor. They should be modeling quality principles,
                     following standard operating procedures, openly discussing the impacts
                     decisions will have on quality, wearing required PPE (personal protective
                     equipment), and so on. They should be providing employees with good
                     feedback that includes

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Being
                           able to review the feedback while in motion—at a glance

                        
                        

                     
                     
                     
                     	
                        
                        
                        Dealing
                           with only the important defects

                        
                        

                     
                     
                     
                     	
                        
                        
                        Dealing
                           with only defects they can control

                        
                        

                     
                     
                     
                     	
                        
                        
                        Providing
                           prompt information regarding symptoms and causes

                        
                        

                     
                     
                     
                     	
                        
                        
                        Providing
                           enough information to guide corrective action.

                        
                        

                     
                     

                  
                  
                  
                  A management approach
                     that works well and keeps the manager on the shop floor is management by walking around (MBWA), defined in the Dictionary as “the management
                     technique of managers touring a facility on a regular basis to talk
                     with workers and staff about problems, trends, and potential solutions.”

                  
                  
               
               

            
            
         
         
   
      
         
         
         
         Topic 2: Measuring
            Quality Costs

         
         
         
         
            
            
            Fundamental to understanding
               how to manage quality costs is understanding the types of costs
               that can occur and when they occur. After introducing quality costs,
               this topic discusses the need to take a comprehensive approach to
               quality. The topic also looks at how problems can be sporadic or
               chronic, how to select the best tools to control quality, and how
               to optimize costs related to conformance and quality.

            
            

         
         
         
         
         
            
            
            Cost of Poor Quality

            
            
            
            
            
               
               
               
               
               Achieving
                  high levels of quality requires a significant investment of time
                  and money. However, the proponents of total quality management (TQM)
                  would argue that not investing in quality is the more-expensive
                  option in the long term. This is because poor quality has numerous
                  costs. The ASCM Supply Chain Dictionary defines
                  the cost of poor quality, also called the cost of quality, and a
                  synonym, quality costs, in part as follows:

               
               
               
               
                  
                  Cost of poor quality: The costs associated with
                     performing a task incorrectly and/or generating unacceptable output.
                     These costs would include the costs of nonconformities, inefficient
                     processes, and lost opportunities.

                  
                  Quality costs: The overall costs associated
                     with prevention activities and the improvement of quality throughout
                     the firm before, during, and after production of a product.

                  

               
               
               
               The cost of poor quality
                  plus the cost of quality planning, control, and improvement activities
                  is the cost of quality, or quality cost. Let’s look more at each
                  of these categories next.

               
               
               
               
                  
                  Costs
                     of Poor Quality (Costs of Failure)

                  
                  
                  
                  
                  
                  
                  
                  
                  The costs of failure
                     can be internal or external. The Dictionary defines
                     these as follows:

                  
                  
                  
                  
                     
                     External failure costs: The costs related to problems
                        found after the product reaches the customer. This usually includes
                        such costs as warranty and returns.

                     
                     Internal
                           failure costs: The cost
                        of things that go wrong before the product reaches the customer.
                        Internal failure costs usually include rework, scrap, downgrades, reinspection,
                        retesting, and process losses.

                     

                  
                  
                  
                  External failure costs are the most significant
                     and expensive failures, because they can impact customer perceptions
                     and loyalty. These costs include warranty costs, reverse supply
                     chain costs, product recall costs, lost customers, and field service
                     costs. The Dictionary defines field service as follows:

                  
                  
                  
                  
                     
                     The
                        functions of installing and maintaining a product for a customer
                        after the sale or during the lease. Field service may also include
                        training and implementation assistance.

                     

                  
                  
                  
                  Ranking second in
                     significance are internal failure costs. Internal failure costs
                     include scrap and spoilage; these problems occur while the goods
                     are still in production or in storage. These costs are also quite
                     expensive because they require rework or replacement and can impact
                     customers directly in terms of longer lead times or incomplete quantities
                     being shipped. Juran also considers the cost of inefficient processes
                     to be part of internal failure costs. In an organization with little
                     investment in prevention, failure costs might make up 80 percent
                     or more of the total costs of poor quality.

                  
                  
                  
                  Poor quality can include both sporadic
                     and chronic problems. A sporadic problem is a sudden, adverse change
                     that requires remedy through restoring the status quo, such as unclogging
                     a chemical supply tube in production equipment. Sporadic problems
                     are dramatic and must receive immediate attention. A chronic problem
                     is a longstanding adverse situation that may have a difficult-to-detect
                     root cause but is creating too much variability in a process. Chronic
                     problems require remedy through changing the status quo. Chronic
                     problems are not necessarily dramatic—they have been occurring for
                     a long time, are often difficult to solve, and are at risk of being
                     accepted as inevitable.

                  
                  
                  
                  The
                     approach to solving sporadic problems differs from that for solving
                     chronic problems. Sporadic problems are attacked by control processes.
                     Chronic problems require root cause identification and continuous
                     improvement processes. These costs may be impacted by a nonevident failure, defined in the Dictionary as follows:

                  
                  
                  
                  
                     
                     A
                        failure occurring in either a product or a production process that
                        is not immediately evident. This may be indicative of a faulty design.

                     

                  
                  
               
               
               
               
                  
                  Costs
                     of Controlling Quality (Appraisal and Prevention Costs)

                  
                  
                  
                  
                  
                  
                  
                  
                  Appraisal
                     costs and prevention costs are the costs of quality initiatives
                     and related training. As these are proactive investments, they are
                     considered the “good” kinds of quality costs. Organizations use
                     appraisal and prevention investments to reduce failure costs but
                     need to do so in ways that maintain product profitability. Employees need
                     to learn how to correctly use a variety of quality and lean tools
                     to help them prioritize issues, select the right tools, identify
                     root causes, find solutions, and then test and implement improvements.
                     Improvements also need to be tracked over time to ensure that investments
                     are paying off in improved processes and products. The goal is to
                     more than offset the costs of investing in quality by dramatically
                     reducing the costs of poor quality and therefore reducing the overall
                     costs of making products and services.

                  
                  
                  
                  Appraisal costs include costs for inspections,
                     calibration of equipment, product testing, and quality audits. By
                     definition, inspection occurs on finished goods to determine if
                     they meet all specifications. Inspection can also occur for incoming
                     raw materials or components, but these are the finished goods of
                     suppliers. While appraisal costs are necessary to some degree, the
                     lean methodology considers these to be a form of waste because perfect
                     quality goods should not need inspection.

                  
                  
                  
                  From a TQM standpoint, prevention costs
                     need to become the highest priority, because these measures reduce
                     product and process variability. The Dictionary defines prevention costs in part as follows:

                  
                  
                  
                  
                     
                     The
                        costs caused by improvement activities that focus on the reduction
                        of failure and appraisal costs. Typical costs include education,
                        quality training, and supplier certification.

                     

                  
                  
                  
                  Prevention
                     costs also include preventive maintenance, quality planning, statistical process
                     control, and the cost of devoting time to various types of continuous improvement
                     or longer improvement projects. The Dictionary defines preventive maintenance as follows:

                  
                  
                  
                  
                     
                     The
                        activities, including adjustments, replacements, and basic cleanliness,
                        that forestall machine breakdowns. The purpose is to ensure that
                        production quality is maintained and that delivery schedules are
                        met. In addition, a machine that is well cared for will last longer
                        and cause fewer problems.

                     

                  
                  
                  
                  The theory is that increasing investment
                     in prevention will increase the total cost of poor quality over
                     the short term, because failure costs will not immediately go down. Over
                     the long term, however, as multiple rounds of continuous improvement
                     are applied, the cost of failure will shrink dramatically, and the
                     cost of appraisal will also shrink as less is needed. Thus investing
                     in quality has a long-term positive return on investment.

                  
                  
                  
                  Note that there are
                     two basic methods for detecting the need for quality improvements:
                     quality control and quality assurance. In many quality circles,
                     the basic difference is that quality control measures conformance
                     to standards or requirements such as product specifications while
                     quality assurance measures conformance to process, policy, or procedure.
                     An example of quality assurance using this definition could be the
                     degree to which a worker follows the required procedure of placing
                     a template overlay over a part before adding components as marked
                     on the template.

                  
                  
                  
                  However,
                     there are many interpretations of these terms, and they are often
                     treated as synonyms. Whatever they are called at your organization,
                     both conformance to specifications and process conformance need
                     to be measured (appraised) and failures in conformance reduced in
                     occurrence (prevented) to one degree or another.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Optimizing Costs Related to Conformance
               and Quality

            
            
            
            
            
               
               
               
               
               Prevention
                  and appraisal costs are inversely proportional to failure costs.
                  The higher the expenditures on prevention and appraisal, the lower
                  the costs of defects, until a point of diminishing returns sets
                  in. That is, the costs of quality affect the cost and volume of
                  products sold. They also have important implications for planning
                  and controlling quality within the organization. Exhibit 8-5 illustrates
                  how total quality costs are a function of the curve for combined
                  expenditures for prevention and appraisal and the curve for failure
                  costs.

               
               
               
               
                  Exhibit 8-5: Conformance and Costs of Quality[image: ../images/CPIMgraphic2-4c-t02-04.png]
               
               
               
               
               Note that this chart goes
                  from 0 percent of units found to be in conformance with quality
                  standards to 100 percent of units in conformance, with the cost
                  measured as the cost per acceptable unit of product. As one approaches
                  perfection, the total of these two curves becomes less and less.
                  (By definition, if 100 percent of units are in conformance, the
                  failure cost will be zero.) Based on this model developed by Juran, organizations
                  should continue investing in prevention and appraisal until the
                  failure cost level is insignificant. Often, this level of perfection
                  is not possible, and, in this case, the total quality cost (total
                  of prevention plus appraisal plus failure costs) will fall to a certain
                  point and then begin to rise (not shown on the graphic). The optimal
                  point in that case will be the lowest total quality cost on the
                  curve.

               
               
               
               Examples of costs in
                  each of the four types of quality costs are listed in Exhibit 8-6 and Exhibit 8-7.

               
               
               
               
                  
                  
                  

                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 8-6: Costs Related to Preventing Defects
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Costs Related to Preventing
                                    Defects from Reaching Customers

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Prevention costs

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Quality
                                          engineering

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Quality
                                          training and circles

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Statistical
                                          process control

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Quality
                                          data gathering and analysis

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Quality
                                          improvement projects

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Supervision
                                          of prevention activities

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Technical
                                          support to suppliers

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Audits
                                          of quality system effectiveness

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Appraisal costs

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Testing/reinspection
                                          of incoming materials, in-process goods, and final products

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Supplies
                                          used in testing and inspection

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Depreciation/maintenance
                                          of testing equipment

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Plant
                                          utilities in inspection area

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Field
                                          testing and appraisal at customer site

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               
                  
                  
                  

                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 8-7: Costs of Failure to Meet Design Specifications
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                                          and retesting
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                                          of defective products
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                                          of cause of defects
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                                          reentry due to keying errors
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                                          software errors
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                                          shrinkage

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 External failure costs
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                                          servicing and complaint handling

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Warranty
                                          repairs and replacements

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Product
                                          recalls

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Liability
                                          for defective products

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Returns
                                          and allowances

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Lost
                                          sales due to poor quality reputation

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               It is important to note
                  that quality costs relate to many functional areas, including product
                  design, manufacturing, order management, and product servicing.

               
               

            
            
         
         
   
      
         
         
         
         Topic 3: Quality
            Tools

         
         
         
         
            
            
            The basic seven quality
               tools include the cause-and-effect diagram, the check sheet, the
               flowchart, the histogram, the Pareto chart, the control chart, and
               the scatter diagram. The seven new tools of quality include the
               affinity diagram, the tree diagram, the matrix diagram, the process
               decision program chart, the relationship diagram, the matrix data
               analysis chart, and the activity network diagram. We’ll be examining
               the purpose and construction of each these tools here.

            
            

         
         
         
         
         
            
            
            Basic Seven
               Tools of Quality (B7)

            
            
            
            
            
               
               
               
               
               For the successful implementation and
                  use of quality tools, it is critical that

               
               
               
               
                  
                  
                  	
                     
                     
                     The appropriate tool(s) be selected to
                        address the problem

                     
                     

                  
                  
                  
                  	
                     
                     
                     Employees
                        have training on the approach and/or how to interpret the results

                     
                     

                  
                  
                  
                  	
                     
                     
                     Key
                        employees have in-depth knowledge of the process, including what
                        data to collect and how to prepare them.

                     
                     

                  
                  

               
               
               
               Consistent application
                  of quality tools and techniques will ensure that results are comparable
                  and the benefits of quality are fully realized by the organization.
                  This advice applies to the basic seven tools to be presented next,
                  to the seven new tools discussed separately in this topic, and to
                  any other quality tools that might be selected.

               
               
               
               Seven problem-solving
                  tools were developed in Japan and North America in the last century.
                  The basic seven tools of quality (B7) are
                  defined by the ASCM Supply Chain Dictionary as
                  follows:

               
               
               
               
                  
                  Tools
                     that help organizations understand their processes in order to improve
                     them. The tools are the cause-and-effect diagram (also known as
                     the fishbone diagram or the Ishikawa diagram), check sheet, flowchart,
                     histogram, Pareto chart, control chart, and scatter diagram.

                  

               
               
               
               These tools help organizations
                  understand processes in order to improve them. They are called basic
                  because they are relatively simple and easy for people to use or understand
                  (people who aren’t statisticians). They also are examples of visual communication.
                  Each of these tools is discussed more next.

               
               
               
               
                  
                  Check Sheets

                  
                  
                  
                  
                  
                     
                     
                     
                        
                        
                        
                        Definition/Description
                        

                     
                     
                     
                     The Dictionary defines a check sheet in part as follows:

                     
                     
                     
                     
                        
                        A
                           simple data-recording device. The check sheet is designed by the
                           user to facilitate the user’s interpretation of the results...Check
                           sheets are often confused with data sheets and checklists.

                        

                     
                     
                     
                     A check sheet is used
                        to tally and summarize individual occurrences. It is designed for a
                        specific application, to capture data about the presence or absence
                        of critical features. The check sheet lists categories of quality
                        issues; the observer makes a check against each category for each
                        occurrence noted.

                     
                     
                  
                  
                  
                     
                     
                     
                        Use
                        

                     
                     
                     
                     Check sheets are used
                        to record the number of times a particular type of event occurs in
                        real time. The row and column totals can be summed and categorized.
                        The results are simply data that can be interpreted using other
                        tools such as a histogram or Pareto chart, or they can be used to
                        calculate basic statistics such as defects per operator over a given
                        time period.

                     
                     
                  
                  
                  
                     
                     
                     
                        Example
                        

                     
                     
                     
                     Exhibit 8-8 shows
                        an example of a check sheet used for recording reasons for product returns
                        of various styles of in-stock doors.

                     
                     
                     
                     
                        Exhibit 8-8: Check Sheet Tallying Reasons for Returns[image: ../images/CPIMgraphic1j-t04-04.png]
                     
                     
                     
                  
               
               
               
               
                  
                  Pareto Charting and Analysis

                  
                  
                  
                  
                  
                  
                  
                     
                     
                     
                        
                        
                        
                        Definition/Description
                        

                     
                     
                     
                     The Dictionary defines a Pareto chart as follows:

                     
                     
                     
                     
                        
                        A
                           bar graph that displays the results of a Pareto analysis. It may
                           or may not display the 80-20 variation, but it does show a distinct
                           variation from the few compared to the many.

                        

                     
                     
                     
                     Pareto charting and analysis
                        are based on Pareto’s law, which
                        is defined in the Dictionary in
                        part as follows:

                     
                     
                     
                     
                        
                        A concept developed by Vilfredo Pareto,
                           an Italian economist, that states that a small percentage of a group
                           accounts for the largest fraction of its impact or value.

                        

                     
                     
                     
                     This tool applies the
                        Pareto principle in the form of a bar graph. Categories of data
                        are ranked, usually from left to right along the x axis, from most significant
                        to least. The y axis shows reference
                        ranges (e.g., number or percentage of occurrences). A cumulative
                        percentage line plots the category contributions to the whole, making
                        it easier to identify the 80/20 cut—the 20 percent of factors that
                        are creating 80 percent of the problems.

                     
                     
                  
                  
                  
                     
                     
                     
                        Use
                        

                     
                     
                     
                     Pareto charting/analysis
                        distinguishes between the vital few categories that contribute most
                        of the issues and the trivial many categories of infrequent occurrence. The
                        idea is to support more-focused and therefore cost-effective quality
                        improvement.

                     
                     
                  
                  
                  
                     
                     
                     
                        Example
                        

                     
                     
                     
                     Exhibit 8-9 shows
                        how the results of many check sheets compiled over time have resulted
                        in certain percentages of types of reasons for returns, which are
                        ranked from most to least common per Pareto chart rules.

                     
                     
                     
                     
                        Exhibit 8-9: Pareto Chart[image: ../images/CPIMgraphic1j-t04-05.png]
                     
                     
                     
                     
                     The line starting
                        from 0 and moving up to 100 percent shows the cumulative sum formed
                        by adding each additional column to the running total as the chart
                        is read from left to right. The left vertical axis shows the total
                        number of instances; the right vertical axis shows the equivalent
                        percentage. The sum of the first two categories of reasons for returns
                        is 70 percent, which is close to the 80 percent part of the Pareto 80-20
                        rule of thumb, but this is 40 percent of the causes shown (two-fifths).
                        However, the “Other” category might contain a large number of infrequent
                        causes. If the “Other” category contained, for example, six causes,
                        then the first two causes would be 20 percent (two-tenths). Regardless
                        of the precise number of causes, the first one or two of these causes
                        would be called “the significant few” in Pareto terminology. The remaining
                        number would be called “the trivial many.” The chart shows that addressing
                        the first two problems will resolve the majority of product returns,
                        thus giving the highest return on investment for improvement initiatives.

                     
                     
                  
               
               
               
               
                  
                  Cause-and-Effect Diagrams

                  
                  
                  
                  
                  
                  
                  
                     
                     
                     
                        
                        
                        
                        
                        
                        Definition/Description
                        

                     
                     
                     
                     The Dictionary defines
                        the cause-and-effect diagram (this is a partial definition) and
                        a synonym, fishbone analysis, as follows.

                     
                     
                     
                     
                        
                        Cause-and-effect
                              diagram: A tool for analyzing
                           process dispersion. It is also referred to as the Ishikawa diagram
                           (because Kaoru Ishikawa developed it) and the fishbone diagram (because
                           the complete diagram resembles a fish skeleton). The diagram illustrates
                           the main causes and subcauses leading to an effect (symptom).

                        
                        Fishbone
                              analysis: A technique
                           to organize the elements of a problem or situation to aid in the
                           determination of the causes of the problem or situation. The analysis relates
                           the effect of the environment to the several possible sources of
                           the problem.

                        

                     
                     
                     
                     This
                        tool diagrams causes for a quality problem, starting with the effect
                        and then identifying all possible causes for the effect.

                     
                     
                  
                  
                  
                     
                     
                     
                        Use
                        

                     
                     
                     
                     The purpose of the diagram
                        is to brainstorm possible root causes of a symptom. The cause-and-effect
                        diagram supports analysis of how to solve a problem or capture an opportunity
                        and focus on ways to improve processes.

                     
                     
                     
                     The five whys approach
                        can be used in combination with the cause-and-effect diagram in
                        order to expand each cause. This approach is defined as follows
                        in the Dictionary:

                     
                     
                     
                     
                        
                        A common practice in total quality management that involves
                           asking “why” five times when confronted with a problem. By the time the
                           answer to the fifth why is found, the ultimate cause of the problem is
                           identified.

                        

                     
                     
                  
                  
                  
                     
                     
                     
                        Example
                        

                     
                     
                     
                     Exhibit 8-10 shows
                        an example of a cause-and-effect diagram. In this case, the symptom being
                        investigated is freight claim returns related to poor packaging,
                        which resulted in damaged product being received.

                     
                     
                     
                     
                        Exhibit 8-10: Cause-and-Effect Diagram[image: ../images/CPIMgraphic1j-t04-06.png]
                     
                     
                     
                     
                     The
                        first thing to do when constructing a cause-and-effect diagram is
                        to list the symptom at the “head” of the fish. Then the “skeleton”
                        is created by adding a line from the symptom and six main “bones.”
                        These are the categories of causes to explore, and the following
                        are commonly used because they are fairly comprehensive in terms
                        of the possible sources of variation in a process. (Note that the
                        examples included in parentheses below are possible sources of manufacturing
                        variation.)

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Environment
                              (dust, temperature changes, humidity, lighting)

                           
                           

                        
                        
                        
                        	
                           
                           
                           People
                              (operator training, level of experience)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Materials
                              (poor-quality or highly variable materials)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Measurement
                              (miscalibrated tools giving the wrong result; the wrong things being measured)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Methods
                              (flawed process steps or flow between steps)

                           
                           

                        
                        
                        
                        	
                           
                           
                           Machine
                              (poorly maintained equipment or the wrong equipment)

                           
                           

                        
                        

                     
                     
                     
                     Next, brainstorming
                        participants add potential root causes under the appropriate categories,
                        perhaps adding subsets of these smaller “bones” as needed. Participants keep
                        going until all potential causes have been listed. The use of the
                        categories helps ensure that participants are thorough. Since this
                        is a brainstorming exercise, there are no bad ideas. Its purpose
                        is to be innovative, so the chart can be as simple or as complex
                        as needed to list all potential causes.

                     
                     
                     
                     Once all potential causes have been listed,
                        the next step is to narrow the list down to just those items that
                        the group agrees are the most likely root causes—or are at least worth
                        exploring further. There may be more than one root cause. Continuous improvement
                        efforts can then be directed to those areas.

                     
                     
                  
               
               
               
               
                  
                  Flowcharts

                  
                  
                  
                  
                  
                  
                     
                     
                     
                        
                        
                        
                        
                        
                        
                        
                        Definition/Description
                        

                     
                     
                     
                     The Dictionary defines a flowchart
                        and related terms as follows:

                     
                     
                     
                     
                        
                        Flowchart: A chart that shows the operations,
                           transportations, storages, delays, inspections, and so on related
                           to a process. Flowcharts are drawn to better understand processes,
                           and they are an output of a flowcharting process. The flowchart
                           is one of the seven tools of quality.

                        
                        Process flow: The sequence of activities
                           that, when followed, results in a product or service deliverable.

                        
                        Process flow diagram: A graphical and progressive
                           representation of the various steps, events, and tasks that make
                           up an operations process. It provides the viewer with a picture
                           of what actually occurs when a product is manufactured or a service is
                           performed.

                        

                     
                     
                     
                     Flowcharts
                        use commonly accepted symbols—ovals to represent process boundaries or
                        terminators, rectangles (or sometimes circles) to represent operations,
                        diamonds to represent decision points, and so on. Other symbols
                        may be used depending on the type of chart. Some charts list operation
                        times as well as the process flow. Another type is a cross-functional
                        (swimlane) flowchart, where functional areas are shown in rows or
                        columns so that it is easy to see which department does which part
                        of a process. This might show where interdependencies or inefficiencies
                        exist among departments.

                     
                     
                  
                  
                  
                     
                     
                     
                        Use
                        

                     
                     
                     
                     Flowcharts depict complex
                        processes, identifying interdependencies that can cause potential
                        bottlenecks or opportunities for efficiency (e.g., running tasks simultaneously
                        rather than concurrently). Flowcharts can be powerful tools to visualize
                        processes and improve them, such as streamlining processes to reduce unnecessary
                        steps. They can also be used to visualize causes of problems.

                     
                     
                  
                  
                  
                     
                     
                     
                        Examples
                        

                     
                     
                     
                     Exhibit 8-11 shows
                        a flowchart of a packaging process for a door manufacturer.

                     
                     
                     
                     
                        Exhibit 8-11: Flowchart[image: ../images/CPIMgraphic1j-t04-07.png]
                     
                     
                     
                     
                     In
                        this example, the process starts when the completed unit is received
                        from manufacturing. First, the initial packaging is added. Then
                        the package is shrink-wrapped. The diamond represents a decision
                        point where inspection occurs. If the packaging is rejected, the
                        process loops back for rework. If accepted, it is put in the final
                        box and sent to the shipping area.

                     
                     
                     
                     Studying flowcharts might reveal ways to
                        improve a process. For example, perhaps inspection did not occur
                        previously and this is the to-be state. Perhaps inspection occurred
                        at the wrong point, such as after the outside box was added, and
                        it was hard to determine if there were issues with packaging alignment.

                     
                     
                     
                     Another type of flowchart
                        is a cross-functional chart, as seen in Exhibit 8-12.
                        It is used to visualize responsibility for process steps when multiple
                        departments, functions, or people are involved. The process steps
                        carried out by each function, department, or person are placed in
                        their own row.

                     
                     
                     
                     
                        Exhibit 8-12: Cross-Functional Process Map[image: ../images/CPIMgraphic2-4c-t02-12.png]
                     
                     
                     
                  
               
               
               
               
                  
                  Histograms

                  
                  
                  
                  
                  
                  
                     
                     
                     
                        
                        
                        
                        Definition/Description
                        

                     
                     
                     
                     The Dictionary defines a histogram in part as follows:

                     
                     
                     
                     
                        
                        A
                           graph of contiguous vertical bars representing a frequency distribution
                           in which the groups or classes of items are marked on the X axis
                           and the number of items in each class is indicated on the Y axis.
                           The pictorial nature of the histogram lets people see patterns that
                           are difficult to see in a simple table of numbers.

                        

                     
                     
                     
                     The histogram graphically
                        depicts the sorting of data into groups arranged in the shape of
                        a frequency distribution, showing a central tendency and dispersion.
                        The Dictionary defines frequency distribution as follows:

                     
                     
                     
                     
                        
                        A
                           table that indicates the frequency with which data falls into each
                           of any number of subdivisions of the variable. The subdivisions
                           are usually called classes.

                        

                     
                     
                     
                     Histograms are simply vertical bar charts.
                        Unlike in a Pareto chart, the results are not ranked by frequency.
                        Instead, histograms visualize the actual data such as per time period
                        or by ranges of results so the results are easier to understand.
                        The bars show frequency in terms of numbers of items or a percentage
                        of items.

                     
                     
                  
                  
                  
                     
                     
                     
                        Use
                        

                     
                     
                     
                     Histograms are used to sort data and to
                        support rapid comparison of categories of data.

                     
                     
                     
                     Histograms can include a target value or
                        a range of values. They can show negative values. Histograms with
                        four quadrants show positive and negative values for both the x and y axes. They can also be designed
                        to show comparisons over time (usually through multiple columns
                        for each category).

                     
                     
                  
                  
                  
                     
                     
                     
                        Example
                        

                     
                     
                     
                     Exhibit 8-13 shows
                        a histogram of the number of dents found on products returned because
                        they were dented. It shows that most units were in the range of
                        two to three dents, with fewer or more dents being less frequent.
                        This information might be used to show that multiple areas of packaging
                        need to be addressed.

                     
                     
                     
                     
                        Exhibit 8-13: Histogram[image: ../images/CPIMgraphic1j-t04-08.png]
                     
                     
                     
                  
               
               
               
               
                  
                  Scatter Diagrams/Scatter Charts

                  
                  
                  
                  
                  
                     
                     
                     
                        
                        
                        
                        
                        
                        
                        Definition/Description
                        

                     
                     
                     
                     The Dictionary defines a scatter chart, also called a scatter diagram
                        or scatterplot, in part as follows:

                     
                     
                     
                     
                        
                        A graphical technique
                           to analyze the relationship between two variables. Two sets of data
                           are plotted on a graph, with the y-axis used for the variable to
                           be predicted and the x-axis used for the variable to make the prediction.
                           The graph will show possible relationships. Although two variables
                           might appear to be related, they might not be. Those who know most
                           about the variables must make that evaluation.

                        

                     
                     
                     
                     A scatter chart or diagram
                        plots data points against two variables that form the chart’s x and y axes. Each axis is scaled.
                        The pattern formed by the plotted data describes the correlation
                        between the two variables:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           The
                              tightness of the clustering indicates the probable strength of the
                              correlation.

                           
                           

                        
                        
                        
                        	
                           
                           
                           A
                              line rising from the lower left quadrant to the upper right quadrant
                              indicates a positive correlation. (As x increases, y increases.)

                           
                           

                        
                        
                        
                        	
                           
                           
                           A
                              line falling from the upper left quadrant to the lower right quadrant
                              indicates a negative correlation. (As x increases, y decreases.)

                           
                           

                        
                        

                     
                     
                  
                  
                  
                     
                     
                     
                        Use
                        

                     
                     
                     
                     Scatter charts can be
                        used to test possible causal relationships and narrow focus on subsequent
                        tests. This type of diagram is most useful if the two variables
                        relate to each other.

                     
                     
                  
                  
                  
                     
                     
                     
                        Example
                        

                     
                     
                     
                     Exhibit 8-14 is
                        an analysis of how many doors were packaged on a particular day
                        of the month, and it shows that this level rose steadily throughout
                        the month. (A trend line was added to show this general increase.)

                     
                     
                     
                     
                        Exhibit 8-14: Scatter Diagram[image: ../images/CPIMgraphic1j-t04-13.png]
                     
                     
                     
                     
                     This
                        type of analysis might be made, for example, if a cause-and-effect
                        analysis considered a possible root cause of poor packaging to be
                        overworked employees. Further study could determine whether more
                        poorly packaged doors were shipped at the end of the month. However,
                        if the packaging itself was simply not robust enough given the hard
                        handling of third-party package services, the real root cause would
                        be the quality of the packaging, and this scatter diagram would
                        be showing a coincidence rather than a real cause-and-effect situation.

                     
                     
                  
               
               
               
               
                  
                  Control Charts

                  
                  
                  
                  
                  A control
                     chart is based on a series of samples taken through time and assumes
                     that all samples are taken from the same process—that is, that the
                     setup, materials, and other conditions are normal. Ideally, only
                     common causes should be present in a process because these represent
                     a stable, predictable process. The control chart for a process should
                     have nearly all of its data points within the statistical control
                     limits, and, if not, there are quality issues that need to be addressed.
                     Control charts are covered in detail in the discussion of continuous
                     improvement.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Seven New Tools

            
            
            
            
            
               
               
               
               
               In the mid-1970s, a consortium
                  of Japanese engineers and scientists discussed the need for additional
                  quality tools that could enable them to express important production-related
                  information, support innovation, and facilitate the planning of major
                  projects. They wanted to be able to communicate important information
                  that could be put into action. With those goals in mind, the consortium
                  selected seven additional quality management and planning tools
                  to complement the basic seven tools.

               
               
               
               The ASCM
                     Supply Chain Dictionary defines the seven
                     new tools (N7) as “a set of quality improvement tools developed
                  by the Union of Japanese Scientists and Engineers (JUSE).” Each
                  of the seven new tools—affinity, tree, matrix, relationship, and
                  activity network diagrams and process decision program and matrix
                  data analysis charts—is discussed more next.

               
               
               
               
                  
                  Affinity Diagram

                  
                  
                  
                  
                  An
                     affinity diagram is a tool for employees striving to solve a particular
                     issue to help them in organizing a large number of brainstormed
                     ideas. Participants in the brainstorming session provide anonymous
                     ideas and suggestions, and, based on the number of them that relate
                     to each topic, the group can get a sense of the seriousness of the
                     issue. It begins with a discussion leader presenting the topic or
                     problem, which the employees then brainstorm about, recording each
                     idea on a slip of paper or index card. The ideas are then posted
                     in one place and the group determines how to group them by category
                     or theme.

                  
                  
                  
                  As seen
                     in Exhibit 8-15,
                     each group of ideas is then given a descriptive title that encompasses
                     the ideas below it. In this case, the challenge was trying to identify causes
                     of product recall for a manufacturer. The group generated causes
                     that fell into six broad categories: inspection, customer feedback,
                     product materials, frequency, costs, and return processes.

                  
                  
                  
                  
                     Exhibit 8-15: Affinity Diagram[image: ../images/CPIMgraphic21-17.png]
                  
                  
                  
                  
                  This
                     tool tends to provide new and more comprehensive insights into an
                     issue that can become an official continuous improvement project.
                     Then other tools can be used to further investigate each category.

                  
                  
               
               
               
               
                  
                  Relationship Diagram (Interrelationship
                     Digraph)

                  
                  
                  
                  
                  The
                     relationship diagram, also called an interrelationship diagram or
                     digraph, illustrates cause-and-effect relationships and is particularly
                     useful for evaluating the links between different aspects of a complicated
                     issue. As seen in Exhibit 8-16,
                     the ideas that a team generates are placed in their own respective
                     circles and clustered according to how they may relate to each other.
                     Solid-line arrows are then drawn from each idea to other ideas that
                     it strongly influences. A dashed arrow implies that there is some
                     influence but it is not strong.

                  
                  
                  
                  
                     Exhibit 8-16: Relationship Diagram[image: ../images/CPIMgraphic21-20.png]
                  
                  
                  
                  
                  The
                     goal is to identify

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The
                           major cause, that is, the one that has the greatest number of arrows emanating
                           from it

                        
                        

                     
                     
                     
                     	
                        
                        
                        The
                           most interrelated cause, that is, the one with the most arrows in
                           and out.

                        
                        

                     
                     

                  
                  
                  
                  In
                     this instance, the diagram begins with an increase in customer complaints.
                     The team wants to identify what could be the possible direct and
                     indirect causes of that increase. They conclude that four factors
                     are about equally responsible for the issue. The team decides that
                     they will need to do additional analysis of these factors, after which
                     they will be better able to stratify the complaints.

                  
                  
               
               
               
               
                  
                  Matrix Diagram

                  
                  
                  
                  
                  The
                     matrix diagram (matrix chart) is a useful tool for showing the relationships between
                     two or more groups of information, the strengths of those relationships,
                     and how the variables interact and respond to each other. Matrix
                     diagrams can be in a variety of shapes: L, T, Y, C, X, and roof-shaped.
                     The most commonly used is the L-shaped matrix, which illustrates
                     how two groups of items relate to each other or one group to itself.
                     The matrix in Exhibit 8-17 shows
                     how specifications for a product vary from one customer to the next.

                  
                  
                  
                  
                     
                     
                     

                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 8-17: Matrix Diagram of Customer Specifications for Component #4572
                           
                           
                              
                              
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Specification

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer
                                       A

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer
                                       B

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer
                                       C

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Width

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    ≤0.789 cm

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    ≤0.790 cm

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    ≤0.785 cm

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Length

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    ≤1.11 cm

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    ≤1.20 cm
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                                    #127
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                                    #129

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               
               
               
                  
                  Tree Diagram

                  
                  
                  
                  
                  A tree diagram
                     delineates tasks and activities in increasingly finer detail in
                     order to meet a specific goal. As seen in Exhibit 8-18,
                     the goal is on the left-hand side and the main branches of the tree
                     “bloom” off of that. Each branch helps to clarify another aspect
                     of the issue. The tree diagram can be used in conjunction with the
                     affinity diagram and the relationship diagram.

                  
                  
                  
                  
                     Exhibit 8-18: Tree Diagram[image: ../images/CPIMgraphic21-18.png]
                  
                  
                  
               
               
               
               
                  
                  Matrix Data Analysis Chart (Prioritization
                     Matrix)

                  
                  
                  
                  
                  The
                     matrix data analysis chart is another tool that can be used to show
                     the relationship between groups of information. As seen in Exhibit 8-19,
                     the two variables (or features) against which the product lines
                     are being measured are opacity and insulating properties. The closer
                     the product line point is to the positive end of each variable,
                     the stronger the feature is for that line, and vice versa. For instance,
                     the wood louvers of this manufacturer have significantly higher
                     ratings on opacity and insulating capabilities compared to product
                     lines C and D in the lower left quadrant. This tool can be useful
                     when trying to differentiate marketing messages and compare seemingly
                     similar products.

                  
                  
                  
                  
                     Exhibit 8-19: Matrix Data Analysis Chart[image: ../images/CPIMgraphic21-21.png]
                  
                  
                  
               
               
               
               
                  
                  Process Decision Program Chart

                  
                  
                  
                  
                  The process decision program chart
                     visually captures things that might go wrong in a plan being developed.
                     In Exhibit 8-20,
                     the decision to increase shelf space is mapped out to determine
                     all the related points that could influence a sequence of decisions
                     as to how to reach the goal of achieving a good allotment of space.
                     Note that a planogram is a visual tool showing the intended placement
                     of retail items on shelves.

                  
                  
                  
                  
                     Exhibit 8-20: Process Decision Program Chart[image: ../images/CPIMgraphic21-19.png]
                  
                  
                  
                  
                  This
                     tool can be used in two different manners: to identify measures
                     that should be taken in order to avoid undesirable, intermediate
                     consequences as progress is made toward the final desired result,
                     and to design a plan to predict future foreseeable problems that
                     can be resolved and ultimately result in achievement of the goal.

                  
                  
               
               
               
               
                  
                  Activity Network Diagram

                  
                  
                  
                  
                  The
                     activity network diagram, also sometimes referred to as an arrow
                     diagram or critical path method chart, is particularly helpful when
                     an improvement team wants to identify the required order of tasks
                     in a manufacturing process or project. Its primary benefit is to
                     convey dependencies and simultaneous activities via a simple visual.

                  
                  
                  
                  Exhibit 8-21 shows
                     an activity network diagram for a project that has a number of activities
                     represented by boxes, with arrows showing their sequence. The numbers show
                     the results of a forward pass (the early start and early finish
                     boxes), a backward pass (the late start and late finish boxes),
                     plus information on the duration of each activity and the float
                     (the available slack between the earliest and latest starts). A critical
                     path is also shown in bold, which is the sequence of activities
                     that will take the longest to complete and therefore is the shortest
                     possible overall project duration (if assumptions hold). How to
                     calculate this information is beyond the scope of this text.

                  
                  
                  
                  
                     Exhibit 8-21: Activity Network Diagram with Critical Path[image: ../images/CPIMgraphic23-08.png]
                  
                  
                  
               
               

            
            
         
         
   
      
         
         
         
         Section B: Technology

         
         
         
         
            
            
            
            
            
               After completing this section,
                  students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Develop technology
                     requirements/specifications to support organizational goals

                  
                  

               
               
               
               	
                  
                  
                  Determine
                     the current state and the ideal state using appropriate tools (examples include
                     flowcharts, benchmarking, and process mapping)

                  
                  

               
               
               
               	
                  
                  
                  Identify
                     gaps, system limitations, costs, process knowledge needed, and human resource
                     policies to be considered

                  
                  

               
               
               
               	
                  
                  
                  List
                     factors that affect the decision to acquire new technology (e.g.,
                     competitive advantage, risk)

                  
                  

               
               
               
               	
                  
                  
                  Demonstrate
                     the need for the ideal state to be achieved, consider tradeoffs
                     and resource availability, assign ownership, and use project management
                     tools

                  
                  

               
               
               
               	
                  
                  
                  Maintain
                     technology systems

                  
                  

               
               
               
               	
                  
                  
                  Emphasize
                     the necessity of testing and use of restrictions on existing technologies

                  
                  

               
               
               
               	
                  
                  
                  Determine
                     impacts and use tradeoffs to minimize risks to existing technologies

                  
                  

               
               
               
               	
                  
                  
                  Develop
                     prioritization techniques and communication skills for technology maintenance

                  
                  

               
               
               
               	
                  
                  
                  Understand
                     the importance of master data and data governance

                  
                  

               
               
               
               	
                  
                  
                  Define
                     an enterprise resources planning system and describe its purpose

                  
                  

               
               
               
               	
                  
                  
                  Explain how an advanced planning and scheduling
                     system works and how it impacts production schedules

                  
                  

               
               
               
               	
                  
                  
                  Adopt
                     emerging technologies as appropriate for competitive advantage (examples include
                     artificial intelligence, the Internet of Things, 3D printing, augmented reality,
                     robotic process automation, and machine learning).

                  
                  

               
               

            
            
            
            This section addresses technology requirements
               and gap analysis for technology selection and how to properly implement
               and maintain technologies. The section also covers a range of technologies,
               including enterprise resources planning, advanced planning and scheduling,
               and emerging technologies.

            
            

         
         
         
         
   
      
         
         
         
         Topic 1: Requirements,
            Gap Analysis, and Selection

         
         
         
         
            
            
            Here we address categories
               of technologies, the need for strategic and existing architecture
               alignment, and the important steps in technology analysis and selection. The
               first step is to determine requirements. The second step is to perform
               a gap analysis on the current state versus the need for new or upgraded
               technology. An alternative to a gap analysis is to pitch an entirely
               new technology solution as a big opportunity. These steps help the
               organization begin with the end in mind so that it can set technology
               selection criteria that are based on actual needs rather than wants. The
               process of selecting technologies then includes developing selection
               criteria, considering risks, and considering rewards (e.g., strategic
               advantage).

            
            

         
         
         
         
         
            
            
            Technology
               System Requirements and Specifications

            
            
            
            
            
               
               
               
               
               Technology
                  for manufacturing and service provision consists of process technology and
                  information technology (IT). This may include machinery and information processing
                  that help transform materials or process departmental data. For
                  service industries, technology can help “transform” customers such
                  as by transforming sales leads into customers or by transforming
                  service requirements into services such as provision of information,
                  experiences, or actions.

               
               
               
               The
                  operations process technology strategy provides guidance for those
                  making decisions about how to apply technology—how technology will
                  be used to help operations meet its own performance objectives.
                  The operations strategy must be aligned with the organization’s
                  overall business strategy and with the organization’s information system architecture, defined in the ASCM Supply Chain Dictionary as follows:

               
               
               
               
                  
                  A
                     model of how the organization operates regarding information. The
                     model considers four factors: (1) organizational functions; (2)
                     communication of coordination requirements; (3) data modeling needs;
                     and (4) management and control structures. The architecture of the
                     information system should be aligned with and match the architecture
                     of the organization.

                  

               
               
               
               The
                  requirements and specifications for process technology or IT must
                  align with not only strategy and information system architecture
                  but also with stakeholder requirements found at multiple different
                  organizational levels. Technology and equipment requirements start
                  out broad and become more specific, going from strategic, to tactical,
                  to operational requirements.

               
               
               
               
                  
                  
                  	
                     
                     
                     Strategic requirements are
                        borne from overall company strategy and goals, including strategies
                        for competition and growth.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Tactical requirements in manufacturing
                        stem from choices made for the production process. Technology in
                        this area can help drive high utilization rates and enable the utilization
                        of highly trained workers. These requirements can relate to demand
                        management, inventory management, distribution, or any number of
                        other areas.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Operational requirements may
                        relate to specific requirements of certain facilities or to the
                        quality requirements for specific processes within manufacturing.

                     
                     

                  
                  

               
               
               
               Taking
                  an example of an enterprise resources planning (ERP) system, we
                  can explore the importance of setting requirements and specifications
                  for technology systems. Use of an ERP requires consistency throughout
                  the system. The system must be set up to allow each functional area
                  to access required information, precluding the use of technologies
                  and hardware that do not function consistently with the ERP system
                  in use. Additionally, the organization must generally agree on other
                  decision points, such as when a sale is recognized or when ownership
                  of some given piece of inventory is changed over to a different
                  entity in the organization. For example, a factory location and
                  a warehouse location must agree as to the point at which raw materials
                  from the warehouse that are used in the factory are transferred
                  out of the warehouse inventory system and into the factory inventory
                  system.

               
               
               
               We look more closely
                  at requirements at the strategic, tactical, and operational levels next.

               
               
               
               
                  
                  Strategic Requirements

                  
                  
                  
                  Organizations
                     develop technology systems requirements or specifications to support company
                     strategy and goals. The organization’s technology requirements need
                     to align with its strategy for competition and growth. For example,
                     if the organization is a low-cost provider, technology solutions
                     will either need to help lower costs by far more than the technology
                     investment cost or be inexpensive solutions that keep their own
                     capital investment requirements down. If the organization is working
                     to provide differentiation, the technology requirements need to
                     support that differentiation. Other strategic requirements will
                     relate to the organization’s priorities related to quality, speed,
                     dependability, flexibility, and cost.

                  
                  
                  
                  Another example of how to set strategic
                     requirements is to determine necessary advanced capabilities and
                     then work backward from there to determine the processes, programs,
                     people skills, and technologies that will enable those capabilities.
                     One tool that can be used to select advanced supply chain capabilities
                     is the Digital Capabilities Model
                        (DCM) for Supply Networks, which
                     is defined by the ASCM Supply Chain
                        Dictionary as follows:

                  
                  
                  
                  
                     
                     A reference model
                        for supply chain professionals to guide the development of digital
                        supply networks. The model is designed in a relational manner to
                        help envision and then build the digitally enabled capabilities
                        required to transform linear supply chains into a set of dynamic
                        networks.

                     

                  
                  
                  
                  The DCM helps translate a supply chain into
                     a holistic network view that focuses on the interconnectedness between
                     its six level 1 capabilities and the flow of information across
                     these capabilities, as shown in Exhibit 8-22.
                     The DCM is fully compatible with SCOR DS. Note that because the
                     model is relational, it is best viewed by going to dcm.ascm.org.

                  
                  
                  
                  
                     Exhibit 8-22: Digital Capabilities Model for Supply Networks[image: ../images/CPIMgraphic29-1.png]
                  
                  
                  
               
               
               
               
                  
                  Tactical Requirements

                  
                  
                  
                  From a manufacturing environment,
                     layout, and type perspective, technology and equipment requirements
                     need to fit the choices made for the production process. Flexible
                     machines (and workers) are needed to meet the product variety requirements
                     of work center processes. Heavy capital investment is required for
                     the dedicated and often highly specialized equipment used in line
                     production (assembly line) and mass/continuous production processes.
                     High utilization rates and high-volume production runs result in
                     low unit production costs and high production efficiency.

                  
                  
                  
                  In a lean manufacturing
                     organization, high utilization of large machinery is not likely the
                     best path to production efficiency. Here the requirements will be
                     for flexible equipment in terms of the ability to make both fast
                     changeovers and fast layout changes of equipment, such as into new
                     cells. Use of smaller machines tends to be more conducive to lean’s
                     small batch production, need for quality control, and addition or
                     reduction of capacity in small increments when necessary.

                  
                  
                  
                  Technology that enables
                     maximum utilization of highly trained workers will be another lean
                     technology requirement. Technologies that help cross-train workers
                     or make it easier to do the work with less training will be valued.
                     For example, this could be a system that has a lot of mistake proofing
                     and visual signals built in so that the task is more intuitive.

                  
                  
                  
                  As should be clear,
                     technology requirements can relate to every area discussed in this course,
                     from demand management requirements, to reduced lead times and stockouts for
                     better customer satisfaction, to inventory management technology
                     requirements that relate to tracking and controlling the level of
                     inventory and its accuracy, to distribution technology requirements
                     that help partners share information seamlessly, reduce cycle times,
                     and drive net costs down.

                  
                  
               
               
               
               
                  
                  Operational Requirements

                  
                  
                  
                  Obviously, technology
                     requirements will need to be made a lot more detailed and specific
                     after high-level requirements have been determined. For example,
                     for a manufacturing visibility requirement, requirements for sensors
                     could include environment hardening, accuracy, and precision requirements.
                     Requirements should be specified as SMART goals (specific, measurable,
                     attainable, relevant, and time-bound).

                  
                  
               
               

            
            
         
         
         
         
            
            
            Technology
               Gap Analysis or New Opportunity

            
            
            
            
            
               
               
               
               
               Technology
                  can be selected to fill gaps between current and desired capabilities,
                  or it can create entirely new capabilities when technology is viewed
                  as a way to achieve the next “big opportunity.” These subjects are
                  addressed next.

               
               
               
               
                  
                  Technology Gap Analysis

                  
                  
                  
                  
                  
                  The ASCM Supply
                        Chain Dictionary defines a gap
                        analysis as “a tool designed to assess the difference that
                     exists between a service that is offered and customer expectations.”
                     When used for a technology assessment, a gap analysis starts by determining
                     the current state of capabilities related to technology and then
                     gathers and analyzes the requirements of internal and external customers
                     to envision a future or ideal state for those capabilities. The
                     difference between the current and future state is the gap. A gap
                     analysis will help further refine technology requirements.

                  
                  
                  
                  A gap analysis is
                     more of a process than a single tool. As such, it can make use of numerous
                     tools discussed elsewhere in these materials. This can start with benchmarking
                     to determine one’s technology gaps relative to the competition or
                     the voice of the customer to understand how customer requirements
                     have changed since the last customer scan. (Internal customers should
                     be scanned, too, to reveal gaps or inefficiencies in internal workflows.)

                  
                  
                  
                  Process mapping can
                     use a flowchart to map the current process and then use this map
                     as a starting point to streamline the process for the future state.
                     A more supply-chain-specific type of process map organizations can
                     use is value stream mapping. This tool adds things like push versus
                     pull symbols and value-added versus non-value-added lead-time analyses.

                  
                  
                  
                  For a work center
                     technology gap analysis, a six sigma tool called spaghetti mapping can
                     be used to map out the current actual movements workers take to
                     get tools and materials, process the work, and produce the output.
                     The future state of this spaghetti map can indicate how much unnecessary
                     or repetitive walking or other motion (and thus lead time) could
                     be eliminated such as by relocating tool cribs, parts inventories, and
                     so on to more convenient locations.

                  
                  
                  
                  In some cases, analysis of current capabilities
                     will reveal that an existing technology system can already satisfy
                     certain requirements, either as it is currently being used or by
                     further leveraging the technology such as by training, process changes,
                     or add-on tools. This will help reduce the set of unfulfilled requirements
                     and the cost of bridging the gap.

                  
                  
                  
                  In other cases, a gap analysis will reveal
                     system, process, personnel, or partner limitations that need to
                     be addressed before a new technology will be capable of being successfully
                     integrated. Such limitations can include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Underlying
                           information system architecture layers that need to be replaced
                           or upgraded prior to being able to support a new technology, such
                           as a legacy system that would be incompatible, poorly scalable,
                           or too expensive to integrate

                        
                        

                     
                     
                     
                     	
                        
                        
                        Processes
                           that the technology would not support and would need to be changed
                           if the technology were adopted, such as an enterprise resources
                           planning system that has different workflows and that would be cost-prohibitive
                           to customize to the organization’s processes

                        
                        

                     
                     
                     
                     	
                        
                        
                        Human
                           resource (HR) skills gaps that would need to be closed using hiring, contracting,
                           and/or formal and informal training, for example, process knowledge gaps,
                           technical expertise gaps, and management and leadership gaps

                        
                        

                     
                     
                     
                     	
                        
                        
                        HR
                           policy gaps that restrict personnel job expansion, employee empowerment, and
                           so on that would need to be changed for the technology investment
                           to meet its potential

                        
                        

                     
                     
                     
                     	
                        
                        
                        External
                           partner gaps related to their willingness to change their processes
                           and share information, risks, and/or investment costs.

                        
                        

                     
                     

                  
                  
                  
                  The cost and time
                     required to make these organizational changes or underlying technology
                     improvements should be added to the overall cost of a technology feasibility
                     analysis.

                  
                  
               
               
               
               
                  
                  Technology as a “Big Opportunity”

                  
                  
                  
                  The book Accelerate by
                     John P. Kotter describes thinking outside the box and developing
                     the next big opportunity. While a technology gap analysis can reveal
                     areas for improvement, in some cases a competitive advantage can
                     be found only by looking for an entirely new way of doing things,
                     perhaps as part of a new strategy that a creative network of internal
                     volunteers is contemplating.

                  
                  
                  
                  The network of internal volunteers needs
                     to create urgency around the big opportunity that the new technology
                     represents. Selling this idea requires clearly articulating why
                     this is a rational path for the organization (e.g., our core competencies
                     could leverage this solution, the technology is just now mature
                     enough, we can acquire technology company X, etc.). How it will
                     align with strategy or enable a complementary shift in strategy
                     must also be made clear. The network needs to get people excited
                     about this big technology opportunity by presenting an emotionally compelling
                     and positive benefits message that is both memorable and nonthreatening.

                  
                  
               
               

            
            
         
         
         
         
            
            
            New Technology Selection Criteria
               and Selection

            
            
            
            
            
               
               
               
               
               Organizations adopt emerging technologies
                  as appropriate for competitive advantage as fits their risk tolerance
                  levels and limited resources for technology investments. The process
                  involves determining selection criteria and then selecting the technology that
                  provides the best overall fit and value.

               
               
               
               
                  
                  New
                     Technology Selection Criteria

                  
                  
                  
                  Technology
                     selection criteria include competitive advantage, risk levels, feasibility, and
                     validation against requirements.

                  
                  
                  
                  
                     
                     
                     
                        
                        Competitive
                           Advantage
                        

                     
                     
                     
                     
                     Technology
                        can convey competitive advantage when it is

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Scarce. First-of-its-kind technology
                              and proprietary technology (protected by patent) are scarce. Competitors
                              do not possess this technology.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Difficult to move. The advantages
                              created by the technology can be captured by competitors only by
                              acquiring the organization and its technology.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Difficult to copy. The barriers
                              to competitors for developing the technology are high (e.g., skilled
                              resources/capital investment or the organization has a significant
                              head start on development). The technology security (both physical and
                              digital) makes it difficult to reverse-engineer, emulate, or steal.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Difficult to substitute. This
                              occurs usually because the cost of switching from present to comparable
                              technology is high due to barriers to adoption, including capital
                              investment or the need for underlying technologies, processes, or personnel.

                           
                           

                        
                        

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        Risk
                        

                     
                     
                     
                     
                     New technology is
                        vulnerable to risk. Risks must be identified and analyzed for impact and
                        probability of occurrence. In general, the risk level accepted needs
                        to be commensurate with the potential for reward, and it needs to
                        fall within the organization’s risk appetite (level of risk it is
                        willing to accept). Risks include the following:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           The technology project
                              could be poorly managed and cost far more than planned for, consume
                              too much time, or fail entirely after significant funds are sunk
                              into it.

                           
                           

                        
                        
                        
                        	
                           
                           
                           The
                              technology could fail to provide the envisioned level of benefits
                              due to misrepresentation on the part of the seller, misunderstanding
                              of actual requirements on the part of the buyer or seller, or poor
                              project implementation (e.g., underlying system, process, or HR
                              limitations that were not considered).

                           
                           

                        
                        
                        
                        	
                           
                           
                           A
                              change in market needs could wipe out the benefits of the technology
                              —for example, a growing desire for customized rather than identical
                              products.

                           
                           

                        
                        
                        
                        	
                           
                           
                           The
                              introduction of an even newer technology could negate the competitive advantages
                              (e.g., of speed or flexibility) that the investment promised.

                           
                           

                        
                        
                        
                        	
                           
                           
                           A
                              change in the external environment could make implementation impossible
                              or costly. For example, a change in regulations could require changes
                              to technology that reduce its benefits. Price increases for components,
                              maintenance, or software configuration could affect the benefit-cost
                              analysis.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Unintended
                              consequences could be created by the technology. For example, the technology
                              could cause harm or long-term damage to workers or the environment, such
                              as use of a hazardous material. Processes should also be examined
                              to understand the effects of technology and job designs on worker
                              health and motivation. Jobs can be redesigned to provide more variety
                              and opportunities to acquire new skills; processes can be redesigned
                              to decrease repetitive stress injuries and to invite workers to
                              participate in improving processes.

                           
                           

                        
                        

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        
                        Feasibility
                        

                     
                     
                     
                     
                     
                     Feasibility tests
                        involve identifying hurdles to implementing the technology. Both financial
                        and organizational requirements are analyzed.

                     
                     
                     
                     Performing a benefit-cost
                        analysis is a key aspect of financial feasibility. This involves identifying
                        and comparing all relevant costs and benefits for each alternative
                        being considered. The basic analysis is to simply divide the total
                        benefits by the total costs; values over 1.0 will have greater benefits
                        than their costs. Costs that do not differ between alternatives
                        and prior investments (sunk costs) should be ignored. Costs include
                        initial investment, ongoing costs, and opportunity costs. Benefits
                        of the technology options need to be quantified in monetary terms
                        for this analysis. This can be challenging, since many benefits
                        will need to be estimated and may not be measurable, especially
                        before the decision needs to be made. Here are some examples of
                        cost and cost savings considerations:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           The
                              life cycle of a given technology (rate of obsolescence) can impact
                              financial reasonableness.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Manual
                              labor cost savings could be offset by investments in technology
                              staff.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Overhead
                              costs savings could be offset by a higher investment in the facility
                              and its equipment, which increases overhead related to capital expenditure
                              financing.

                           
                           

                        
                        
                        
                        	
                           
                           
                           When
                              variable costs are lower but fixed costs are higher (relative to
                              a lower technology option), it creates a risk/reward situation.
                              The risk is that there is a higher break-even point, but the reward
                              is that after the break-even point is reached, the profit margin
                              per unit is higher.

                           
                           

                        
                        
                        
                        	
                           
                           
                           The
                              cost of doing nothing can be substantial loss of market share or
                              organizational viability, so this needs to be considered in the
                              analysis.

                           
                           

                        
                        

                     
                     
                     
                     Advanced
                        financial analyses can take into account depreciation, net cash
                        flows, the time value of money, payback period, expected useful
                        life of the technology, and so on. For example, performing a benefit-cost
                        analysis of a piece of equipment factors in the initial price, the
                        cost of capital used to finance the purchase, maintenance and repair costs
                        (or service contracts), depreciation, and disposal—offset by the
                        monetary value of increased productivity or security, flexibility,
                        cycle-time or lead-time reduction, reduced material use, tax credits,
                        and resale value at the end of the equipment’s life.

                     
                     
                     
                     From an organizational
                        perspective, operations determines what will be required to implement
                        the technology and manage the change. Some of the organizational
                        issues will have implications in terms of costs, productivity, and
                        employee engagement.

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           The
                              learning curve required by the new technology affects productivity
                              and calculations of the payback period or the break-even point.
                              The ASCM Supply Chain Dictionary defines
                              the learning curve as follows:

                           
                           
                           
                           
                              
                              A
                                 curve reflecting the rate of improvement in time per piece as more
                                 units of an item are made. A planning technique, the learning curve
                                 is particularly useful in project-oriented industries in which new
                                 products are frequently phased in. The basis for the learning curve
                                 calculation is that workers will be able to produce the product
                                 more quickly after they get used to making it.

                              

                           
                           

                        
                        
                        
                        	
                           
                           
                           The
                              way the new technology is presented to the organization can accelerate
                              its eventual acceptance by the organization and can save costs related
                              to poor change management. These can include decreased productivity
                              and loss of employees frustrated by the new technology.

                           
                           

                        
                        

                     
                     
                     
                     Discussions about
                        the feasibility of new technology should involve employees whose work
                        will be affected by the technology. Including these employees in
                        early requirements discussions and in later considerations of potential
                        alternatives will leverage their daily and up-close experience with
                        the work. They may see issues and opportunities that are not apparent
                        to managers. In addition, having input into decisions will encourage
                        employees to “own” the technology decision. It will improve employee
                        engagement and increase employees’ acceptance of the new technology.

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        Validation Against Requirements
                        

                     
                     
                     
                     
                     Once technology
                        investments are determined to be feasible, it is important to circle back
                        to validate the solution against the requirements. For example,
                        will the technology support the attainment of the organization’s
                        priorities related to the generic strategic performance objectives?

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Quality. Does it create quality
                              attributes that customers may value? For example, certain machining
                              technology may create smoother surfaces or make materials less susceptible
                              to failure later. Does the technology decrease the rate of specification
                              nonconformance?

                           
                           

                        
                        
                        
                        	
                           
                           
                           Speed. Does the technology
                              shorten the processing time so that orders can reach customers more
                              quickly?

                           
                           

                        
                        
                        
                        	
                           
                           
                           Dependability. Does the technology
                              improve operations’ ability to deliver products/services as promised?
                              Does it decrease operations’ susceptibility to internal disruptions
                              and improve its resilience after disruptions?

                           
                           

                        
                        
                        
                        	
                           
                           
                           Flexibility. Does the technology
                              support meeting different types of market needs in an efficient
                              manner, allowing customization and configuration? Can it be easily adapted
                              to operations’ current capacity needs?

                           
                           

                        
                        
                        
                        	
                           
                           
                           Cost. Does the technology allow
                              greater throughput (which will increase profit)? Does it decrease
                              labor or materials costs?

                           
                           

                        
                        

                     
                     
                  
               
               
               
               
                  
                  Selection
                     of Technology

                  
                  
                  
                  
                  Similar
                     to the process described elsewhere for finding a new vendor, once
                     the organization knows what it wants, it can send out a request
                     for proposal (RFP) or an invitation to tender (ITT). A less-involved
                     process can be used for less-expensive investments. An alternative
                     is for the organization to develop the technology if this is feasible.

                  
                  
                  
                  Selection between alternatives will start
                     with a wide list of options. The organization will then work to
                     narrow it down to a short list of candidates that fit requirements, feasibility,
                     and other criteria. All bidders should be given access to the same information.
                     If one bidder asks a question, the answer should be provided to
                     all bidders. The final bidders can be given a chance to provide
                     a presentation or demonstrate the technology. The organization can
                     then negotiate for the best price, features, and so on. The winning
                     bidder will get the contract.

                  
                  
                  
                  Note that
                     it is better to have a vendor prove that a technology can satisfy
                     a given requirement than to take their word for it. For example,
                     rather than looking at a generic demonstration of shop floor scheduling
                     software, provide the vendor with a sample of actual shop floor
                     schedule data and have them prove that the software can incorporate
                     the data and properly prioritize work.

                  
                  
               
               

            
            
         
         
   
      
         
         
         
         Topic 2: Implementing
            and Maintaining Technologies

         
         
         
         
            
            
            Here we address
               technology’s implementation, cutover, and maintenance phases.

            
            

         
         
         
         
         
            
            
            Implementing
               Technology

            
            
            
            
            
               
               
               
               
               Organizations
                  are increasingly interested in implementing a supply chain digital transformation,
                  meaning that they are seeking to create a competitive advantage
                  by increasing their technology maturity level. This can include
                  automating processes not only within their own organization but
                  across supply chain partners. Digital supply networks help companies
                  boost profitability by

               
               
               
               
                  
                  
                  	
                     
                     
                     Increasing decision-making
                        speed

                     
                     

                  
                  
                  
                  	
                     
                     
                     Allowing
                        for better responses to changing market needs

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reducing
                        risk

                     
                     

                  
                  
                  
                  	
                     
                     
                     Increasing
                        top and bottom lines (reducing operating costs, increasing product quality,
                        enhancing sales effectiveness, resourcing or creating new development opportunities,
                        and generating strategic advantages).

                     
                     

                  
                  

               
               
               
               Note that the embrace
                  of technology within the supply chain is not without risk or resistance.
                  Even among companies willing to adopt cloud-based supply chain management
                  processes, there is still a desire to see concrete evidence of business benefits
                  and a reluctance to commit without full vendor and end-to-end support. Security
                  may be another top concern.

               
               
               
               These issues can manifest
                  as three of the main barriers to adopting supply chain innovations,
                  according to a 2018 MHI and Deloitte survey referenced by Pagano
                  in Technology in Supply Chain Management
                     and Logistics. These barriers are a lack of a clear business
                  case and return on investment, a lack of adequate skills and workforce, and
                  a lack of adequate capital to make investments.

               
               
               
               Note that barriers
                  for specific technologies may be different than the general barriers listed
                  above. Even facing those and other barriers, companies need to adopt
                  new technology to increase value across the supply chain. Those
                  that do so are the most likely to be successful over the long term.

               
               
               
               Implementing
                  major business changes, including new technologies, requires project management
                  experience and the use of proven project management methodologies. Project
                  management was discussed elsewhere as it relates to the engineer-to-order process,
                  but it is an essential tool for technology implementations or other
                  types of continuous improvements.

               
               

            
            
         
         
         
         
            
            
            Technology
               Cutover Plan

            
            
            
            
            
               
               
               
               
               Implementation
                  of technologies requires delivery, checking, and acceptance of hardware
                  and software, integration with existing systems, cutover from the
                  old system to the new system, hand-over of deliverables and documents
                  from the project team to operations professionals, formal user training,
                  and ongoing support and maintenance.

               
               
               
               Prior to cutover, all testing of the technology
                  that is possible prior to going live needs to have occurred. Users
                  need to be fully trained on new processes. All of these tasks are
                  accomplished using project management.

               
               
               
               The technology cutover plan details how the new
                  technology will be activated and put into operations and how the
                  old technology will be retired. The cutover from an old to a new
                  technology presents risk and so should feature formal planning.
                  Depending on the complexity, rehearsals may be needed.

               
               
               
               Determining the best technology cutover
                  method involves deciding between tradeoffs.

               
               
               
               One method is to set
                  a go-live date. The migration of data, switching of interfaces,
                  final testing, and going live occur on a tight schedule. Users start
                  using the new processes. The old system is retired. Hardware might
                  be installed and set up in advance if it will not occupy the same
                  space as the old hardware. This method can be efficient but has risks
                  of downtime (e.g., customers cannot use the system, plant shutdown,
                  etc.) if any critical task fails. Failure would involve backing
                  out of the plan and turning the old system back on, so the cutover
                  plan should have a process for this as well.

               
               
               
               A lower-risk but more-expensive method involves
                  fully maintaining the old technology or system during a cutover
                  period while the new technology is also being used. In the case
                  of software, data would need to be entered in both systems. The benefit
                  is that if something goes wrong, the old system is still usable.
                  The systems can also be compared to see if the same outputs are
                  achieved. However, this duplicates labor, and qualified staff may
                  not necessarily be available or may need to work overtime. In the
                  case of shop floor equipment, if there is space to keep an old system available
                  for use, this could serve as an alternate work center. Use of that
                  space is an opportunity cost.

               
               
               
               A third option is a
                  rolling cutover, where implementation occurs in phases, such as
                  at one site at a time if the technology needs to be implemented
                  at multiple sites. This method can allow the implementation team
                  to be smaller, because the same implementation and training staff
                  can move from site to site. It also reduces risk because a failure
                  will be localized and lessons learned from prior phases can improve the
                  process.

               
               

            
            
         
         
         
         
            
            
            Maintaining
               Technologies

            
            
            
            
            
               
               
               
               
               Systems must
                  be maintained so they can continue to properly work together. As technology
                  systems are updated, other systems that work with them may need
                  to be updated as well. This includes hardware in addition to software,
                  as certain updated programs may not be able to function on outdated
                  hardware that doesn’t meet performance specifications. Additionally,
                  ever-evolving security threats require continued updates to protect
                  against newly uncovered vulnerabilities.

               
               
               
               Maintaining technologies
                  involves designating responsibility for maintenance to specific
                  parties and individuals, setting maintenance policies and procedures, performing
                  maintenance per a schedule, and regularly reassessing maintenance requirements.
                  Reassessment is partially needed due to evolving maintenance requirements
                  as technology ages. This, along with the expected remaining useful
                  life of a given technology, can be used to help decide what technologies
                  need to be replaced and when.

               
               
               
               Some technologies will
                  be purchased and maintained by the organization, while others may
                  be leased and possibly maintained by the vendor. It is important
                  to determine who will be providing maintenance as part of the contracting
                  discussions with vendors, since this will impact ongoing costs and
                  staffing requirements. If the vendor will maintain the system, the
                  organization may not need certain job positions at all.

               
               
               
               For example, cloud
                  computing is the lease of a distributed database rather than investing
                  in database hardware, software, support staff, and so on. Leased
                  software is called software as a service (SaaS). In general, leasing
                  can drastically reduce the initial investment and implementation
                  time but will increase the ongoing cost relative to a purchase.
                  However, the cost of upgrades and maintenance will usually be the
                  vendor’s responsibility, and this may partially offset the higher
                  ongoing cost of the lease. Ending a lease will end the provision
                  of the service, however.

               
               
               
               For technologies that
                  will be maintained in-house, these roles need to be explicit, including
                  by ensuring that the maintenance role is listed in the job description.

               
               
               
               Once who will be maintaining technology is
                  clear, it is important to set maintenance policies and procedures
                  for the technology so that it will likely remain useful over its expected
                  life cycle. To monitor and control technology maintenance, policies
                  and procedures should

               
               
               
               
                  
                  
                  	
                     
                     
                     Emphasize the necessity
                        of developing and using testing protocols such as testing samples
                        for quality using specific sampling and testing procedures.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Enforce
                        restrictions on who can use existing technologies, their acceptable parameters
                        for use (e.g., for equipment longevity, worker safety, or customer privacy),
                        and specific checks and balances or controls on their use such as required
                        approvals for changes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Specify
                        a process for assessing usage impacts and tradeoffs related to the
                        current state of machine wear, the maintenance impact of different
                        configurations or rates of throughput, and so on to minimize risks
                        to existing technologies.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Develop
                        priority planning techniques and communication skills for technology maintenance
                        so that critical technology for ongoing operations (e.g., for a bottleneck
                        area) is maintained and any emergency situations get an immediate response.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Determine
                        maintenance schedules that minimize conflict with ongoing operations, including
                        by scheduling maintenance after operation hours or in conjunction
                        with changeovers. These policies will also require a communication
                        element between the person doing the maintenance and the operators.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Include
                        a process for carrying some replacement parts in stock, ordering
                        some replacement parts in advance of scheduled maintenance, and
                        ordering other parts only on demand. The process should have an
                        approval step for parts above a certain value.

                     
                     

                  
                  

               
               
               
               Assuming that the policies
                  and procedures are well designed, maintenance scheduling and execution
                  will be straightforward. There needs to be a system and process
                  for expediting emergency maintenance and repairs. Advanced training
                  in troubleshooting is important, since the cause of an unexpected
                  breakdown will not necessarily be obvious.

               
               
               
               As technologies age,
                  their maintenance requirements may change. Maintenance managers
                  can compile data on part breakdown rates and revise what parts are
                  kept in stock, for example. The expected remaining useful life of
                  a technology can also be updated. This information should be provided
                  not only to managers responsible for considering when and what technologies
                  to upgrade but also to the organization’s accounting function, who
                  can update depreciation rates.

               
               

            
            
         
         
   
      
         
         
         
         Topic 3: Technologies

         
         
         
         
            
            
            Here we first
               cover master data and data governance. Then we look at some common technologies
               used to enable manufacturing planning and control—enterprise resources
               planning (ERP), advanced planning and scheduling (APS), and other established
               technologies such as electronic data interchange (EDI) and decision support
               systems (DSS). Then we address emerging technologies, since these
               can be a source of competitive advantage.

            
            

         
         
         
         
         
            
            
            Master Data
               and Data Governance

            
            
            
            
            
               
               
               
               
               Here we address
                  the importance of properly managing the organization’s master data. Data
                  governance is an important oversight role, so this is also discussed.

               
               
               
               
                  
                  Master Data

                  
                  
                  
                  
                  
                  Master data refers to the core data of an organization
                     that contains the basic information required for that organization
                     to do business. This may include information regarding suppliers,
                     customers, products, and materials as well as account data. Managing
                     this requires the organization to work with the IT (information
                     technology) function to ensure that the data are accurate, complete, uniform,
                     and relevant and that the data are handled with integrity and accountability within
                     the organization and its partners.

                  
                  
                  
                  Master
                     data management is a method that allows an organization to keep
                     all of these essential data in a central database, which can be
                     referenced throughout the organization. It can streamline data sharing
                     across the organization, ensuring that required data are available
                     to the functions that rely on them on demand.

                  
                  
                  
                  Examples of master data may include material
                     masters, bills of material, routings, work centers, product hierarchies,
                     and quality specifications.

                  
                  
               
               
               
               
                  
                  Data
                     Governance

                  
                  
                  
                  
                  
                  Since enterprise
                     resources planning (ERP) serves the organization as a single source of data, it
                     allows information technology departments to manage the data to ensure accuracy,
                     such as by correcting errors and removing redundancies. Policies related to data
                     security and so on are called data governance. The ASCM Supply Chain Dictionary defines data
                        governance as “the overall management of data’s accessibility,
                     usability, reliability, and security. It is used to ensure data-record
                     accuracy.”

                  
                  
                  
                  While all parts of an ERP
                     system need to ensure data record accuracy, from a manufacturing perspective,
                     maintaining the integrity of the data used for manufacturing planning and
                     control is often considered the difference between a successful and a failed ERP
                     implementation. The adage “garbage-in, garbage-out” (GIGO) expresses the fact
                     that a fast system with poor inputs will have nonsensical outputs and just help
                     make erroneous decisions faster.

                  
                  
                  
                  Data governance also includes securing sensitive data and ensuring that access
                     is restricted to role-appropriate views of the information. (For example, the
                     human resources function can view salaries, but other users cannot.) Securing
                     data while sharing agreed-upon information with outside parties is another
                     advancement of modern ERP systems.

                  
                  
                  
                  A downside to this highly developed system is that if the organization chooses
                     to reengineer its business processes (e.g., to lean manufacturing), it may be
                     cost-prohibitive to update the transactional ERP system. Updates to new versions
                     of ERP software can be very expensive and time-consuming. Some newer versions of
                     ERP software are hosted online on a cloud as software as a service so that
                     updates can be managed directly by the vendor in exchange for an ongoing
                     lease.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Enterprise Resource Planning

            
            
            
            
            
               
               
               
               
               Many
                  organizations use an enterprise resources planning system. It is
                  a distinctive technology because of its broad scope—integrating
                  the entire organization, not just operations. Enterprise resource planning (ERP) is
                  defined in the ASCM Supply Chain Dictionary as
                  follows:

               
               
               
               
                  
                  Framework
                     for organizing, defining, and standardizing the business processes necessary
                     to effectively plan and control an organization so the organization
                     can use its internal knowledge to seek external advantages. An ERP
                     system provides extensive databanks of information including master
                     file records, repositories of cost and sales, financial details,
                     analysis of product and customer hierarchies, and historic and current
                     transactional data.

                  

               
               
               
               The first part of
                  the definition shows that ERP is not just software but a set of
                  business processes for leveraging internal knowledge. ERP information
                  technology systems are used to support these planning processes.
                  The second part of the definition indicates that the system helps
                  the organization collect all of its data in one place so that it
                  can leverage this information to run every aspect of the business.
                  A centralized storage location is a key part of an ERP system. This
                  single source of data can reflect the impact of transactions from
                  every functional area of the organization in real time and avoids
                  problems like having multiple redundant records that are out of
                  sync. For example, the human resources function might update the
                  shop floor calendar to reflect the next year’s holiday schedule,
                  and the calendar would then be used to schedule production.

               
               
               
               An ERP system is
                  actually a suite of different modules that can seamlessly share information.
                  Data are entered, transformed, maintained, and stored in the ERP database.
                  The ERP modules extract the data they need to perform their planning, transaction,
                  and analysis tasks.

               
               
               
               Exhibit 8-23 illustrates
                  the types of planning functions an ERP system can provide.

               
               
               
               
                  Exhibit 8-23: ERP System Functionality[image: ../images/CPIMgraphic2-1g-t04-16.png]
               
               
               
               
               It is possible, but
                  very complex, to integrate the organization’s ERP with suppliers’ ERPs.

               
               
               
               
                  
                  Advantages
                     and Disadvantages of ERP

                  
                  
                  
                  Advantages of ERP systems include the following.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        They improve awareness
                           of how the organization’s pieces fit together, how performance in
                           one area affects other functions.

                        
                        

                     
                     
                     
                     	
                        
                        
                        They
                           increase the adoption of business planning processes, which increases
                           the organization’s and operations’ performance.

                        
                        

                     
                     
                     
                     	
                        
                        
                        They
                           support the concept of continuous improvement by providing managers
                           with access to performance data and analytical tools.

                        
                        

                     
                     
                     
                     	
                        
                        
                        They
                           improve the quality of communication with stakeholders, since more accurate
                           and timely information can be used in discussions.

                        
                        

                     
                     
                     
                     	
                        
                        
                        They
                           can provide ways to integrate supply chain partners and support
                           more efficient and flexible operations.

                        
                        

                     
                     

                  
                  
                  
                  For operations,
                     ERP can improve performance by providing data needed in production
                     planning activities and by increasing the efficiency, dependability, flexibility,
                     and quality of processes (e.g., purchasing, order tracking, revising schedules).

                  
                  
                  
                  ERP systems are expensive
                     and difficult to implement. They also represent significant risk
                     exposure if they are not designed for security and contingencies
                     (in case of temporary loss or disruption of the ERP). System upgrades
                     are also often very expensive when the level of changes are significant.

                  
                  
               
               
               
               
                  
                  ERP System Upgrades

                  
                  
                  
                  Existing, installed ERP systems periodically
                     go through system upgrades, including adding new modules, integrating
                     third-party add-ons, or upgrading to a new version. These projects
                     are significant and high risk, but it is important to understand
                     that ERP systems are not meant to be static in nature. They need
                     to evolve along with evolving business needs. Upgrades provide process
                     and performance improvements, but expectations need to be set that
                     this will likely be a large and ongoing effort.

                  
                  
               
               
               
               
                  
                  Use
                     of ERP for MRP

                  
                  
                  
                  
                  
                  
                  
                  To gain context for how organizations have gotten
                     to where they are today, it is important to understand how conventional
                     manufacturing and control systems have evolved over the decades.
                     This information provides the detail on the current strengths and
                     weaknesses of these systems. Manufacturing planning and control
                     is complex and involves tradeoffs and constraints in multiple areas,
                     so manufacturers above a certain size generally require an ERP system
                     or an equivalent.

                  
                  
                  
                  Exhibit 8-24 tells
                     the story of the evolution of material requirements planning (MRP)
                     to ERP.

                  
                  
                  
                  
                     Exhibit 8-24: Evolution from MRP to ERP[image: ../images/CPIMgraphic2-4b-t04-31.png]
                  
                  
                  
                  
                  MRP
                     systems started out decades ago from a manufacturing core. In the
                     beginning, the pressing need was for a way to efficiently balance
                     supply against demand—in other words, to provide manufacturing planning
                     and control.

                  
                  
                  
                  The
                     first iteration of manufacturing planning and control systems involved
                     open-loop MRP controlling the timing and release of materials into
                     a production process. These early systems made a simplifying assumption
                     that there was infinite capacity (thus the open loop). They established
                     a priority plan for when specific quantities of components would
                     be needed so purchasing and production planning could occur.

                  
                  
                  
                  The next iteration
                     was to add capacity checks at the master scheduling and MRP stages
                     to ensure feasibility, and this feedback loop defined the major
                     advancement of these systems, called closed-loop MRP. The Dictionary defines closed-loop MRP as follows:

                  
                  
                  
                  
                     
                     A
                        system built around material requirements planning (MRP) that includes
                        the additional planning processes of production planning (sales
                        and operations planning), master production scheduling, and capacity
                        requirements planning. Once this planning phase is completed and
                        the plans have been accepted as realistic and attainable, the execution
                        processes come into play. These include the manufacturing control
                        processes of input-output (capacity) measurement and detailed scheduling
                        and dispatching as well as anticipated delay reports from both the
                        plant and suppliers, supplier scheduling, and so on. The term closed-loop implies
                        not only that each of these processes is included in the overall
                        system but also that feedback is provided by the execution processes
                        so the planning can be kept valid at all times.

                     

                  
                  
                  
                  Closed-loop MRP
                     linked the production plan to the master production schedule at
                     an earlier stage of the manufacturing planning and control process.
                     The feedback loop provided information to MRP and production activity
                     control so planners and controllers could view and adjust start
                     dates, due dates, and quantities of work orders that were already
                     released. Closed-loop MRP provided data to the finance function
                     so it could calculate cost data and better perform financial accounting.

                  
                  
                  
                  Still, these systems
                     were not highly integrated with other functions. The third iteration,
                     manufacturing resource planning, further integrated production,
                     finance, and marketing. The Dictionary defines manufacturing resource planning (MRP
                        II) as follows:

                  
                  
                  
                  
                     
                     A method for the
                        effective planning of all resources of a manufacturing company. Ideally,
                        it addresses operational planning in units and financial planning
                        in dollars and has a simulation capability to answer what-if questions.
                        It is made up of a variety of processes, each linked together: business
                        planning, production planning (sales and operations planning), master
                        production scheduling, material requirements planning (MRP), capacity
                        requirements planning, and the execution support systems for capacity
                        and material. Output from these systems is integrated with financial
                        reports such as the business plan, purchase commitment report, shipping
                        budget, and inventory projections in dollars. Manufacturing resource planning
                        is a direct outgrowth and extension of closed-loop MRP.

                     

                  
                  
                  
                  MRP II allowed accurate
                     order promising. Marketing and production were able to collaborate
                     on a weekly or daily basis to adjust due dates or order quantities
                     to better reflect actual demand or adjust the priority plans to
                     reflect capacity shortages, first at the master production schedule
                     level and then at the material requirements planning level. Not
                     only did these systems increase the level of operational reporting
                     for better accounting; all transactions conducted by production,
                     marketing, and finance updated the same records and required these
                     functions to work together. For example, MRP II was the first iteration
                     that allowed sales and operations planning to arrive at a consensus
                     supply and demand plan.

                  
                  
                  
                  Starting
                     in the 1990s and evolving continuously ever since, organizational
                     software systems have come to be called enterprise resources planning
                     systems as they integrate more and more modules for different business
                     functions. ERP is a shared database where various departments can
                     coordinate formerly disconnected activities and provide a holistic
                     view of the impact of tradeoffs between the conflicting needs of the
                     various parts of the organization and the supply chain. As a result,
                     operations planning is based on best-of-breed business processes,
                     or templates within functional areas that are then integrated cross-functionally.

                  
                  
                  
                  ERP and the growth of
                     electronic methods of transmitting data such as electronic data interchange
                     allowed organizations to replace slow paper-based forms with rapid information
                     exchange, both internally and with their trading partners. Information thus
                     replaces inventory. Information on product demand received in a
                     timely fashion allows organizations to greatly reduce inventory
                     because the actual need is known sooner. This trend continues with
                     internet linkages between external organizations through ERP or
                     other advanced systems such as cloud-based applications that are hosted
                     remotely by vendors.

                  
                  
                  
                  ERP
                     systems provide organizations with

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Greater
                           visibility of financial and operational performance

                        
                        

                     
                     
                     
                     	
                        
                        
                        Adoption
                           of better, integrated business processes

                        
                        

                     
                     
                     
                     	
                        
                        
                        Improved
                           control of operations

                        
                        

                     
                     
                     
                     	
                        
                        
                        Better
                           communication and information exchange with customers

                        
                        

                     
                     
                     
                     	
                        
                        
                        Integration
                           with supply chains of customers and suppliers.

                        
                        

                     
                     

                  
                  
                  
                  However, one issue is
                     controversial. The adoption of standard business processes is necessary
                     to ensure that resource planning and control applications can record
                     and report data that provide greater visibility of financial and
                     operational performance. Some of these processes are seen as too
                     rigid and not appropriate for particular organizations. Custom programs
                     can be written to accommodate necessary variances in business processes
                     from those embedded in ERP templates of vendors, but these customizations
                     are costly to define, create, implement, and, above all, maintain.

                  
                  
                  
                  The ERP approach to
                     planning and control is appropriate in push production systems. In
                     push production, planning and control systems create detailed schedules,
                     based on forecasts of customer demand or actual customer orders,
                     to push a product through various resources, such as work centers,
                     to completion by a planned due date. Exhibit 8-25 shows
                     what the functionality of ERP allows the system to do.

                  
                  
                  
                  
                     
                     
                     

                     
                     
                     
                     
                     
                        
                        Exhibit 8-25: ERP Functionality
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            APS Systems

            
            
            
            
            
               
               
               
               
               In intermittent
                  manufacturing processes, work center scheduling is complicated by many
                  products with different routings queuing for available capacity
                  at specific work centers. Semi-finished goods often move to storage
                  after an operation to await the availability of capacity at the
                  next work center. Lead times can be lengthy, and work-in-process
                  accumulates. One method that can be used to improve results in complex manufacturing
                  systems is an advanced planning and scheduling system.

               
               
               
               The ASCM Supply Chain
                     Dictionary defines advanced planning and
                     scheduling (APS) as follows:

               
               
               
               
                  
                  Techniques
                     that deal with analysis and planning of logistics and manufacturing during
                     short, intermediate, and long-term time periods. APS describes any computer
                     program that uses advanced mathematical algorithms or logic to perform optimization
                     or simulation on finite capacity scheduling, sourcing, capital planning, resource
                     planning, forecasting, demand management, and others. These techniques simultaneously
                     consider a range of constraints and business rules to provide real-time
                     planning and scheduling, decision support, available-to-promise,
                     and capable-to-promise capabilities. APS often generates and evaluates
                     multiple scenarios. Management then selects one scenario to use
                     as the “official plan.” The five main components of APS systems
                     are (1) demand planning, (2) production planning, (3) production
                     scheduling, (4) distribution planning, and (5) transportation planning.

                  

               
               
               
               Advanced planning and
                  scheduling may also be called an advanced planning system.

               
               
               
               APS simultaneously
                  plans and schedules production based on available materials, labor,
                  and plant capacity. It takes into account both business constraints
                  and parameters to provide real-time planning and scheduling, decision
                  support, and available- and capable-to-promise capabilities by generating
                  multiple scenarios for consideration by management. It indicates
                  whether the master production schedule is optimal.

               
               
               
               As noted in the
                  definition, the main components of APS systems are

               
               
               
               
                  
                  
                  	
                     
                     
                     Demand planning

                     
                     

                  
                  
                  
                  	
                     
                     
                     Production planning

                     
                     

                  
                  
                  
                  	
                     
                     
                     Production scheduling

                     
                     

                  
                  
                  
                  	
                     
                     
                     Distribution planning

                     
                     

                  
                  
                  
                  	
                     
                     
                     Transportation planning.

                     
                     

                  
                  

               
               
               
               The key differences
                  between the rough-cut capacity planning (RCCP) approach and the
                  APS approach are listed in Exhibit 8-26.
                  Many of these differences reflect the broader scope and functionality
                  of APS.

               
               
               
               
                  
                  
                  

                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 8-26: Capacity Planning Comparison
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               When used to the
                  full extent of its capabilities, APS can

               
               
               
               
                  
                  
                  	
                     
                     
                     Improve throughput
                        times

                     
                     

                  
                  
                  
                  	
                     
                     
                     Improve delivery times

                     
                     

                  
                  
                  
                  	
                     
                     
                     Optimize inventory levels

                     
                     

                  
                  
                  
                  	
                     
                     
                     Show better utilization rates
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                     Improve sequencing for setup efficiency.

                     
                     

                  
                  

               
               
               
               
                  
                  APS
                     Process

                  
                  
                  
                  It
                     would be misleading to limit the discussion of APS to its role in
                     production capacity planning. Exhibit 8-27 is
                     a simplified diagram that visualizes the role that APS—as a process
                     and a system—occupies between the demand and supply planning side
                     of manufacturing planning and control (MPC) and its enterprise resources
                     planning (ERP) support system and manufacturing execution activities
                     and systems. As seen in the exhibit, APS uses a holistic, optimization-based
                     approach to operations and supply chain planning. This approach
                     gives APS more leverage in integrating the customer service, inventory,
                     efficiency, and financial objectives of the business.

                  
                  
                  
                  
                     Exhibit 8-27: APS Process Flow[image: ../images/CPIMgraphic2-2c-t03-22.png]
                  
                  
                  
                  
                  Using
                     the exhibit as a road map, let’s look at the APS process flow details.
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                     APS inputs to manufacturing execution:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Optimized schedules
                              validated for capacity for multiple factories
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                        Outputs
                        

                     
                     
                     
                     APS outputs to
                        MPC/ERP:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Data used to optimize
                              S&OP

                           
                           

                        
                        

                     
                     
                     
                     APS
                        outputs to manufacturing execution:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Allocation and monitoring of resources

                           
                           

                        
                        
                        
                        	
                           
                           
                           Short-term plant schedules to control assembly
                              lines

                           
                           

                        
                        
                        
                        	
                           
                           
                           Dispatching/managing the movement of materials
                              and goods

                           
                           

                        
                        
                        
                        	
                           
                           
                           Identification of capacity constraints;
                              collection or reporting of data on labor, quality, and work completion
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                     When organizations
                        use an APS, benefits can include reduced costs, improved product margins,
                        lower aggregate inventory levels, and higher throughput than if
                        just master scheduling and MRP were used.

                     
                     
                  
               
               
               
               
                  
                  APS
                     Planning/Scheduling Techniques

                  
                  
                  
                  
                  APS
                     uses various planning and scheduling techniques to achieve the most
                     efficient flow, including finite capacity planning, forward and
                     backward scheduling, and constraint-based scheduling.

                  
                  
                  
                  Finite capacity planning
                     is a method of planning production that assumes that the available
                     capacity is a defined constant. Forward scheduling involves taking
                     a job with a number of tasks and allocating those tasks to resources
                     as early as possible when resources allow. Backward scheduling involves
                     taking a job with a number of tasks and allocating those tasks to
                     resources in reverse order. It requires a delivery date from the
                     customer.

                  
                  
                  
                  Constraint-based
                     scheduling separates the model (activities, resources, constraints, objectives)
                     from the algorithms that solve the problem. This separation enables
                     the reuse of the models for other tasks such as simulation, planning,
                     and diagnosis. With the speed of computers, organizations can embed
                     and run constraint-based schedulers online and in real time.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Other Established
               Technologies

            
            
            
            
            
               
               
               
               
               Here we address two
                  established technologies that help enable supply chains to operate
                  successfully: electronic data interchange and decision support systems.

               
               
               
               
                  
                  Electronic Data Interchange

                  
                  
                  
                  
                  Enterprise resources planning systems
                     are integrating more and more modules for different business functions,
                     including human resources, research and development, logistics (transportation
                     and distribution), and others. From a manufacturing perspective,
                     a key advancement has been the further integration of the requirements and
                     transactions of upstream suppliers and downstream distribution centers
                     and customers using electronic data
                        interchange (EDI). The ASCM
                        Supply Chain Dictionary defines this as “the paperless (electronic)
                     exchange of trading documents, such as purchase orders, shipment
                     authorizations, advanced shipment notices, and invoices, using standardized
                     document formats.”

                  
                  
                  
                  For
                     example, orders from a distribution center for resupply now go through
                     a distribution requirements planning module, and these orders are
                     automatically included in the plant’s gross requirements for master
                     scheduling. Use of EDI has led to the creation and use of master
                     data.

                  
                  
               
               
               
               
                  
                  Decision Support Systems

                  
                  
                  
                  
                  The Dictionary defines a decision support system (DSS) as
                     “a computer system designed to assist managers in selecting and
                     evaluating courses of action by providing a logical (usually quantitative)
                     analysis of the relevant factors.” Decision support systems help
                     institutionalize organizational knowledge. Management can analyze alternatives
                     and make more informed business decisions and prevent problems before
                     they occur.

                  
                  
                  
                  These
                     tools draw data from other systems, for example, enterprise resources planning,
                     advanced planning and scheduling, and manufacturing execution systems. The
                     DSS filters data to reduce the quantity to a manageable amount of
                     meaningful and relevant information and loads it into a model that
                     can arrange the data to reveal patterns. It may suggest actions
                     and validate the results of a decision.

                  
                  
                  
                  A DSS can be used to improve the efficiency
                     of processes, identify and correct faults, and validate planning
                     decisions.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Emerging Technologies

            
            
            
            
            
               
               
               
               
               Emerging technologies
                  are constantly changing in design, use, and capabilities. The technologies
                  described here include cloud computing, artificial intelligence,
                  machine learning, data analytics, blockchain, the Internet of Things,
                  sensors, telematics, 3D printing, wearable technology, augmented
                  reality, robotic process automation, autonomous/automated guided
                  vehicles, and drones.

               
               
               
               
                  
                  Cloud
                     Computing

                  
                  
                  
                  
                  
                  As defined in the ASCM Supply Chain Dictionary,
                     cloud computing is “an emerging way of
                     computing in which data is stored in massive data centers that can be accessed
                     from any computer connected to the internet.” Cloud computing is a distributed
                     set of servers, databases, applications, and networks that provide online access
                     to these virtual resource pools as leased platforms, data storage space, or
                     applications. Rather than storing data on a particular database’s hardware, for
                     example, a cloud solution does not permanently designate space to any one client
                     or use but instead allocates it on a floating basis to enable flexibility in
                     expanding or contracting based on needed capacity. This makes the systems
                     efficient.

                  
                  
                  
                  Cloud applications are accessed on a web
                     browser and are offered as leased solutions through software as a service
                     (SaaS). For example, rather than purchasing a transportation management system,
                     the software could be leased, which, in addition to providing the basic
                     functions, could be integrated with traffic data and so on. Such solutions can
                     greatly reduce implementation and upgrade costs and speed time to value (through
                     immediate access without needing a project). The vendor automatically upgrades
                     the software seamlessly. Supply chain partners can easily sign up for the same
                     service and participate to gain real-time visibility into demand or supply
                     issues. There are also procurement networks that enable buyers and sellers to
                     find each other and to automate their transactions.

                  
                  
                  
                  Similarly, organizations can eliminate their owned platforms
                     or infrastructure and lease platform as a service (PaaS) or infrastructure as a
                     service (IaaS). SaaS providers may be PaaS customers, and PaaS providers may be
                     IaaS customers.

                  
                  
                  
                  Cloud computing
                     downsides include the ongoing lease cost, the fact that ending the lease ends
                     the service, the risk of internet failure restricting access, and the risk of
                     the organization’s sensitive data being in the hands of a third party. These
                     systems tend to have good protections, however, including backing up data in
                     more than one geographic location. Another issue to explore is system response
                     times. Warehouse management systems are slow to migrate to SaaS in part due to
                     the fast response time needed for materials handling or connecting to
                     terminals.

                  
                  
               
               
               
               
                  
                  Artificial Intelligence, Machine Learning,
                     and Data Analytics

                  
                  
                  
                  
                  
                  
                  Artificial
                     intelligence (AI) is advanced software capable of self-improvement.
                     Machine learning is software that mimics human decision making.
                     It relies on preset logic, policies, and controls. Decision support
                     systems are an example. Data analytics is the processing and manipulation
                     of large amounts of data (called “big data” when the amount of data
                     and processing required is very large) from multiple sources to generate
                     useful insights and actionable information.

                  
                  
                  
                  These
                     types of systems are becoming better and better at pattern detection
                     such as for fraud or bottlenecks. They support continuous process
                     improvement through optimization algorithms, for example, for optimization
                     of distribution networks, inventory levels, picking and shipping
                     order, and marketing promotions. Promotions could even be customized
                     to specific customer segments or adapt to demand changes on an hourly
                     basis.

                  
                  
                  
                  Advanced types of data analytics
                     such as predictive analytics rely on AI or machine learning to predict
                     things like equipment maintenance requirements. This can help reduce
                     excess parts inventory and improve equipment longevity. It can also
                     help predict the best locations for positioning maintenance staff.
                     Similar systems can help allocate resources for manufacturing or
                     service provision.

                  
                  
               
               
               
               
                  
                  Blockchain

                  
                  
                  
                  
                  Blockchain
                     is a distributed ledger that uses advanced mathematical processing
                     to ensure that the versions remain identical, thus preventing record
                     alteration. It allows multiple parties to participate without needing
                     to rely on an intermediary. It is most famous for being the technology
                     behind cryptocurrencies, but it has numerous supply chain applications,
                     including smart contracts, chain of custody, and supply chain data (e.g.,
                     temperature recording in cold chain, pharmaceutical tracking). Blockchain
                     is discussed more elsewhere in these materials.

                  
                  
               
               
               
               
                  
                  Internet of Things (IoT)

                  
                  
                  
                  
                  As
                     defined in the Dictionary, the Internet of Things (IoT) is “an
                     environment in which objects, animals or people are provided with
                     unique identifiers and the ability to transfer data over a network
                     without requiring human-to-human or human-to-computer interaction.
                     This allows objects to be sensed and controlled remotely across existing
                     network infrastructure, creating opportunities for more direct integration between
                     the physical world and computer-based systems.” The IoT describes
                     the networking of non-computer devices such as equipment, drones,
                     automated storage and retrieval systems, shipping containers, electronic
                     shelving (automatic retail price updates), printers, and other devices
                     using internet communications. Such devices can update the organization’s
                     information systems on their status, sensor readings, maintenance
                     needs, and location. They can be used alongside interactive fleet management
                     software to direct or redirect shipping vehicles or with blockchain
                     to provide very reliable chain-of-custody information for devices
                     or their cargo. However, universal standards for device security
                     still do not exist. There is a risk that these devices can be hacked
                     to gather information or to use the devices for nefarious purposes
                     such as creating a denial-of-service attack using many IoT devices simultaneously.

                  
                  
               
               
               
               
                  
                  Sensors and Telematics

                  
                  
                  
                  
                  
                  Sensors
                     and telematics are remote sensing and remote control technologies
                     that rely on photosensors, radio frequency identification (RFID),
                     lasers, and so on to provide automated data capture and control
                     from a remote control center.

                  
                  
                  
                  Sensors
                     and telematics can provide process visibility and automation to
                     a greater range of industries than in the past. In addition to improving
                     internal systems, data from such systems can be shared with supply
                     chain partners to better balance supply and demand and manage inventory
                     levels. For example, an automated barcode scanner or RFID sensor
                     on a conveyor belt can scan goods as they pass by. These technologies
                     also help with asset utilization, such as indicating when a vehicle
                     is idle versus in use. Driving habits can also be assessed. Data
                     analytics or big data systems may be needed to create useful information
                     out of the data from multiple sources. The information can be presented
                     on interactive dashboards or other simplified interfaces.

                  
                  
               
               
               
               
                  
                  3D Printing

                  
                  
                  
                  
                  3D printing
                     is printing on demand of 3D objects based on 3D digital models,
                     typically by adding a material such as plastic or metal one layer
                     at a time. It can be used for on-demand manufacturing at the point
                     of demand, such as for replacement parts or items with uncertain
                     demand that would not benefit by being kept in inventory. The lack
                     of need to ship the item can provide sustainability benefits. This
                     type of make-to-order technology may find applications in aerospace,
                     medical devices, defense, automotive, and consumer products.

                  
                  
                  
                  A key application of 3D printing is rapid
                     prototyping, since any 3D design can be printed and become a real
                     object that can be experienced.

                  
                  
               
               
               
               
                  
                  Wearable Technology and Augmented Reality

                  
                  
                  
                  
                  
                  Wearable technology includes a
                     variety of hands-free devices that are integrated into information
                     systems (e.g., warehouse management systems) to enable visual or
                     voice- or gesture-based interactions rather than requiring keyboard
                     entry or delayed entry of data. Many such systems exist for warehouse
                     picking and put-away (e.g., pick-to-voice). These systems reduce
                     errors and increase worker efficiency. The systems also leave the
                     hands free to enable physical movements of goods and so on.

                  
                  
                  
                  Augmented reality (AR) is a feature of
                     vision-based wearable technology that overlays instructions or graphics
                     on top of normal vision to provide interactive guidance. Smart glasses
                     and heads-up displays in vehicles are examples.

                  
                  
                  
                  Issues with smart glasses include how to
                     accommodate people who wear glasses and how to secure information
                     accessed on such devices. Issues with wearable technology in general
                     include the battery life of the systems.

                  
                  
               
               
               
               
                  
                  Robotic Process Automation

                  
                  
                  
                  
                  Robotic
                     process automation (RPA) does not refer to actual robots such as
                     those used in a plant but instead to the use of software “bots”
                     to automate repetitive interactions with customers or with other
                     automated systems. This includes interactions with customers or
                     third parties such as responses to frequently asked questions or
                     service inquiries. It can take the form of automated emails, texts,
                     or online chat functions.

                  
                  
                  
                  The primary
                     benefit is a large reduction in customer service labor costs. The
                     primary issue is that such systems are not as good as a real person
                     and some customers may be dissatisfied. Some issues will still need
                     to be escalated to a real person.

                  
                  
               
               
               
               
                  
                  Autonomous and Automated Guided Vehicles

                  
                  
                  
                  
                  Autonomous
                     vehicles include self-driving cars and semis, but such vehicles
                     still face regulatory hurdles. The primary supply chain management
                     use of automated vehicles at present is in automated guided vehicle
                     systems. The Dictionary defines automated guided vehicle system (AGVS) as
                     “a transportation network that automatically routes one or more
                     material handling devices, such as carts or pallet trucks, and positions
                     them at predetermined destinations without operator intervention.”

                  
                  
                  
                  AGVS is used in manufacturing and warehousing.
                     The devices navigate using markers, wires, vision sensors, radio
                     frequency communications, and so on. Amazon uses AGVS robots to
                     move warehouse freight to the pickers rather than vice versa. These
                     systems reduce labor costs, help control inventory, improve worker
                     safety, enhance efficiency, and use less energy. Selection should
                     be based on requirements and cost, but there are many varieties,
                     so there should be a flexible solution to a given materials-handling issue.
                     Such systems may include real-time communication anywhere, GPS,
                     and various types of sensors.

                  
                  
                  
                  The primary
                     issue with such technology is its cost, though this has been falling
                     over the years. Most systems have a payback period in the range
                     of two years, according to Technology
                        in Supply Chain Management and Logistics. Another issue is the
                     time required for the implementation project, which the same source
                     says can range from six months to a year.

                  
                  
               
               
               
               
                  
                  Drones

                  
                  
                  
                  
                  Drones
                     are autonomous or remote-controlled aircraft with sensor packages.
                     While drones have significant potential, current uses include tracking
                     assets in yards, performing inventory counts, pipeline inspection,
                     or inspection of difficult-to-access areas. Drones face significant
                     regulatory restrictions on their use.

                  
                  
               
               
               
               
                  
                  Summary

                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  The emerging technologies are
                     summarized in Exhibit 8-28.

                  
                  
                  
                  
                     
                     
                     

                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 8-28: Emerging Technologies
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Technology

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Description

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Uses

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Cloud computing

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    A
                                       distributed set of servers, databases, applications, and networks
                                       that provide online access to virtual resource pools as leased platforms,
                                       data storage space, or applications (e.g., a collaborative sourcing network
                                       for procurement). There are three classifications of cloud computing:
                                       software as a service (SaaS), platform as a service (PaaS), and
                                       infrastructure as a service (IaaS). Benefits of cloud computing
                                       include capital investment savings, faster return on investment,
                                       and more cost-effective upgrading of processes.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Outsourcing
                                       of non-core IT infrastructure with lower implementation costs, faster
                                       time to value, vendor-managed automatic upgrades, and supply chain
                                       partner participation for real-time visibility.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Artificial intelligence
                                       (AI) and machine learning

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Advanced
                                       software capable of self-improvement (AI) or mimicking human decision
                                       making (machine learning). Machine learning relies on preset logic, policies,
                                       and controls.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Predictive
                                       analytics, decision support systems, pattern detection (e.g., fraud, bottlenecks),
                                       and continuous process improvement through optimization algorithms
                                       (e.g., inventory optimization).

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Blockchain

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    A
                                       distributed ledger that uses advanced mathematical processing to
                                       ensure that the versions remain identical to allow multiple participants
                                       while preventing record alteration. It does not require a central system
                                       to be shared and relies on cryptographic keys to ensure privacy
                                       and integrity.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Cryptocurrencies,
                                       smart contracts, chain of custody, and supply chain data (e.g.,
                                       temperature recording in cold chain, pharmaceutical tracking).

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Internet of Things (IoT)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Equipment,
                                       drones, automated storage and retrieval systems, shipping containers, electronic
                                       shelving (automatic retail price updates), printers, and other devices
                                       with internet communications that can update their status and location.
                                       Risk of hacking exists.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Location
                                       tracking, chain of custody, other data updating, maintenance needs,
                                       and maintenance records.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Sensors
                                       and telematics

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Remote
                                       sensing and remote control technologies that use photosensors, radio frequency
                                       identification (RFID), lasers, and so on to provide automated data
                                       capture and control from a remote control center.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Process
                                       automation, barcode scanning, RFID sensing, asset tracking, item
                                       or vehicle rerouting, asset utilization, and end-to-end monitoring
                                       of shipments.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    3D
                                       printing

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Printing
                                       on demand of 3D objects based on 3D digital model, typically by
                                       adding a material such as plastic or metal one layer at a time.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Rapid
                                       prototyping, make-to-order for items with low demand (especially
                                       in aerospace, medical, defense, automotive, and consumer products), and
                                       manufacturing at point of demand.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Wearable technology/ augmented reality
                                       (AR)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Hands-free
                                       devices integrated into information systems (e.g., warehouse management
                                       systems), including smart glasses that feature AR. AR overlays instructions
                                       or graphics on top of normal vision to provide guidance.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Directed
                                       warehouse picking and put-away (location and item data for fewer errors
                                       and more efficient routes) and smart phone extensions.

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Robotic process automation (RPA)

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    RPA
                                       does not refer to actual robots such as those used in a plant but
                                       instead to use of software “bots” to automate repetitive interactions
                                       with customers or other automated systems.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Customer
                                       or third-party contact such as automated emails, responses to frequently
                                       asked questions or service inquiries, or automated chat functions (all
                                       of which reduce labor costs).

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Autonomous vehicles

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Vehicles
                                       for use in manufacturing or warehousing that navigate using markers, wires,
                                       vision sensors, etc.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Materials
                                       handling, work-in-process movement, picking, and put-away (reduces
                                       labor, controls inventory, and improves safety and efficiency).

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Drones

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Unmanned
                                       aircraft with sensor packages. Drones face significant regulatory restrictions.

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Tracking
                                       assets in yards, pipeline inspection, or inspection of difficult-to-access
                                       areas.

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               

            
            
         
         
   
      
         
         
         
         Section C: Continuous
            Improvement

         
         
         
         
            
            
            
            
            
               After completing this section,
                  students will be able to
               

            
            
            
            
               
               
               	
                  
                  
                  Explain how cross-functional teams work
                     together and use quality tools to analyze and improve processes

                  
                  

               
               
               
               	
                  
                  
                  Explain
                     the purpose and benefits of an operations improvement strategy and
                     a knowledge management system

                  
                  

               
               
               
               	
                  
                  
                  Describe
                     the impact of lean production principles for process improvements, including
                     eliminating waste, improving throughput, and reducing inventory

                  
                  

               
               
               
               	
                  
                  
                  Describe
                     lean tools, including value stream mapping, pull systems, reducing
                     setup time, total productive maintenance, scrum, and A3 problem
                     solving

                  
                  

               
               
               
               	
                  
                  
                  Define
                     the motivational and developmental tools of employee involvement
                     and empowerment, performance appraisals, rewards, worker self-control,
                     and job enlargement, enrichment, and rotation.

                  
                  

               
               
               
               	
                  
                  
                  Analyze
                     root causes and solve problems using tools such as six sigma, DMAIC,
                     the plan-do-check-action cycle, brainstorming, and more

                  
                  

               
               
               
               	
                  
                  
                  Describe
                     the role and process of benchmarking

                  
                  

               
               
               
               	
                  
                  
                  Design
                     work areas to be efficient and effective using tools such as standardized work,
                     takt time, visual techniques, the five Ss, and more

                  
                  

               
               
               
               	
                  
                  
                  Control
                     process variation using statistical process control, control charts, statistical
                     quality control, and process capability analysis.

                  
                  

               
               

            
            
            
            Continuous improvement is improvement in
               small, manageable steps that can be undertaken without significantly
               disrupting operations. This section addresses why continuous improvement
               should be a regular activity and how to ensure that improvements
               are incorporated into regular operations. It also addresses improving the
               workforce, analyzing root causes, and solving problems. Lean concepts
               and tools to reduce waste and improve workflows are addressed, including
               how to properly design work areas.

            
            

         
         
         
         
   
      
         
         
         
         Topic 1: Continuous
            Improvement Strategies

         
         
         
         
            
            
            Here we define
               continuous improvement and discuss ways organizations incorporate it
               in their strategies. We address both continuous product improvement
               and continuous process improvement. Some organizations spend more
               effort on developing this capability than others, so continuous
               improvement maturity levels are also covered. We then address commonalities
               between continuous improvement methodologies and conclude with a
               discussion of knowledge management.

            
            

         
         
         
         
         
            
            
            Continuous
               Improvement

            
            
            
            
            
               
               
               
               
               The operations improvement
                  strategy provides the basis for funding operations changes aimed
                  at specific goals such as greater resiliency or more innovation.
                  This improved performance changes the nature of operations’ role
                  within its organization.

               
               
               
               The operations
                  improvement strategy will likely have a strategy for major improvements
                  or reengineering that requires capital investment, project management,
                  and so on as well as a strategy for continuous improvement. Both
                  types need to be aligned with organizational strategy. However,
                  the focus here is on continuous improvement.

               
               
               
               The ASCM Supply Chain Dictionary defines continuous improvement (CI) as
                  “the act of making incremental, regular improvements and upgrades
                  to a process or product in the search for excellence.” As the definition
                  states, continuous improvement can apply to products or to processes.
                  When it is applied to process improvement, it can be called continuous process improvement (CPI),
                  which the Dictionary defines
                  as “1) A never-ending effort to expose and eliminate root causes
                  of problems. 2) Small-step improvement as opposed to big-step improvement.”

               
               
               
               The Japanese term
                  “kaizen” means continuous improvement, and it refers to focused improvements
                  that can be conducted as part of ongoing operations and can show results
                  quickly, such as within a week or two.

               
               
               
               Probably the greatest
                  advantage of continuous improvement is that it becomes part of an
                  organization’s infrastructure, the explicit and implicit policies
                  and practices that support an organization’s business strategy.
                  Operations begins to look at its processes as always improvable.
                  How does it align this philosophy to its performance objectives and
                  to the realities of limited resources?

               
               
               
               First,
                  it determines where the organization currently is at by setting
                  baseline measures so the amount of improvement from a change will
                  be measurable. Baseline measures are
                  defined in the Dictionary as
                  follows:

               
               
               
               
                  
                  A
                     set of measurements or metrics that seeks to establish the current
                     or starting level of performance of a process, function, product,
                     firm, or other entity. Baseline measures are usually established
                     before implementing improvement activities and programs.

                  

               
               
               
               Here we discuss the objectives of continuous
                  improvement and how continuous improvement needs to align with and
                  support strategy. Then we go over continuous product and process
                  improvement methods and conclude with a discussion of continuous
                  improvement organizational maturity levels.

               
               
               
               
                  
                  Continuous Improvement Objectives

                  
                  
                  
                  General objectives
                     of any type of continuous improvement are to make the product or the
                     process more effective (do the right things) and/or efficient (do
                     the things right). These objectives can be expressed as improving
                     quality and productivity and eliminating waste. The end results,
                     therefore, can include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Better
                           quality and thus higher customer satisfaction and perhaps greater
                           market share

                        
                        

                     
                     
                     
                     	
                        
                        
                        Reducing
                           cost and thus increasing profits

                        
                        

                     
                     
                     
                     	
                        
                        
                        Removing
                           waste in the form of unneeded product features, services, or process steps,
                           thus getting more done with existing resources and avoiding the
                           need for additional capital investments.

                        
                        

                     
                     

                  
                  
                  
                  Rather than just being
                     nice to do, continuous improvement is necessary for competitive
                     survival, because competitors will also be improving their products
                     and features, processes, and services. Production and inventory
                     control professionals who add to the bottom line in terms of more
                     customers or better profit margins will be seen as indispensable
                     contributors to value.

                  
                  
               
               
               
               
                  
                  Continuous Improvement and Strategy

                  
                  
                  
                  
                  Even though continuous improvement
                     is small-scale change, the changes from multiple rounds can result
                     in significant changes to operations. Therefore, it is important
                     for continuous improvements to be aligned with the organization’s
                     strategy and tactics. Management at the strategic, tactical, and
                     operational levels emphasizes the importance of setting goals and
                     measuring results. In addition to ensuring that activities remain
                     focused on the organization’s goals, regular measurement is the
                     key to knowing where to focus continuous improvements, which becomes
                     the continuous improvement strategy. The overall goal should be
                     to improve competitive performance by identifying ineffective tactics
                     and suboptimal performance. Tactics can then be revised, and performance
                     can be improved.

                  
                  
                  
                  Continuous
                     improvement is aimed at producing incremental improvements—for example,
                     changing materials to reduce defects or giving a worker authority
                     to order supplies directly. This approach has the benefits of usually
                     requiring less capital investment and less risk than breakthrough
                     improvements or reengineering. The objectives can be specific and
                     more easily understood by employees. Since the effects of the changes
                     are more limited, the changes can be monitored and reversed quickly
                     if necessary.

                  
                  
                  
                  Continuous
                     improvement responds to the results of the performance measurement process,
                     which compares actual to target performance at regular intervals. Measurement
                     can identify processes that are out of control or not within the
                     accepted range of outcomes. Processes that are under control are
                     more cost-effective and produce fewer customer service and quality
                     issues. They can also improve employee morale, since quality processes
                     are less stressful and provide a greater sense of accomplishment.

                  
                  
                  
                  Continuous improvement
                     is not guaranteed to occur, however. Organizations that want to
                     use continuous improvement in the areas discussed in this course
                     typically make this part of the expectations for planning and inventory
                     management roles. These roles may need to fight to get funding and
                     time to work on continuous improvement on a regular basis. Unlike
                     major improvement projects that have dedicated staff and budgets,
                     the urgency of daily operations could get in the way of these improvements.
                     Managers may also need funds to implement identified improvements.

                  
                  
               
               
               
               
                  
                  Continuous Product Improvement

                  
                  
                  
                  
                  Continuous improvement
                     applied to products involves a cyclical process of determining market
                     requirements, designing the product and the production process, manufacturing,
                     selling, and then looping back to market requirements as customers react
                     to the product, for example, by expressing satisfaction or dissatisfaction. Feedback
                     also includes how well the product is selling relative to the competition. Analysis
                     of how features and quality are impacting the organization’s and competitors’
                     market shares can provide updated information on a product’s market qualifiers
                     and market winners. Market requirements can include price, features
                     to add or remove, services to offer or change, and requirements
                     for quality.

                  
                  
                  
                  Incremental
                     product improvements typically require planning and control at a
                     higher level than that provided by manufacturing planning and control,
                     because the stakeholders in product changes are numerous and changes
                     could impact multiple areas. Production and inventory control professionals
                     may be vital contributors to these changes.

                  
                  
                  
                  Manufacturing contributes production expertise
                     on improvements to products and manufacturing equipment designs
                     to ensure that production is efficient and effective. This could
                     include changes that would allow reductions in setup times or the
                     number of setups, the number of parts, or waste, scrap, or other
                     variability. It could also allow easier component integration or
                     ways to reduce inventory levels, such as by delaying product differentiation
                     in some way.

                  
                  
                  
                  Other
                     stakeholders will also provide expertise on issues related to product
                     design. Customers or their sales and marketing representatives could
                     indicate how product changes might affect customer requirements
                     and expectations. Designers and engineers in research and development
                     may weigh in on the feasibility of a change, such as whether existing
                     production equipment can be altered or how a change might impact
                     quality. Logistics and supply chain management professionals might
                     evaluate whether a product change could maintain or reduce lead
                     times, distribution costs, and so on.

                  
                  
               
               
               
               
                  
                  Continuous Process Improvement

                  Continuous process
                     improvement is a team effort, but, in many cases, these improvements
                     can be focused on just small parts of a production or inventory
                     control process. Reducing setup times or the number of setups for
                     one work center is an example of the small-step, incremental improvements
                     that production and inventory control professionals can directly
                     plan and implement on their own.

                  
                  
                  The continuous process improvement steps
                     an organization might use can be described in a number of ways.
                     The process can be based on steps that you will find in the lean
                     philosophy and in approaches to quality management such as Walter Shewhart’s
                     plan-do-check-action (PDCA) cycle or the six sigma DMAIC model.
                     Here are some common steps for delivering continuous process improvement:

                  
                  
                  
                     
                     	
                        
                        Determine the process to be improved. This
                           can be based on observation or on the results of tools such as Pareto
                           or root cause analysis. It could be an economic priority identified,
                           for example, by throughput accounting (as in the theory of constraints),
                           or it could be a process under one’s own control. Observation can involve
                           managers walking the “value stream” regularly. The Dictionary defines value stream as “the processes
                           of creating, producing, and delivering a good or service to the
                           market.” The walk is an opportunity for a manager to learn about
                           the conditions in the value stream, to communicate with workers
                           and learn about their perspectives and ideas, and to identify places
                           where performance or conditions could change to improve customer
                           service, quality, or efficiency.

                        

                     
                     
                     	
                        
                        Gather and compile data on the
                              as-is state. This may include a flowchart of the process; determining
                           the inputs, outputs, routings, and boundaries of the process; understanding
                           the actual state of the process such as by creating control charts; listing
                           the components used; and compiling information on suppliers, customers, and
                           environmental factors. For example, value stream mapping can be
                           used to map all the operations needed to produce and deliver a product
                           or service. It visualizes the current process to identify steps
                           that do not add value to the customer. It then uses this information
                           to design a future state.

                        

                     
                     
                     	
                        
                        Analyze the data and produce a
                              to-be state. This may involve developing one or more alternatives
                           by breaking problems down into smaller chunks, searching for root
                           causes, and calculating potential results such as for throughput,
                           investment, and operating expense (as in throughput accounting).

                        

                     
                     
                     	
                        
                        Select the best method among alternatives. This
                           involves finding the method that minimizes waste to the degree possible
                           at this stage, perhaps one that simplifies tasks, combines operations
                           when feasible, finds a more efficient sequence, or performs some
                           tasks in parallel rather than sequentially. It may also involve proposing
                           improvements.

                        

                     
                     
                     	
                        
                        Implement. Train the operators
                           involved. Revise policies, procedures, and other documents as needed
                           to ensure that the new method becomes standard practice. A change
                           management process will ensure that people understand the need for
                           a change and its benefits. The changes will be implemented by incorporating
                           the new methods into standard operating procedures, policies, controls,
                           information technologies, and so on. Knowledge management is one
                           aspect of change management.

                        

                     
                     
                     	
                        
                        Sustain the new method. This
                           is the control phase—to determine the degree to which the new methods
                           are being followed and enforce compliance, to determine the degree
                           to which changes improve upon the baselines, and to begin the process of
                           improving on that new standard. This involves monitoring and controlling
                           the operation and correcting workarounds or the use of old methods.
                           It also involves gathering evidence of how well (or poorly) the
                           new method is working and giving credit to innovators for successful
                           improvements.

                        

                     

                  
               
               
               
               
                  
                  Continuous Improvement Maturity

                  
                  
                  
                  
                  
                   Exhibit 8-29 describes
                     a progression in which operations strategies evolve through their
                     improvement strategies.

                  
                  
                  
                  
                     Exhibit 8-29: Operations’ Evolving Contribution to Competitive Advantage[image: ../images/CPIMgraphic2-1g-t05-17.png]
                  
                  
                  
                  
                  For
                     organizations at the step 1 level, which is reactive, operations
                     focuses only on correcting problems, often moving from one emergency
                     to the next. Staying at this level will not make much impact on
                     the organization’s competitive advantage. As operations’ targets
                     for improvement become more ambitious, and as operations increases
                     its capabilities to align with the overall organizational strategy,
                     the potential impact grows. At step 2, the standardize level, the
                     organization is using standardized terminology and has adopted a
                     methodology or tools that are appropriate for the given industry.
                     At step 3, integrate, the continuous improvement efforts of operations are
                     prioritized toward advancing the organization’s strategy. At step
                     4, lead, which is the highest level in this model, the organization
                     has developed a mature operations strategy that delivers best-of-class
                     performance and capabilities. When operations becomes more capable,
                     this can in turn drive the organization’s future business strategies
                     as they seek ways to further leverage these competitive advantages.

                  
                  
                  
                  How does an organization
                     get to the next level? The goal should be what can be done to create
                     a sustainable competitive advantage. The sand cone model, shown
                     in Exhibit 8-30,
                     is a metaphor of a pile of sand with quality at the center, dependability
                     as the next layer that expands the base and allows the cone to get
                     higher, followed by speed, flexibility, and then cost. This model
                     indicates that quality is the necessary place to start for continuous
                     and/or major improvements because it helps the later improvements
                     endure and thrive. Once improvements in this area raise the quality maturity
                     level, then dependability can be next, followed by speed, then flexibility,
                     and finally cost. In other words, the right focus in the right areas
                     at the right time help build upon previous accomplishments.

                  
                  
                  
                  
                     Exhibit 8-30: Sand Cone Model[image: ../images/CPIMgraphic2-1g-t05-18.png]
                  
                  
                  
               
               

            
            
         
         
         
         
            
            
            Commonalities among Continuous Improvement
               Methodologies

            
            
            
            
            
               
               
               
               
               Continuous improvement
                  can be done using lean philosophies and tools; as part of the theory
                  of constraints, total quality management, or six sigma; or with
                  combinations of these and/or other methods not addressed here. These
                  and other continuous process improvement methods share many common
                  characteristics, including

               
               
               
               
                  
                  
                  	
                     
                     
                     Ensuring employee
                        involvement and empowerment

                     
                     

                  
                  
                  
                  	
                     
                     
                     Focusing
                        on the customer

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sustaining
                        continuous improvement.

                     
                     

                  
                  

               
               
               
               
                  
                  Ensuring
                     Employee Involvement and Empowerment

                  
                  
                  
                  
                  
                  Continuous
                     improvement is a team effort that needs to involve executives, managers, and
                     workers if it is to succeed. Employee involvement means that all
                     parts of the organization are involved and contribute to constructive
                     change. Empowerment is needed to get full involvement because it
                     requires managers to delegate certain duties to subordinates. The
                     size of these teams may differ, depending on the scope of improvements
                     and who is impacted by the change. Generally, smaller teams are
                     used when possible to ensure that the changes can be accomplished
                     quickly and effectively.

                  
                  
               
               
               
               
                  
                  Focusing
                     on the Customer

                  
                  
                  
                  
                  Continuous
                     improvement methods focus on the customer as the ultimate definer
                     of quality. Recall that one definition of quality indicates that
                     quality is defined by customer perceptions and what the customer
                     is willing to pay for. Customers define the difference between what
                     is value-added versus waste.

                  
                  
                  
                  Another important aspect of the focus on
                     the customer addressed more elsewhere is that there are internal
                     and external customers. Internal customers such as workers at a
                     downstream work center depend on receiving quality input materials
                     or services.

                  
                  
               
               
               
               
                  
                  Sustaining
                     Continuous Improvement

                  
                  
                  
                  All continuous improvement methodologies
                     emphasize the need for continuous improvement to be an ongoing cycle.
                     This is the “continuous” in continuous improvement. Because this
                     is small-step improvement, it is sustainable by design. While large,
                     exhaustive projects may be needed on occasion, these cannot be conducted
                     without respite. They tend to disrupt ongoing operations and often
                     require taking persons away from their regular duties. However,
                     smaller improvements can be built into the regular course of operations
                     and regular job duties. In this way, continuous improvement can
                     be a never-ending quest to find the root causes of the next problem
                     once the last one is resolved.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Knowledge Management

            
            
            
            
            
               
               
               
               
               Commitment to
                  continuous improvement can contribute to a learning
                     organization, defined in the ASCM
                     Supply Chain Dictionary as follows:

               
               
               
               
                  
                  1)
                     A group of people who have woven a continuous, enhanced capacity
                     to learn into the corporate culture. 2) An organization in which
                     learning processes are analyzed, monitored, developed, and aligned
                     with competitive goals.

                  

               
               
               
               A learning organization
                  may develop a knowledge management system, which is simply a process
                  for ensuring that organizations learn from their successes and failures. Knowledge management is defined
                  in the Dictionary in the following
                  way:

               
               
               
               
                  
                  An
                     integrated approach used by organizations to capture, share, develop,
                     and use organizational knowledge. This information is used to more
                     effectively produce product, interface with customers, and navigate
                     through competitive markets.

                  

               
               
               
               In Operations Strategy, Slack
                  and Lewis describe the role of knowledge management systems as helping
                  to convert “tacit” knowledge (something you know) into “explicit” knowledge
                  (something you can show others). The following illustrates this.

               
               
               
               
                  
                  
                  	
                     
                     
                     The machine operators
                        in a job shop have learned through trial and error the best way
                        to minimize work product that does not meet specifications and has
                        to be scrapped. They have shared this information with each other,
                        and the unit as a whole has benefited. They have acquired tacit
                        knowledge through socialization.

                     
                     

                  
                  
                  
                  	
                     
                     
                     A
                        manager notes that the scrap volume is much lower in this unit and
                        asks the workers to train other units in the plant in their successful
                        practices. The operators work together to create a formal presentation,
                        converting their tacit knowledge into explicit knowledge.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        presentation is so successful that the plant manager asks the group
                        to create a training manual for new machine operators. The new hires
                        acquire this explicit knowledge during their training period.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        explicit knowledge is applied to everyday tasks by new hires, operators
                        from other units, and the original operators as well. The explicit
                        knowledge again becomes tacit knowledge that is internalized, examined,
                        tested, and discussed.

                     
                     

                  
                  
                  
                  	
                     
                     
                     New observations
                        and practices are developed and shared. The knowledge spirals outward
                        through the organization from the original group of machine operators.

                     
                     

                  
                  

               
               
               
               By capturing and
                  sharing this emerging knowledge, the operations function is building a
                  store of knowledge that survives when talented employees leave the
                  organization.

               
               
               
               Knowledge management
                  systems benefit operations in different ways:

               
               
               
               
                  
                  
                  	
                     
                     
                     Productivity is
                        increased by using best practices and avoiding mistakes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Information
                        can be accessed more quickly.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Relationships
                        with customers and suppliers can be improved, as the lessons of many
                        interactions contribute a broader and deeper understanding of their
                        needs.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Employees
                        can increase knowledge of competitors’ behaviors.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sharing
                        of knowledge promotes collaboration. More people contribute. Exchanges improve
                        those ideas, and some ideas become new sources of revenue.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Combined
                        knowledge makes it easier to identify risks and to develop more effective
                        risk management approaches.

                     
                     

                  
                  

               
               
               
               Designing a knowledge
                  management system involves three steps:

               
               
               
               
                  
                  
                  	
                     
                     
                     Identifying and
                        gathering valuable information in the organization. This content can
                        be gathered in team meetings, through surveys or suggestion boxes,
                        in performance review meetings, or in debrief meetings or reports.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Designing
                        a way to make the knowledge easily accessible easily but secure. Increasingly,
                        organizations are using topic-driven databases, social media (discussion
                        threads, wikis, blogs), and so on.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Integrating
                        knowledge management in the organization’s culture such as by use
                        of rewards for good suggestions.

                     
                     

                  
                  

               
               

            
            
         
         
   
      
         
         
         
         Topic 2: Lean

         
         
         
         
            
            
            Here we look at lean
               and its core concepts using a metaphor of a house that has long been
               part of the lean methodology. We cover the two pillars holding up
               the roof of the house separately because they include complexities
               such as kanban systems. We also address lean tools, including hoshin
               planning, value stream mapping, the five Ss, mistake proofing, flexible
               automation, and kaizen. We conclude with discussions of lean used
               for continuous improvement and lean in service environments.

            
            

         
         
         
         
         
            
            
            House of Lean

            
            
            
            
            
               
               
               
               
               Lean was developed by Taiichi Onho, a
                  Toyota engineer. The house of lean, or house of Toyota, is a framework
                  that uses the metaphor of a house with a foundation, two pillars,
                  and a roof forming a space within (a culture). The philosophy is
                  that organizations and individuals wanting the benefits of lean
                  must see its big picture and fully integrate all of its components
                  in order to be successful, just as a house needs a sound foundation
                  and supporting pillars. Exhibit 8-31 shows
                  this lean framework.

               
               
               
               
                  Exhibit 8-31: House of Toyota (House of Lean Production)[image: ../images/CPIMgraphic1a-t05-13.png]
               
               
               
               
               Note that many of the
                  concepts shown in one part of this framework also apply to other
                  parts. For example, standardized work is part of standardization,
                  but it also promotes operational stability, and kanban (a system
                  used to generate pull signals) is also part of just in time. Total
                  productive maintenance is used to maintain equipment to promote
                  stability, but it is also an example of employee involvement because
                  the workers maintain their own equipment.

               
               
               
               Next we discuss the roof, the center, and
                  the foundational levels of this house concept. The pillars of just
                  in time and jidoka are addressed separately in this content area because
                  they require a more involved discussion.

               
               
               
               
                  
                  House of Lean Roof: Eliminate Waste

                  
                  
                  
                  
                  
                  
                  
                  The roof of the house of lean
                     lists the goals that lean should achieve: Focus on the customer
                     to produce only what is wanted in the best quality, at the lowest
                     cost, and using the shortest lead time possible by eliminating waste
                     in all of its forms.

                  
                  
                  
                  If work is defined as
                     motion that creates value, then motion that creates no value is not
                     work, it is waste. Waste is any activity that is not value-added,
                     and its root cause is often unevenness, variability, or overburdened
                     processes or persons. Variability can result in scrap or rework,
                     for example. Overburdening processes or employees can also create
                     waste because the process will lack stability. People could omit
                     process steps, fail to maintain equipment, or make errors.

                  
                  
                  
                  Value is defined
                     by customers, both internal and external. Determining what is valued requires
                     two things: understanding who the customers are and understanding
                     what they value. One good test of what customers value is to ask
                     if they would be willing to pay more to ensure that it is included.
                     A customer will likely be willing to pay for a part to be shaped
                     in a certain way or to have certain properties such as high tensile strength.
                     Would anyone pay more for the cost of long wait times, reworked
                     parts, or unneeded inventory holding costs?

                  
                  
                  
                  Differentiating value from waste involves
                     separating the result from the process. For example, customers might
                     value having a reliable product that is not likely to fail. Thus
                     they value quality, but they do not care how that quality is achieved.
                     One example of this is finished goods inspection. This time-consuming
                     task is considered a form of waste in lean because the final work
                     should already be perfect and need no inspection. (Quality will
                     have been achieved earlier in the process.)

                  
                  
                  
                  Forms
                     of waste that workers and managers need to work to eliminate include
                     waste in processing, movement (transportation), and methods (motion)
                     as well as product defects, waiting time, overproduction, excess
                     inventory, and unused people skills. Lean identifies these forms
                     of waste in regular continuous improvement sessions and by getting
                     out on the shop floor and talking to people. This is very important
                     to lean and can be expressed as gemba or genchi genbutsu in Japanese.
                     The ASCM Supply Chain Dictionary defines
                     these terms as follows:

                  
                  
                  
                  
                     
                     Gemba: The place where humans create value or
                        the real workplace. Gemba also is a philosophy: “Go to the actual place; see
                        the actual work.”

                     
                     Genchi genbutsu: A Japanese phrase meaning
                        to visit the shop floor to observe what is occurring.

                     

                  
                  
                  
                  These concepts are
                     akin to the management philosophy called management by walking around.

                  
                  
                  
                  Lean listens to
                     workers and then works to redesign or eliminate processes, steps, policies,
                     or plans that are not value-added so that everything left is value-added.
                     The lean philosophy is that each time this is done and redone there
                     will be benefits in lower cost, shorter lead times, and better quality.

                  
                  
               
               
               
               
                  
                  House of Lean Center: Culture of Involvement
                     and Continuous Improvement

                  
                  
                  
                  
                  A
                     house of lean that is built correctly creates a culture of continuous
                     improvement with a high degree of respect for people, in terms of
                     both designing processes so they are safe and maintaining and improving
                     morale. An important part of the work culture based on the house
                     of lean principles is the idea that workers are valued assets. Giving workers
                     real responsibility for quality, setting high expectations but being
                     fair, investing in training, and getting out on the floor to listen
                     to workers are key ways morale can be strengthened anywhere. These
                     practices show the concepts of employee involvement and empowerment
                     in action.

                  
                  
               
               
               
               
                  
                  House of Lean
                     Foundation: Standardization and Operational Stability

                  
                  
                  
                  
                  
                  The foundation, or base, of the
                     house of lean includes standardization and operational stability. Leveling,
                     standardized work, reducing variability, avoiding overburdening processes or
                     employees, and kaizen are the main tools that lean organizations use to reduce
                     variation and allow work to be harmonious rather than in a constant state of
                     emergency.

                  
                  
                  
                  Leveling involves
                     scheduling actual orders on the shop floor (shop floor control) so that the
                     volume and mix of orders can be processed using available capacity and no work
                     center is overloaded and no worker is idle. (Equipment is allowed to be idle to
                     prevent overproduction.)

                  
                  
                  
                  Standardized work includes many things, such as standardizing processes so that
                     there is less to learn or standardizing measurement gauges. It could also
                     involve standardizing parts that are common to more than one product so there
                     are fewer types of parts. Two lean tools also promote standardization and
                     operational stability: total productive maintenance and the five
                     Ss.

                  
                  
                  
                  
                     
                     
                     Total Productive Maintenance

                     
                     
                     
                     Total productive maintenance (TPM) is
                        operator-oriented preventive maintenance. Preventive is the key word here.
                        Waiting until equipment breaks down can cause costly line shutdowns.

                     
                     
                     
                     TPM is discussed in greater detail
                        later in this topic.

                     
                     
                  
                  
                  
                     
                     
                     
                        Five Ss for Workplace
                           Organization
                        

                     
                     
                     
                     
                     The Dictionary defines the five S’s as follows:

                     
                     
                     
                     
                        
                        Five terms beginning with the letter
                           S used to create a workplace suitable for lean production: sort, set in
                           order (or simplify), shine (or scrub), standardize, and sustain. Sort
                           means to separate needed items from unneeded ones and remove the latter.
                           Set in order means to neatly arrange items for use. Shine means to clean
                           up the work area. Standardize means to sort, simplify, and scrub daily.
                           Sustain means to always follow the first four Ss. These practices are
                           sometimes referred to by their Japanese equivalents: seiri, seiton,
                           seiso, seiketsu, and shitsuke.

                        

                     
                     
                     
                     The five Ss create a work
                        environment that supports successful lean scheduling; they are a foundation
                        of total productive maintenance. The method can be applied to any production
                        environment. The five Ss enable workplace organization by providing a
                        methodology for enacting the principle of “a place for everything and
                        everything it its place.”

                     
                     
                     
                     The
                        goals of a five Ss program are to

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           Reduce waste

                           
                           

                        
                        
                        
                        	
                           
                           
                           Reduce variation

                           
                           

                        
                        
                        
                        	
                           
                           
                           Improve productivity.

                           
                           

                        
                        

                     
                     
                     
                     A five Ss program creates a
                        foundation for well-running equipment. For example, in a well-organized and
                        clean work environment, tools and parts are much easier to find, and it is
                        much easier to spot issues such as material spills, fluid leaks, hairline
                        cracks, metal shavings from unexpected wear, etc.

                     
                     
                     
                     The principles of each of the five Ss, a brief
                        description, why it’s important, and examples are shown in Exhibit 8-32.

                     
                     
                     
                     
                        
                        
                        

                        
                        
                        
                        
                        
                           
                           
                              
                              Exhibit 8-32: The Five Ss
                              
                              
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                                 
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Principle

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       What Does It
                                          Mean?

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Why Is It
                                          Important?

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Examples

                                       
                                       
                                    

                                 
                              
                              
                              
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Sort (seiri)

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Sort out
                                                what you don’t need.

                                             

                                          
                                          
                                          	
                                             
                                             Eliminate
                                                anything that is not truly needed in the work
                                                area.

                                             

                                          
                                          
                                          	
                                             
                                             If in
                                                doubt, throw it out.

                                             

                                          

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Space,
                                                time, money, energy, and other resources can be
                                                managed and used most effectively.

                                             

                                          
                                          
                                          	
                                             
                                             Reduces
                                                problems and annoyances in workflow.

                                             

                                          
                                          
                                          	
                                             
                                             Improves
                                                communication between workers.

                                             

                                          
                                          
                                          	
                                             
                                             Increases
                                                product quality.

                                             

                                          
                                          
                                          	
                                             
                                             Enhances
                                                productivity.

                                             

                                          

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Red
                                                tagging.

                                             

                                          
                                          
                                          	
                                             
                                             Designating areas for collection of items to be
                                                sold, donated, recycled, disposed of, etc.

                                             

                                          

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Simplify
                                          (seiton)

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Organize
                                                the remaining items.

                                             

                                          
                                          
                                          	
                                             
                                             Set in
                                                order.

                                             

                                          
                                          
                                          	
                                             
                                             A place for
                                                everything.

                                             

                                          

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Eliminates many
                                          kinds of waste.

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Place
                                                tools close to the area where they are needed.

                                             

                                          
                                          
                                          	
                                             
                                             Assign
                                                locations for tools and equipment to be kept, and
                                                label them so they can easily be found, e.g., use
                                                silhouettes of the tools.

                                             

                                          

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Scrub (shine;
                                          seiso)

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Clean and
                                                inspect the work area.

                                             

                                          
                                          
                                          	
                                             
                                             Keep
                                                everything, every day, swept and clean.

                                             

                                          

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Turn the
                                                workplace into a clean, bright place where
                                                everyone will enjoy working.

                                             

                                          
                                          
                                          	
                                             
                                             Keep things
                                                in a condition so they are ready to be used when
                                                needed.

                                             

                                          

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       Cleaning log.

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Standardize
                                          (seiketsu)

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Create
                                                standards for performing the above three
                                                activities.

                                             

                                          

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Ensuring
                                                that conditions do not deteriorate to the former
                                                state facilitates implementation of the first
                                                three Ss.

                                             

                                          

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Standardize processes: standard operating
                                                procedures.

                                             

                                          
                                          
                                          	
                                             
                                             Document
                                                these standards on visual displays so that the
                                                workers can easily see them.

                                             

                                          

                                       
                                       
                                    

                                 
                                 
                                 
                                    
                                    	
                                       
                                       
                                       Sustain
                                          (shitsuke)

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Ensure that
                                                the standards are regularly applied.

                                             

                                          
                                          
                                          	
                                             
                                             Instill
                                                discipline to avoid backsliding.

                                             

                                          

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             The
                                                consequences of not keeping to the course of
                                                action are that the improvement process was a
                                                waste.

                                             

                                          

                                       
                                       
                                    
                                    
                                    	
                                       
                                       
                                       
                                          
                                          	
                                             
                                             Explaining benefits of the change.

                                             

                                          
                                          
                                          	
                                             
                                             Enforcing
                                                consequences.

                                             

                                          
                                          
                                          	
                                             
                                             Periodic
                                                audits.

                                             

                                          

                                       
                                       
                                    

                                 
                              

                           

                        
                        

                     
                     
                     The five Ss also create a safer
                        workplace, for example, one with a much lower risk of trips and falls than
                        would be the case in a cluttered workspace. This also helps maintain
                        productivity and worker morale, lowers insurance costs, and minimizes
                        liability.

                     
                     
                  
               
               

            
            
         
         
         
         
            
            
            House of Lean Pillars: Just in Time
               and Jidoka

            
            
            
            
            
               
               
               
               
               The two pillars of the
                  house of lean are just in time and jidoka. Each is discussed next.

               
               
               
               
                  
                  House of Lean Pillar One: Just in Time

                  
                  
                  
                  
                  The first pillar
                     of the house of lean is just in time
                        (JIT), which the ASCM Supply Chain Dictionary defines
                     in part as follows:

                  
                  
                  
                  
                     
                     The primary elements
                        of just in time are to have only the required inventory when needed;
                        to improve quality to zero defects; to reduce lead times by reducing
                        setup times, queue lengths, and lot sizes; to incrementally revise
                        the operations themselves; and to accomplish these activities at
                        minimum cost.

                     

                  
                  
                  
                  Lean
                     started out as JIT and then grew to encompass a larger, more comprehensive system.
                     Some organizations use only JIT, but lean proponents encourage full
                     adoption of the entire philosophy. The main concept is to order
                     just what is needed and to work with a core set of trusted suppliers
                     to have these smaller lots delivered reliably and in perfect quality.
                     For manufacturing, JIT encompasses pull systems instead of push systems,
                     plus two other important manufacturing concepts that keep work-in-process inventory
                     low and ensure short lead times: takt time and one-piece flow with
                     kanban.

                  
                  
                  
                  
                     
                     
                     
                        
                        Takt
                           Time
                        

                     
                     
                     
                     
                     In lean, takt time
                        synchronizes production with the rate of customer demand. While conventional
                        manufacturing planning and control also sets a pace for production, usually
                        this is the rate at which a bottleneck work center can produce units.
                        Takt time can be extended to the entire supply chain; this is called
                        heijunka.

                     
                     
                  
                  
                  
                     
                     
                     
                        
                        
                        
                        One-Piece
                           Flow and Kanban
                        

                     
                     
                     
                     
                     
                     
                     
                     
                     One-piece flow,
                        also called one-at-a-time flow, is a philosophy that the optimum
                        batch size for a component or product is one unit. Since this is
                        counterintuitive for organizations that work with larger batches
                        to generate economies of scale, this method requires removing the
                        constraints that keep small or individual unit batches from being
                        economical.

                     
                     
                     
                     A critical
                        change is to develop process flexibility, which includes flexible
                        equipment and flexible people. Terms related to this flexibility
                        include quick changeover and operator flexibility, defined in the Dictionary as follows:

                     
                     
                     
                     
                        
                        Quick changeover: The ability to shorten machine
                           setups between different machine operation requirements to increase
                           process flexibility. The first priority is reducing external setup
                           time, and the second is internal setup issues. Quick changeover
                           reduces economic order quantity, queue and manufacturing lead times, and
                           work-in-process inventory. It also improves quality, process, and
                           material flows.

                        
                        Operator flexibility: Training machine workers
                           to perform tasks outside their immediate jobs and in problem-solving
                           techniques to improve process flexibility. This is a necessary process
                           in developing a fully cross-trained workforce.

                        

                     
                     
                     
                     When it comes to
                        process flexibility, equipment selection in lean favors having two smaller
                        machines rather than one big one, because they can be used simultaneously
                        in different processes. Another process flexibility is developing
                        equipment and processes that enable quick changeovers, in other
                        words, in minutes rather than in hours. An immediate benefit provided
                        by quick changeovers is a reduction in lead time. Reducing lead
                        time using lean, or by improving lead time in conventional systems,
                        can provide a number of other benefits:

                     
                     
                     
                     
                        
                        
                        	
                           
                           
                           There will be a direct
                              and immediate reduction in product cost, because setup time is a
                              direct cost.

                           
                           

                        
                        
                        
                        	
                           
                           
                           It
                              can eventually reduce lot sizes—and thus order quantities—because
                              setup time will not be as large a component in the tradeoff analysis
                              between the cost of setups and other costs.

                           
                           

                        
                        
                        
                        	
                           
                           
                           Reducing
                              lot sizes will also eventually improve quality because defects will
                              have less chance to be replicated across as many units.

                           
                           

                        
                        
                        
                        	
                           
                           
                           By
                              reducing lot sizes, work-in-process (WIP) inventory and queues (orders awaiting
                              production at a work center) will be reduced, because the total
                              amount of inventory in process or waiting to be run at individual
                              work centers is partly a factor of the order size.

                           
                           

                        
                        
                        
                        	
                           
                           
                           When
                              less inventory is held between work centers, it will be easier to
                              establish cellular layouts because the work centers can be physically
                              nearer to each other. Switching to a cellular layout means that
                              equipment is dedicated to a given product line and so will not have
                              a backlog of WIP inventory waiting as multiple lines feed to it.
                              The equipment will be available to be changed over to the tools
                              and dies needed for the next order. The work centers are also arranged
                              to be close to one another in cellular layouts so there is little
                              movement delay.

                           
                           

                        
                        

                     
                     
                     
                     Worker flexibility involves worker attitudes
                        and training. Workers need to be willing to do any job that needs
                        doing. Cross-training workers in multiple skills gives them the
                        ability to get the job done. The result will be the ability to quickly
                        change product mix or volume to meet changes in demand.

                     
                     
                     
                     One-piece flow with
                        cellular layouts and fast changeovers enables one of the objectives
                        of lean: Keep labor, equipment, materials, and inventory continually
                        in motion, with no waste or unnecessary movement. This is called
                        continuous flow production (not to be confused with the continuous
                        manufacturing process type used for processing liquids and the like),
                        meaning that the demand signal starts at the end of the process
                        and progresses back from process to process as each prior step comes into
                        demand. This keeps the whole cell productive yet with little WIP
                        inventory and thus short lead times. How is this actually done on
                        the shop floor? Lean uses a kanban system of signals, as is revisited
                        in Exhibit 8-33.

                     
                     
                     
                     
                        Exhibit 8-33: Pull System with Kanban[image: ../images/CPIMgraphic1a-t05-14.png]
                     
                     
                     
                  
               
               
               
               
                  
                  House
                     of Lean Pillar Two: Jidoka

                  
                  
                  
                  
                  Jidoka is all about empowering
                     shop floor workers to take ownership of the quality of their processes
                     and to help the organization to improve. The Dictionary defines jidoka as “the Japanese term
                     for the practice of stopping the production line when a defect occurs.”

                  
                  
                  
                  While the better-known
                     JIT pillar is about short lead times, low inventory, and producing
                     what is demanded, jidoka is about not making junk. Workers are not
                     only authorized and able to stop the production line; they are encouraged
                     to do so at the first sign of trouble (receiving or making a bad
                     part). The idea is to correct the first instance of a defect by
                     fixing the root cause of that defect (e.g., equipment in need of maintenance
                     or calibration) rather than turning out defective part after defective
                     part. The first few days of a new process may not turn out many
                     units, as processes are improved to include mistake-proofing, which
                     might mean making it harder to miss a key step or do a process the
                     wrong way or ensuring that a part can be installed only one way
                     and not backward.

                  
                  
                  
                  Jidoka
                     also separates operator activities from equipment activities, meaning
                     that some things are best corrected using automation and others
                     are best corrected using training or training aids. If a sensor
                     can be used to detect whether a part is correctly aligned, this
                     allows the operator to focus on other things that sensors cannot
                     detect. The line stoppage thus becomes automated, which is generally
                     preferred over manual stoppage, as it is more likely to occur sooner.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Lean Tools and Techniques

            
            
            
            
            
               
               
               
               
               There are a number of lean tools that enable continuous
                  improvement. Hoshin planning, value stream mapping, and the five
                  Ss are three examples; these are all covered elsewhere in these
                  materials. Here we look at some other lean tools—poka-yoke, flexible
                  automation, and kaizen events and blitzes.

               
               
               
               
                  
                  Poka-yoke (Mistake Proofing)

                  
                  
                  
                  
                  
                  
                  It is important to design
                     quality into the process for a product from the beginning. This
                     is done through the application of the lean principle called poka-yoke (mistake proof), which the Dictionary defines as follows.

                  
                  
                  
                  
                     
                     Mistake-proofing
                        techniques, such as manufacturing or setup activity, designed in
                        a way to prevent an error from resulting in a product defect. For
                        example, in an assembly operation, if each correct part is not used,
                        a sensing device detects that a part was unused and shuts down the
                        operation, thereby preventing the assembler from moving the incomplete
                        part to the next station or beginning another operation. This is
                        sometimes spelled poke-yoke.

                     

                  
                  
                  
                  The goal of a poka-yoke solution is to
                     prevent defects. This can be done by detecting errors when they
                     occur or by eliminating the source of errors once they are discovered.
                     While all errors cannot be prevented, poka-yoke prevents the same
                     error from repeating, and this will significantly reduce defects.
                     By eliminating mistakes at the source, the costs of mistakes within
                     a manufacturing plant are reduced. This type of mistake proofing
                     can be done in design or redesign of the product/service or the related
                     production equipment, processes, and environment.

                  
                  
                  
                  Following
                     ISO 9000 or other recognized quality standards is a way to integrate mistake
                     proofing right into the production process. One example is the QS
                     9000 standard. The Dictionary defines QS 9000 as follows:

                  
                  
                  
                  
                     
                     A
                        variation of ISO 9000 certification with additional requirements
                        tailored for the automobile industry, including suppliers. QS 9000
                        is being superseded by ISO/ TS 16949, which incorporates many European
                        standards.

                     

                  
                  
                  
                  QS 9000 uses
                     poka-yoke as a process control tool. The Dictionary defines process control as follows:

                  
                  
                  
                  
                     
                     1)
                        The function of maintaining a process within a given range of capability
                        by feedback, correction, and so forth. 2) The monitoring of instrumentation
                        attached to equipment (valves, meters, mixers, liquid, temperature,
                        time, etc.) from a control room to ensure that a high-quality product
                        is being produced to specification.

                     

                  
                  
               
               
               
               
                  
                  Flexible Automation

                  
                  
                  
                  
                  
                  Lean enables fast
                     changeovers and producing what is currently in demand in part by using
                     flexible automation, also called flexible manufacturing solutions
                     (FMS). FMS was developed using modular design and group technology
                     concepts. The Dictionary defines flexible automation as “automation
                     that provides short setup times and the ability to switch quickly
                     from one product to another.”

                  
                  
                  
                  Manufacturers working to improve the flexibility
                     of their production systems should use plan-do-check-action (PDCA)
                     steps to implement flexible automation first on a small scale before
                     fully investing in more lean automation. That is, a plan is developed to
                     improve flexibility, and, in the “do” stage, the organization implements
                     investments on a small scale, such as for just one bottleneck work
                     center. The results are checked, and the resulting action could
                     be to modify the plans and systems based on operator feedback. The
                     next iteration of PDCA could be to roll the improvements out to
                     other work centers.

                  
                  
               
               
               
               
                  
                  Kaizen Events and Blitzes

                  
                  
                  
                  
                  
                  
                  The Dictionary defines
                     kaizen and two related terms as follows.

                  
                  
                  
                  
                     
                     Kaizen: The
                        Japanese term for improvement. Kaizen refers to continuing improvement
                        involving everyone—managers and workers. In manufacturing, kaizen relates to
                        finding and eliminating waste in machinery, labor, or production
                        methods.

                     
                     Kaizen
                           event: A time-boxed set of activities
                        carried out by the cell team during the week of cell implementation.
                        The kaizen event is an implementation arm of a lean manufacturing
                        program.

                     
                     Kaizen blitz®: A rapid improvement of a
                        limited process area, such as a production cell. Part of the improvement
                        team consists of workers in that area. The objectives are to use innovative
                        thinking to eliminate non-value-added work and to immediately implement the
                        changes within a week or less. Ownership of the improvement by the area work
                        team and the development of the team’s problem-solving skills are additional
                        benefits.

                     

                  
                  
                  
                  Kaizen events and the even more time-delimited
                     blitzes are focused improvement mini-projects conducted with ad
                     hoc teams. The team takes a process apart and puts it back together
                     in a better way. This can help make planned incremental improvements or
                     quickly fix something in reaction to a problem.

                  
                  
                  
                  To improve a process or system, the kaizen
                     team should use the following steps:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Analyze
                           the current processes and procedures. The review should establish
                           and quantify gaps and redundancies in process performance.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Identify
                           problem areas that need to be addressed.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Correct
                           problems and redesign processes and standards to prevent the problems from
                           recurring. This will include testing the possible new process steps.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Once
                           the new processes have been cleared of all defects, they should
                           be implemented.

                        
                        

                     
                     

                  
                  
               
               

            
            
         
         
         
         
            
            
            Lean Principles for Process Improvement

            
            
            
            
            
               
               
               
               
               Lean systems use flow and pull
                  to reduce work-in-process (WIP) inventory, and, for many organizations,
                  this is a key area for continuous improvement. Organizations could
                  adopt some of the methods discussed here even if they are still
                  traditional manufacturers for the most part. Flow seeks to eliminate
                  queues and thus the inventory between workstations. Items are pulled
                  from the prior workstation as needed rather than being pushed without
                  regard to need. In this way, pull reduces the build-up of WIP inventory.

               
               
               
               Goals in lean production
                  include reducing WIP and lead time by

               
               
               
               
                  
                  
                  	
                     
                     
                     Producing only what
                        is needed to meet (and not exceed) customer demand and to limit
                        WIP to what is needed to support the continuous flow of product
                        to the customer (the takt time).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Capping the amount
                        of finished goods at what is required to meet demand after accounting
                        for cycle time (shifting production from one product to another), transportation
                        time, safety stock, seasonality, and promotions. This will reduce
                        the amount of WIP in the system and allow continuous improvement
                        activities to take place.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Improving
                        the flexibility of the system and decreasing time for changeovers.
                        This requires efficient process layouts, cross-trained employees,
                        and flexible technology.

                     
                     

                  
                  

               
               
               
               Lean production tools
                  used to address reduction of WIP and lead time include

               
               
               
               
                  
                  
                  	
                     
                     
                     Value stream mapping

                     
                     

                  
                  
                  
                  	
                     
                     
                     Pull
                        systems

                     
                     

                  
                  
                  
                  	
                     
                     
                     Setup
                        reduction

                     
                     

                  
                  
                  
                  	
                     
                     
                     Total
                        productive maintenance.

                     
                     

                  
                  

               
               
               
               
                  
                  Value
                     Stream Mapping

                  
                  
                  
                  
                  Value stream mapping is defined
                     in the ASCM Supply Chain Dictionary as
                     follows:

                  
                  
                  
                  
                     
                     A lean production tool to visually understand
                        the flow of materials from supplier to customer that includes the
                        current process and flow as well as the value-added and non-value-added
                        time of all the process steps. It is used to help reduce waste, decrease
                        flow time, and make the process flow more efficient and effective.

                     

                  
                  
                  
                  It can be used for
                     WIP and lead-time reduction but can also be applied to many types of
                     continuous improvements or breakthrough improvements.

                  
                  
                  
                  Value stream mapping
                     visualizes the flow of the value stream, the process steps from raw
                     material to finished goods (or delivery of service to the customer).
                     As illustrated in Exhibit 8-34,
                     a value stream map typically shows multiple process levels and the linkages
                     among them. The upper portion of the map contains the information
                     flow, the middle portion contains the material flow, and the lower
                     portion contains the process data and a time line that differentiates
                     between value-added lead time (processing time) and non-value-added
                     lead time (wait and move times) so the organization can find ways
                     to reduce the non-value-added lead times.

                  
                  
                  
                  
                     Exhibit 8-34: Sample Value Stream Map[image: ../images/CPIMgraphic1j-t02-01.png]
                  
                  
                  
                  
                  Value
                     stream maps are best prepared by working backward from the finished
                     product or service through various processes while timing each step.
                     The map includes information about changeover time in minutes (C/O)
                     and cycle time in minutes (C/T) at each work center and inventory
                     (I) at each stage in the process.

                  
                  
                  
                  Typically, organizations first create a
                     current-state map that provides a better understanding of the process.
                     Then they determine areas for improvement and create a modified
                     future-state map that serves as a goal. Non-value-added tasks will
                     be examined first and removed or modified if possible.

                  
                  
                  
                  Use of the value stream
                     mapping technique can result in improved inventories, cycle times,
                     and throughput.

                  
                  
               
               
               
               
                  
                  Pull
                     Systems

                  
                  
                  
                  
                  
                  In a pull system, demand
                     is matched to supply. The factory produces only what its customers
                     use. Using a kanban system, each workstation produces only enough
                     to supply what the next workstation in the process requires. In
                     other words, a workstation makes only enough to replenish what the
                     next workstation in the process has used. Parts inventory may be
                     managed with a supermarket approach, defined in the Dictionary as follows:

                  
                  
                  
                  
                     
                     A
                        way of managing inventory and improving picking by making all parts
                        easy to take off of a shelf, much like the shelves of a supermarket.
                        Inventory is then restocked in such a way that employees always
                        have easy access.

                     

                  
                  
                  
                  The
                     basic pull system has no timing associated with operations in the
                     product routing. Whenever a customer needs a part, the pull system
                     responds by replenishing the part previously supplied. This system
                     is asynchronous. A synchronous pull system, on the other hand, controls
                     the velocity of the process flow using takt time in order to generate
                     a systemwide reduction in lead time.

                  
                  
                  
                  Creating
                     a synchronous pull system requires determining and standardizing operation
                     times. Having standard operation times helps planners understand
                     how long it will take each upstream operation to replenish a part
                     that was pulled by its downstream operation so that the overall
                     series of upstream pulls and replenishments can result in a consistent
                     and desired overall rate of flow while also enabling better responsiveness
                     to customer demand. Planners synchronize the overall process by
                     fine-tuning parameters such as batch sizes. Many organizations also
                     rely on software to create visual signals that trigger replenishment
                     rather than relying on the more traditional kanban cards. If the
                     organization uses material requirements planning (MRP) software,
                     pulling a part from a kanban bin or a location can trigger MRP replenishment
                     orders as needed.

                  
                  
               
               
               
               
                  
                  Reduction
                     in Setup or Changeover Time

                  
                  
                  
                  
                  
                  Reducing setup or changeover time increases
                     operation velocity and throughput. There are five steps to reduce
                     setup time.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Classify internal
                           and external changeover tasks. Internal tasks must be performed while
                           a machine is stopped (idle time); external or preparation tasks
                           can be performed while the machine is still running.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Convert
                           internal setup tasks to external tasks. For example, organize tools
                           and materials for setup while the machine is still running a batch.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Streamline
                           internal setup. For example, find ways to reduce the time it takes
                           to fasten equipment in place.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Eliminate
                           adjustments. Documenting the proper adjustments for different materials
                           helps eliminate wasteful trial and error as adjustments are repeated
                           until the machine produces an “in spec” product.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Minimize
                           external (preparation) time, since small batch processes may not
                           provide enough time to prepare for the changeover.

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Total
                     Productive Maintenance

                  
                  
                  
                  
                  
                  
                  Total
                     productive maintenance (TPM) is proactive and focuses on opportunities
                     as well as threats. It does not wait until a machine breaks down
                     or quality problems occur before the equipment is serviced. This
                     has numerous benefits that address operational performance objectives.
                     It reduces downtime, which in turn reduces delays in downstream
                     processes, which improves dependability. It improves quality, since
                     equipment is more likely to produce product within statistical controls.
                     Greater dependability improves costs by requiring less inventory
                     buffer. By focusing on productivity, TPM triggers continuous technology
                     and process improvements.

                  
                  
                  
                  There are additional benefits, such as

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Extending the life
                           of equipment and protecting the organization’s capital investments

                        
                        

                     
                     
                     
                     	
                        
                        
                        Improving
                           worker safety

                        
                        

                     
                     
                     
                     	
                        
                        
                        Making
                           the system more resilient. (There is available capacity to manage unexpected
                           interruption.)

                        
                        

                     
                     

                  
                  
                  
                  Machine
                     operators are trained in routine service and conduct preventive
                     maintenance on their machines. Operators may also observe or assist
                     when a more-skilled technician is required to make repairs. This
                     helps operators increase their understanding of how their machines
                     function. It also increases their sense of responsibility for their
                     machines. This sense of ownership matches the lean philosophy of
                     employee empowerment.

                  
                  
                  
                  An important
                     TPM metric for ensuring that maintenance is proactive is overall equipment effectiveness (OEE), defined in the Dictionary as “measuring the effectiveness
                     of all of the equipment of a company based on usage, performance,
                     and production quality.” OEE identifies the percentage of planned
                     production time that is truly productive. It was developed to support
                     TPM initiatives by accurately tracking progress toward achieving
                     “perfect production.”

                  
                  
                  
                  OEE
                     consists of three fundamental components, each of which maps to
                     a TPM goal:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Availability—availability
                           after factoring in all events that stop planned production for a
                           measurable length of time; calculated as actual run time divided
                           by planned run time.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Performance—performance
                           after considering the factors that cause production to operate at
                           less than full speed when running; calculated as actual quantity produced
                           divided by target quantity produced.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Quality—quality
                           after factoring in the manufactured pieces that do not meet the organization’s
                           quality standards, including those that require a repair or rework order;
                           calculated as the quantity produced right the first time divided
                           by the total quantity produced. (The Dictionary defines
                           a rework order as “a manufacturing order
                           to rework and salvage defective parts or products.”)

                        
                        

                     
                     

                  
                  
                  
                  These components also
                     take into account the different types of productivity loss.

                  
                  
                  
                  OEE is then calculated
                     as availability times performance times quality expressed as a percentage.
                     A score of 100 percent is perfect production. For manufacturers
                     of discrete products (products created in discrete units), 85 percent
                     is often a goal, but 60 percent is a typical score. Manufacturers
                     without TPM and/or lean programs often have scores near 40 percent.

                  
                  
                  
                  Let’s consider an example.
                     In a nine-hour shift, eight hours are designated as working time.
                     The standard machine cycle time is one minute. Breakdowns take 15
                     minutes and changeovers take 45 minutes. At the end of the shift,
                     350 parts have been produced, with 50 being scrapped.

                  
                  
                  
                  
                     
[image: ../images/8-c-t02_01_id22AO90G0UPJ_mathml_229_width_998.png]

                     

                  
                  
                  
                  The underlying components—availability,
                     performance, quality—can be further broken down into the most common
                     causes of lost productivity in manufacturing, or what is commonly
                     referred to as the “six big losses.” The six big losses are nearly universal
                     and provide a great starting place for identifying and eliminating
                     waste. TPM involves all team members in eliminating the six big
                     losses shown in Exhibit 8-35.

                  
                  
                  
                  
                     
                     
                     

                     
                     
                     
                     
                     
                        
                        
                           
                           Exhibit 8-35: Six Big Losses
                           
                           
                              
                              
                              
                              
                              
                              
                              
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    OEE Category

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Six Big Losses

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Examples

                                    
                                    
                                 
                                 

                              
                              
                           
                           
                           
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Loss of availability

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Breakdowns

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Unplanned maintenance, tooling failure,
                                       motor failure, overheated bearing

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Setup and adjustment

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Setup/changeover, operator shortage, major adjustment,
                                       material shortage, warm-up time

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Loss of performance

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Idling and minor stops

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Minor adjustment, component jam, blocked
                                       sensor, cleaning/checking, delivery blocked

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Reduced speed

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Equipment wear, wrong setting, alignment
                                       problem

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Loss of quality

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Quality losses

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Rework, scrap

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Start-up

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    Rework, scrap

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
               
               

            
            
         
         
         
         
            
            
            Lean in Service
               Environments

            
            
            
            
            
               
               
               
               
               Lean can also be used in a service environment
                  but should be thought of as a framework that must be adapted to
                  the needs of the environment. A prerequisite is to ensure that the
                  service organization has clear operational objectives. It is important
                  to start with the end in mind. This will guide which lean concepts
                  and tools to select and adapt for use.

               
               
               
               For example, seeking
                  areas of waste in services can highlight where problems exist. While
                  inventory is not a primary cost driver, the time required to deliver
                  services is. Finding ways to deliver the same level of service in
                  less time could be a goal. Other continuous improvement initiatives
                  might focus on eliminating wait times for services.

               
               
               
               Some tactics to implement
                  aspects of lean in a service environment include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Communicating and building
                        a common vision

                     
                     

                  
                  
                  
                  	
                     
                     
                     Hosting
                        events like a kaizen event or a kaizen blitz® to promote and change behavior,
                        such as to streamline a service to identify and omit non-value-added steps

                     
                     

                  
                  
                  
                  	
                     
                     
                     Showing
                        lean in action (Letting employees see what it looks like will go
                        a long way to both understanding and reinforcing behavior.)

                     
                     

                  
                  

               
               

            
            
         
         
   
      
         
         
         
         Topic 3: Employee
            Empowerment

         
         
         
         
            
            
            Techniques to develop
               the full potential of employees that are discussed here include

            
            
            
            
               
               
               	
                  
                  
                  Employee involvement and empowerment

                  
                  

               
               
               
               	
                  
                  
                  Worker
                     self-control

                  
                  

               
               
               
               	
                  
                  
                  Job
                     enlargement/enrichment

                  
                  

               
               
               
               	
                  
                  
                  Training

                  
                  

               
               
               
               	
                  
                  
                  Performance
                     appraisals and rewards

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Employee Involvement and Empowerment

            
            
            
            
            
               
               
               
               
               Continuous improvement
                  cannot succeed without the input and participation of the people
                  closest to the processes that need to be improved. It is important
                  that workers feel listened to and have a chance to contribute. Only
                  after a sense of ownership has been established on the ground floor
                  will the benefits of continuous improvement and quality be experienced
                  at an enterprise level.

               
               
               
               Employees who are engaged
                  and involved in the process are more likely to support a change.
                  The ASCM Supply Chain Dictionary defines
                  employee involvement and empowerment as follows:

               
               
               
               
                  
                  Employee involvement (EI): The concept of using the
                     experience, creative energy, and intelligence of all employees by
                     treating them with respect, keeping them informed, and including
                     them and their ideas in decision-making processes appropriate to
                     their areas of expertise. Employee involvement focuses on quality and
                     productivity improvements.

                  
                  Employee empowerment: The practice of giving non-managerial
                     employees the responsibility and the power to make decisions regarding
                     their jobs or tasks. It is associated with the practice of transfer
                     of managerial responsibility to the employee. Empowerment allows
                     the employee to take on responsibility for tasks normally associated
                     with staff specialists. Examples include allowing the employee to
                     make scheduling, quality, process design, or purchasing decisions.

                  

               
               
               
               Executives set the
                  tone and create a culture of ongoing change readiness. Managers provide
                  training and ensure that new methods are implemented correctly and
                  are sustained over time. Workers view their jobs as not only getting
                  assigned tasks done but also improving the tasks themselves or eliminating
                  unnecessary steps. They may also have responsibilities to perform
                  preventive maintenance, do setups, record data, and solve problems.

               
               
               
               The empowerment and
                  responsible delegation mentality moves from “I say and you do” to
                  “What do you think?” While this can be a motivating factor for employees, managers
                  still need to carefully explain expectations so that employees know
                  what results need to be achieved. After the manager determines how
                  much responsibility a given individual will be able to handle and
                  still thrive, they give that worker the right amount of power and
                  responsibility over areas in which the worker has expertise. In some
                  cases, process engineers or other technical people may still need
                  to be involved. In other cases, changes will impact other functional
                  areas or work centers, and managers will need to help coordinate
                  with affected stakeholders. However, in general, managers take on
                  the role of teachers and mentors.

               
               
               
               Small teams of workers
                  remain accountable for achieving results but do not need prior approval
                  to plan and implement incremental improvements. Note that the amount
                  of employee participation in quality planning may differ between
                  initiatives depending on the scope of the initiative and how employees
                  are impacted by the change.

               
               
               
               When decision making
                  is conducted at lower levels, decisions can be made more quickly
                  and by the person who best understands the nature of the problem.
                  This tends to reduce costs, because the remedy is put in place faster.
                  When empowered employees work directly with customers, for example,
                  they can also provide better and more responsive service, because
                  the customer’s problem is their problem. The worker can often provide
                  an immediate solution, such as offering a replacement product.

               
               
               
               Empowered employees
                  tend to be better workers because they take ownership over their
                  work and gain a sense of meaning from the autonomy that independent
                  decision making provides. Empowerment can also reduce frustration,
                  because employees can omit steps that add no value. Since other
                  employees are likewise involved and empowered, any negative side
                  effects of a change are noticed quickly, and further adjustments
                  can be made. Managers have more time to add value in other ways,
                  such as analyzing results or providing coaching.

               
               
               
               Employee empowerment
                  and involvement are effective ways to stimulate higher productivity,
                  creativity, and employee satisfaction. Empowering members of the
                  team will likely increase their commitment to change efforts. Management,
                  staff, and workers become motivated and free to think about and
                  implement improvements. During difficult times, empowered and involved
                  employees may focus on continuous improvement even more intensely
                  because they believe they can help sustain the organization.

               
               
               
               
                  
                  Critical
                     Success Factors for Employee Empowerment

                  
                  
                  
                  Employee empowerment requires that workers
                     receive clear direction in regard to expectations and understand
                     related policy guidelines. To be successful, employees must receive
                     feedback that tells them how they are performing in relation to
                     goals. Workers must be both capable of controlling process performance
                     and authorized to do so in relation to goals.

                  
                  
                  
                  Employee empowerment can be realized in
                     practice if it is carefully structured. Critical success factors
                     for employee empowerment include the following.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Management shapes policy direction. Employees
                           need clear direction on which to base their production and quality
                           plans and operations.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Management provides feedback. Workers
                           need timely feedback on current performance.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Workers have skills, varying attitudes,
                              and capabilities. Through appropriate hiring processes, training
                           and job rotations, job enlargement and enrichment, and other development
                           activities, workers have the means of correcting processes to achieve
                           intended results.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Quality goal setting is collaborative. Goals
                           imposed by management are not “owned” by workers and therefore are
                           not as effective as goals established with workers.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Management is supportive. Tolerating
                           mistakes is allowed if lessons are learned in the process and workers
                           exhibit a positive attitude toward quality. Workers are not blamed
                           for defects caused by poor design or materials.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The culture of the organization
                              is important. Without changes in ways of working and workplace
                           values, empowerment is not firmly rooted and sustainable.

                        
                        

                     
                     

                  
                  
                  
                  Some of these critical
                     success factors might seem idealistic or hard to apply in some cultures.
                     Empowerment may represent a culture change at the organization.
                     The difficulty of culture change should not be underestimated. Change
                     management and significant time will be needed, but with proper
                     tools and processes, it may be possible to change the working environment
                     of the organization into a disciplined, quality- and continuous
                     improvement-based culture.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Worker Self-Control

            
            
            
            
            
               
               
               
               
               Worker self-control is a methodology
                  from quality management and lean production systems that breaks
                  down the required elements for successful worker empowerment. This
                  methodology helps properly prepare workers, the environment, and
                  the organization’s responsibility and accountability structure to
                  be effective in an empowered worker culture. It can be especially
                  helpful when transitioning from a command-and-control environment
                  to an empowered one.

               
               
               
               Worker self-control is
                  present when individuals at all levels of an organization understand
                  how to achieve planned results in their circle of influence and
                  are held accountable for those results. It provides workers with
                  what they need to meet quality objectives. It is a universal concept
                  applicable to all personnel in the organization.

               
               
               
               As seen in Exhibit 8-36,
                  for workers to be in a state of self-control, they must have the knowledge
                  of what they are supposed to achieve, such as profit goals for a
                  general manager; production, cost, and quality goals for a plant
                  manager; and schedule and specifications for a technician. They
                  must have knowledge of their performance against goals, such as
                  profit, throughput rate, and conformance to specifications. Employees
                  should also have a means of regulating performance to meet goals,
                  such as having the authority and the ability to vary the process
                  or the operator’s own conduct.

               
               
               
               
                  Exhibit 8-36: State of Self-Control[image: ../images/CPIMgraphic2-4c-t01-02.png]
               
               
               
               
               At the top of this exhibit
                  are the three key criteria for the state of self-control, which are
                  the things workers need to have. However, in order for self-control
                  to be successful even when these are present, the organization must
                  ensure that it has an adequate enabling environment in which

               
               
               
               
                  
                  
                  	
                     
                     
                     Worker tasks are planned
                        adequately

                     
                     

                  
                  
                  
                  	
                     
                     
                     Work
                        is standardized and stable

                     
                     

                  
                  
                  
                  	
                     
                     
                     Process
                        variation is within acceptable limits

                     
                     

                  
                  
                  
                  	
                     
                     
                     Workers
                        have tools such as the plan-do-check-action cycle to maintain a
                        state of self-control and continuous improvement.

                     
                     

                  
                  

               
               
               
               Only if both the worker
                  and environmental conditions are present can workers be held responsible
                  for any deficiencies in performance. If management has made sure that
                  the criteria and environmental conditions for a state of self-control
                  are in place, any quality problems that arise can be said to be
                  worker-controllable.

               
               
               
               Conversely, if there
                  are deficiencies or weaknesses in the three key criteria for the state
                  of control (knowledge of what to accomplish, knowledge of performance
                  against goals, and means of regulating performance), quality is
                  no longer worker-controllable but is considered management-controllable.
                  In other words, management is at fault and has work to do before
                  workers can be held responsible.

               
               

            
            
         
         
         
         
            
            
            Job Enlargement and Enrichment

            
            
            
            
            
               
               
               
               
               Jobs must be designed and organizations
                  must be structured in a way that fosters quality management and
                  continuous improvement. Enlargement and enrichment are job design
                  or job redesign criteria. Generally, job enlargement means expanding
                  the number of tasks a worker performs in producing a product. Job
                  enrichment means having more control over how tasks are performed.

               
               
               
               The concepts of job enlargement
                  and job enrichment date back to the mid-20th century. Industry experts
                  began thinking of job redesign as a way to increase the breadth
                  and depth of tasks performed by workers. The term they used for
                  this was generalization (as opposed to specialization). Their concern
                  was with the boredom and worker resistance to highly repetitive
                  jobs with increasingly faster product cycle times. Eventually, a
                  worker reaches a tipping point between high productivity due to repetition
                  and the decline of quality due to loss of interest.

               
               
               
               The culture of lean and
                  quality management systems is squarely in favor of enlarging and
                  enriching jobs for workers. These job changes take advantage of
                  workers’ knowledge, skills, and intellectual capital. Workers become
                  a more flexible and valuable resource.

               
               
               
               Exhibit 8-37 summarizes
                  the characteristics and actions required for four types of job enlargement
                  and enrichment.

               
               
               
               
                  
                  
                  

                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 8-37: Job Enlargement and Enrichment
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Characteristic

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Action

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Skill variety

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Combine sequential tasks into larger work
                                    units. Worker performs more tasks and uses more skills in producing
                                    a product (example of enrichment through horizontal job enlargement).

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Autonomy

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Workers participate in deciding how to
                                    do a job because they are closest to the process. They are decision
                                    makers as well as producers (which involves enrichment through vertical
                                    job enlargement).

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Task identity

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Work is assigned to small teams to assemble
                                    a product, such as a motor vehicle, from start to finish. Workers
                                    thus see and identify strongly with the finished product.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Task significance

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Workers have authority to communicate directly
                                    with customers on production issues.

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               Caution must be exercised with respect
                  to redesigning jobs. Not all people want more responsibility and
                  more-demanding jobs. Before the organization can enlarge or enrich
                  a job, it is important to understand exactly what is done in a job.
                  This is accomplished through a job
                     analysis, defined in
                  the ASCM Supply Chain Dictionary as “a
                  process of gathering (by observation, interview, or recording systems)
                  information about important task-oriented activities and work requirements
                  for employees.”

               
               
               
               Changing the design and
                  organization of jobs is not enough, however. People’s behavior and
                  attitudes also need to change in order to achieve and maintain the desired
                  state of worker self-control. Only through behavioral and attitudinal
                  changes will workers begin to adopt and internalize new ways of
                  working and new workplace values, hence the importance of employee
                  engagement and involvement.

               
               

            
            
         
         
         
         
            
            
            Training

            
            
            
            
            
               
               
               
               
               Employees
                  must have the knowledge, technical skills, attitudes, and job performance capabilities
                  needed to achieve the intended production and quality results, especially if
                  they are held accountable for achieving results. A key way to provide
                  these capabilities is through formal and/or informal training, which
                  could be person-to-person, classroom, self-study (perhaps online),
                  or on-the-job.

               
               
               
               
                  
                  Job Rotation and Cross-Functional Training

                  
                  
                  
                  
                  
                  Methods often
                     used to create complementary skills include job rotation and cross-training.
                     Job rotation allows employees to move or rotate between jobs and
                     gain a wider variety of skills. Cross-training involves training
                     and/or job experience (e.g., while someone is on vacation) in roles
                     outside of a person’s current responsibilities. Both methods take
                     advantage of an opportunity for employees to become a more flexible
                     and valuable resource.

                  
                  
                  
                  Cross-functional
                     training, or cross-training, can improve both organizational success and
                     team performance. Say that an organization has small cell teams,
                     usually between five and ten people, so learning every job is feasible.
                     Cross-training in this scenario ensures that all of the team members
                     learn how to perform all the production processes in the cell. The
                     challenge is that, once the skill is learned, the organization must
                     give the employees opportunities to maintain those skills. The organizations
                     that are most successful require job rotation at least once every
                     shift to keep skills fresh.

                  
                  
                  
                  Some of the benefits of cross-functional
                     training include the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Cost savings. Cross-training
                           helps employees acquire new skills instead of requiring the organization
                           to spend money to recruit candidates from the outside. Shifting
                           employee roles and assigning duties to an existing workforce is
                           always less costly than conducting an external recruitment campaign.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Replacement workers. Improving
                           team performance through cross-training sustains the team’s production
                           levels despite employee absences (due to illness, vacation).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Employee motivation. Nonmonetary
                           recognition is one of the most effective ways to improve employee
                           motivation. Recognition in the form of training and development
                           works wonders for employee motivation, because it is proof that
                           the organization is investing the necessary time and resources for
                           employees to acquire new skills.

                        
                        

                     
                     

                  
                  
                  
                  The overarching goal of cross-functional
                     training is to have more people ready and able to step in and continue
                     production at any point in time. The impact of a good cross-functional
                     training program on quality is that the employees who do step in know
                     and understand the process so that quality does not decrease when
                     an alternate individual or team is performing the work.

                  
                  
               
               
               
               
                  
                  Focused, Timely Training

                  
                  
                  
                  Training programs that
                     effectively help workers to become cross-trained or even just trained
                     in a primary job are difficult to design. According to Juran’s Quality Handbook, there
                     are four reasons why training programs fail:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Timeliness. Training may not
                           be provided when it will be used. If employees receive the training
                           and then have no opportunity to use it or it is months until they
                           need to use the new skills, then the value of the training diminishes.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Wrong things or wrong participants. The
                           right individuals may not be involved in the creation of the training
                           materials so the materials may not be relevant to the audience.
                           In another example, often cross-training is focused on techniques
                           as opposed to being problem- and results-oriented.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Wrong method of delivery. The
                           training could rely too heavily on lecture versus hands-on experience.
                           Training in a production environment is best when it is hands-on
                           and application-based. It is important for employees to apply the concepts
                           during the training.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Over-complication. Information
                           may not be taught at a level the audience can understand. For example,
                           much of the statistical methodology and many of the processes involved
                           in continuous improvement are complex. Training should use simple
                           language and graphical techniques to demystify the concepts.

                        
                        

                     
                     

                  
                  
                  
                  The definition of training
                     failure is that the program does not result in the desired change
                     in behavior. Therefore, effective training programs need to be provided
                     just in time. Material preparation and training delivery needs to
                     be a team effort. Training teams need persons who have expertise
                     in the area and in training material preparation and who are good
                     at training delivery. The training should have a work simulation
                     or on-the-job work phase that immediately follows or is integrated
                     into self-study or classroom training components. A plan-do-check-action
                     cycle can be used with a test audience to ensure that the training
                     focuses on what the person needs to know and is neither too general
                     to be useful nor too detailed or technical for the audience. Feedback
                     should be used to refine the training.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Performance Appraisals and Rewards

            
            
            
            
            
               
               
               
               
               One of management’s most important challenges
                  is to motivate employees and build their wholehearted commitment.
                  An effective appraisal and reward system for employee behavior and
                  accomplishments is part of this task.

               
               
               
               An efficient employee
                  recognition and reward system may have a beneficial effect upon
                  performance in several ways—instilling a sense of ownership, facilitating
                  a long-term focus with continuous improvement, reducing service
                  operating costs, promoting teamwork, minimizing employee dissatisfaction,
                  and enhancing employee interest in the financial performance of
                  the company.

               
               
               
               The ASCM Supply Chain Dictionary defines
                  related terms as follows:

               
               
               
               
                  
                  Performance appraisal: Supervisory or peer analysis
                     of work performance. This appraisal may be made in connection with
                     wage and salary review, promotion, transfer, or employee training.

                  
                  Performance measure: In a performance measurement
                     system, the actual value measured for the criterion.

                  

               
               
               
               Organizations use performance
                  appraisals to evaluate employees on how they have fared against
                  the goals and objectives set by their managers. Managers can use appraisals
                  to recognize extraordinary efforts as well as areas for improvement.
                  An effective evaluation is direct and precise, meaning that there
                  is no over-the-top praise, no glossing over weaknesses, and no surprises.
                  Support, encouragement, and constructive criticism can motivate
                  employees to try even harder.

               
               
               
               To be successful, an
                  organization must strike a balance between reprimand and reward.
                  Some stress and pressure in the work environment can be motivational
                  or necessary, but too much can harm strategy execution.

               
               
               
               Appraisal should be tied
                  to an employee development program that encourages important group
                  performance requirements. Some organizations choose to involve many
                  appraisers in the process and use the 360-degree appraisal process.
                  Individuals receive feedback from the manager, the supervisor, team
                  members, and any direct reports. Some organizations even go so far
                  as to include internal and external suppliers and customers in the
                  gathering of the 360-degree feedback. This technique is highly useful
                  in terms of a broader perspective and greater self-development.

               
               
               
               An effective appraisal
                  process avoids a sole focus on past performance and focuses instead
                  on assisting employees in their future jobs and quality efforts.

               
               
               
               Performance appraisals
                  are useful in measuring direct labor performance in the following
                  categories:

               
               
               
               
                  
                  
                  	
                     
                     
                     Ideas. As a category, this
                        can be subjective, but that is not a reason not to use it. The adoption
                        of suggestions by a team or individual can be used as a criterion.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Teamwork. This also is a subjective
                        but important category. In an environment that promotes teamwork
                        as a norm, exceptional team players need recognition.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Flexibility. As workers are
                        trained and certified in different skills, their ability to perform
                        a wider range of tasks increases and can be documented. A worker’s degree
                        of flexibility thus is relatively easy to identify.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Quantity. Quantity of output
                        is a quantifiable measure, but it generally is a measure of a team’s
                        accomplishments rather than an individual’s.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Quality. Quality can also be
                        measured objectively through mathematical comparisons to standards
                        and statistical analysis. Again, it is usually measured at the team
                        rather than the individual level. It often is difficult to assign responsibility
                        for defects to individuals. Defects could be caused by poor product design,
                        defective components, or workers not having the right skill level.
                        In such instances, the problem should be under the control of managers,
                        not the individuals or the team as a whole.

                     
                     

                  
                  

               
               
               
               Employee motivation and
                  rewards can take many forms, including

               
               
               
               
                  
                  
                  	
                     
                     
                     Stating the strategic
                        vision in inspirational terms

                     
                     

                  
                  
                  
                  	
                     
                     
                     Creating
                        a work atmosphere with sincerity, caring, and mutual respect

                     
                     

                  
                  
                  
                  	
                     
                     
                     Having
                        a safe, clean, and attractive workplace with sufficient amenities

                     
                     

                  
                  
                  
                  	
                     
                     
                     Providing
                        attractive benefits

                     
                     

                  
                  
                  
                  	
                     
                     
                     Relying
                        on promotion from within whenever possible

                     
                     

                  
                  
                  
                  	
                     
                     
                     Making
                        sure that employees’ ideas and suggestions are valued

                     
                     

                  
                  
                  
                  	
                     
                     
                     Sharing
                        information with employees about financial performance, strategy, operational
                        measures, market conditions, and competitors’ actions

                     
                     

                  
                  
                  
                  	
                     
                     
                     Being
                        flexible in the approach to people management in multicultural environments.

                     
                     

                  
                  

               
               
               
               As organizations begin
                  to rely on more and more self-managed teams, there may be a need
                  to reconsider existing reward systems. Appraisal and reward systems
                  that measure individuals against narrow job responsibilities and
                  specific tasks may become obsolete. Imaginative systems for measuring
                  and rewarding workers have been introduced in recent years, including
                  team-related peer assessment, team appraisals by management with
                  each team member getting identical rewards, and the completely salaried
                  workforce that benefits from profit sharing.

               
               

            
            
         
         
   
      
         
         
         
         Topic 4: Relationship
            Improvement Tools

         
         
         
         
            
            
            Here
               we cover the importance of focusing supply chain relationship improvements
               on priorities along with ways to make this happen. Then we discuss
               the following supply chain relationship improvement tools for continuous
               improvement:

            
            
            
            
               
               
               	
                  
                  
                  Quality function deployment (QFD), including
                     the house of quality and the voice of the customer

                  
                  

               
               
               
               	
                  
                  
                  Partnership-based
                     quality planning

                  
                  

               
               
               
               	
                  
                  
                  Supplier
                     feedback, including the SIPOC model

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Focusing Supply
               Chain Improvements on Priorities

            
            
            
            
            
               
               
               
               
               The
                  results of performance evaluations may lead to a need to improve
                  relationships with suppliers and/or customers. However, it is important
                  to focus performance evaluations on the organization’s priorities
                  related to quality, speed, dependability, flexibility, and cost.
                  Note that different products may have different priorities because they
                  may use different manufacturing environments, supply chains, or
                  supply chain intermediaries.

               
               
               
               Supply chain quality
                  improvement can be enabled by management endorsement, cross-functional
                  quality improvement teams, and Pareto analysis.

               
               
               
               
                  
                  Management
                     Endorsement

                  
                  
                  
                  Executive-level
                     leadership can be effective in launching cross-functional customer
                     and supplier teams by publicly endorsing and actively supporting
                     joint planning and synchronizing operations with suppliers and customers.

                  
                  
                  
                  Many companies are still
                     relatively unacquainted with this way of doing business with customers
                     or suppliers. Managers and workers are being asked to learn new
                     ways of working and interacting with other departments in their
                     own as well as partner organizations. Occasional meetings between
                     executives of the companies involved demonstrate the value of cross-functional
                     and multiple-company collaboration.

                  
                  
               
               
               
               
                  
                  Cross-Functional
                     Quality Improvement Teams

                  
                  
                  
                  
                  Supply
                     chain quality improvement teams include customer and supplier representatives.
                     They take a cross-functional approach to improving supplier quality, material
                     planning, production, and delivery activities.

                  
                  
                  
                  The objectives of cross-functional improvement
                     teams are as follows:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        To
                           coordinate supply chain management strategies and operations of
                           customers and suppliers

                        
                        

                     
                     
                     
                     	
                        
                        
                        To
                           identify and attack chronic problems

                        
                        

                     
                     
                     
                     	
                        
                        
                        To
                           implement cost-reduction efforts

                        
                        

                     
                     
                     
                     	
                        
                        
                        To
                           encourage and lead customer and supplier collaboration to generate
                           value and eliminate waste

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Pareto
                     Analysis

                  
                  
                  
                  
                  During supply chain
                     performance evaluations, it is important for the organization to stay
                     focused by, for example, conducting a Pareto analysis of its suppliers
                     or customers. Often the focus is on too many things and nothing
                     is addressed. The Pareto analysis can help in focusing on the few
                     vital problems, suppliers, or customers and attacking those first.
                     The analysis helps cross-functional customer and supplier teams determine
                     their priorities, resource requirements, and schedules. Examples
                     of problems that Pareto analysis can put into perspective include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Defects and lot rejections
                           by part and lot numbers

                        
                        

                     
                     
                     
                     	
                        
                        
                        Losses
                           by product family

                        
                        

                     
                     
                     
                     	
                        
                        
                        Losses
                           by process type (milling, turning, drilling)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Volume
                           and percentages of purchases from suppliers by type of product

                        
                        

                     
                     
                     
                     	
                        
                        
                        Part
                           purchases by percentage of dollar volume.

                        
                        

                     
                     

                  
                  
               
               

            
            
         
         
         
         
            
            
            Quality Function Deployment (QFD)

            
            
            
            
            
               
               
               
               
               The ASCM Supply Chain Dictionary defines quality function deployment (QFD) as follows:

               
               
               
               
                  
                  A
                     methodology designed to ensure that all the major requirements of
                     the customer are identified and subsequently met or exceeded through
                     the resulting product design process and the design and operation
                     of the supporting production management system. QFD can be viewed
                     as a set of communication and translation tools. QFD tries to eliminate
                     the gap between what the customer wants in a new product and what
                     the product is capable of delivering. QFD often leads to a clear identification
                     of the major requirements of the customers. These expectations are referred
                     to as the voice of the customer.

                  

               
               
               
               Quality function
                  deployment is a type of value analysis that helps organizations manage
                  tradeoffs between various customer needs when developing or improving products.
                  Consider our case study door manufacturer. Making a door thicker
                  will make it more resistant to break-ins and it will insulate better,
                  but it will also be heavier and more expensive and will need sturdier
                  hardware. QFD not only helps ensure that actual customer requirements
                  are considered; it weighs the consequences of various engineering
                  responses to those requirements. It also looks at how a product’s
                  specifications and features compare to those of the competition
                  so the organization can remain competitive relative to evolving
                  customer priorities.

               
               
               
               Exhibit 8-38 shows
                  the QFD process.

               
               
               
               
                  Exhibit 8-38: Quality Function Deployment[image: ../images/CPIMgraphic2-4d-t01-02.png]
               
               
               
               
               QFD can be used to determine
                  customer requirements for a new product or service or for updates
                  or modifications to an existing product or service. Determining
                  these requirements can be accomplished by using the voice of the
                  customer. After collecting this information, the next step is to
                  construct a house of quality.

               
               
               
               
                  
                  Voice
                     of the Customer

                  
                  
                  
                  
                  
                  The Dictionary defines the voice of the customer (VOC) as
                     follows:

                  
                  
                  
                  
                     
                     Actual customer descriptions in words for
                        the functions and features customers desire for goods and services.
                        In the strict definition, as related to quality function deployment,
                        the term customer indicates the external customer of the supplying entity.

                     

                  
                  
                  
                  The voice of the
                     customer is a process used to capture requirements and/or feedback from
                     the customer (internal or external) in order to help provide the
                     customer with best-in-class service/product quality. It is used
                     not only in QFD but also on its own to gather information on customer
                     requirements for product functions and features as well as related
                     services such as fast delivery. VOC might gather customer feedback
                     on the organization’s product and on competitors’ products (if customers
                     have experience with them). It may require interviewing customers
                     or using surveys. Surveys could have sections with structured responses
                     (e.g., requiring the customer to make a selection from a 1 to 5
                     range, called a Likert scale). However, for true VOC collection,
                     surveys should also allow unstructured responses, such as including
                     blank fields for responding to general questions.

                  
                  
                  
                  Customer
                     feedback includes information on both actual and perceived quality. Perceived quality is “one of
                     the eight dimensions of quality that refers to a subjective assessment
                     of a product’s quality based on criteria defined by the observer” (Dictionary).

                  
                  
                  
                  The QFD process is
                     all about being proactive and constantly innovative to capture the changing
                     requirements of the customers with time.

                  
                  
                  
                  Assuming that the organization has listened
                     to the customer and captured their requirements and/or feedback,
                     what should the organization do with that information? Many organizations
                     use the information gathered to

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Define
                           the difference between what is value-added versus waste.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Determine
                           new product features by working backward. They start at the desired end
                           product and reverse-engineer it to determine the appropriate manufacturing environment.

                        
                        

                     
                     

                  
                  
                  
                  The voice of the customer
                     concept is often used in its own right as a way of referring to
                     customer expectations and requirements even when QFD is not used.

                  
                  
               
               
               
               
                  
                  House of Quality

                  
                  
                  
                  
                  Once customer requirements are
                     gathered, the results are compiled and a house of quality (so called
                     because of the shape of the matrix used) can be constructed. The house of quality is defined by
                     the Dictionary as follows:

                  
                  
                  
                  
                     
                     A structured process that relates customer-defined attributes
                        to the product’s technical features needed to support and generate these
                        attributes. This technique achieves this mapping by means of a six-step
                        process: (1) identification of customer attributes, (2) identification of
                        supporting technical features, (3) correlation of the customer attributes
                        with the supporting technical features, (4) assignment of priorities to the
                        customer requirements and technical features, (5) evaluation of competitive
                        stances and competitive products, and (6) identification of those technical
                        features to be used (deployed) in the final design of the product. HOQ is
                        part of the quality function deployment (QFD) process and forces designers
                        to consider customer needs and the degree to which the proposed designs
                        satisfy these needs.

                     

                  
                  
                  
                  Exhibit 8-39 shows
                     a house of quality, basically a matrix with inputs at the left and outputs
                     at the top.

                  
                  
                  
                  
                     Exhibit 8-39: House of Quality[image: ../images/CPIMgraphic2-4d-t01-03.png]
                  
                  
                  
                  
                  The
                     first step in building the house is to enter customer needs and
                     wants—often called “whats”—in the inputs rectangle at the left of
                     the house in a series of rows. The point of a house of quality is
                     to translate these wants into a balanced set of technical product
                     and service requirements. A numeric priority ranking, such as 1
                     to 5, is then entered in the customer importance area for each item

                  
                  
                  
                  For each of the customer’s
                     needs and wants, an analysis is made of existing and competing products.
                     That analysis appears in the far right rectangle of the house.

                  
                  
                  
                  Next, technical requirements,
                     or the counterparts to customer needs and wants, are identified
                     in the rectangle immediately above the relationship matrix in the
                     middle. This provides a technical response for each “what.” The
                     technical requirements are called “hows” because they represent
                     how the firm will respond to the “whats” of the customer.

                  
                  
                  
                  At the very bottom
                     of the house, the corresponding target engineering values are entered.
                     These are the engineering characteristics that will provide the
                     technical capability in question. For each row listing a customer
                     want, there should be a corresponding technical requirement.

                  
                  
                  
                  This will be a direct
                     match in the center of the house. The remainder of the center of the
                     house shows where a different technical requirement might support
                     or conflict with the given customer want.

                  
                  
                  
                  Finally, the various technical requirements
                     are compared with one another directly and assigned a plus or minus
                     sign (or neither) in the roof of the house, which is called a correlation
                     matrix. It shows the relationship between the “hows” by indicating additional
                     areas of supporting or conflicting requirements. The point is to
                     ensure that all tradeoffs are recognized in the design effort.

                  
                  
                  
                  The key issue here
                     is that the customer’s needs and wants are linked throughout the entire
                     process. When a customer need is recognized, the product or service
                     design processes react to and support that need to the degree possible.

                  
                  
                  
                  The end result of
                     a house of quality analysis should be a product design that reflects customer
                     priorities while minimizing tradeoffs and that omits features that
                     are not in demand. This will keep costs lower while maintaining
                     or increasing customer satisfaction.

                  
                  
                  
                  
                     
                     
                     
                        Door Manufacturer
                           Case Study Example
                        

                     
                     
                     
                     Our
                        door manufacturer is designing a vandalproof commercial door for
                        easy graffiti removal and good security from break-ins and wants
                        to ensure that the design reflects what customers desire. An example
                        of a house of quality is shown in Exhibit 8-40 for
                        the product. The manufacturer will use this matrix to evaluate customer
                        requirements against possible designs and to compare them with competitors’
                        products. The output of the exercise is a numeric score that helps
                        set the direction for the new design.

                     
                     
                     
                     
                        Exhibit 8-40: House of Quality for a Vandalproof Commercial Door[image: ../images/CPIMgraphic1j-t04-03.png]
                     
                     
                     
                     
                     The
                        first step in building the house is to enter customer needs and wants—“whats”—in
                        the rectangle at the left of the house. To translate these into
                        a balanced set of technical product and service requirements, a
                        1 to 5 priority ranking is recorded in the priority column for each
                        item. For example, easy graffiti removal is a priority for customers
                        who choose this commercial door type, so this is given a 5 in the
                        numerical ranking of customer needs.

                     
                     
                     
                     For each of the customer’s needs and wants,
                        an analysis is made of existing and competing products along those
                        dimensions. That analysis appears in the far right rectangle of
                        the house. The organization (U) is ranked against two competitors
                        (X and Y) for each customer need on a scale of low to high. The
                        organization has the best graffiti removal, for example, but competitors
                        have much better insulation value.

                     
                     
                     
                     Next, technical requirements, or the counterparts
                        to customer needs and wants, are identified in the columns immediately
                        above the relationship matrix in the middle. The technical requirements—“hows”—provide
                        a technical response for each “what.”For example, for the vandalproofing
                        technical requirement, at the very bottom of the house, the corresponding
                        target engineering value is listed as “Polycarbonate thickness 1
                        mm” to indicate the required thickness of this vandalproofing material. Note
                        how each row listing a customer want has a corresponding technical requirement.
                        These boxes are shaded to show a direct relationship. The remainder
                        of the center of the house shows where a different technical requirement
                        might support (+) or conflict (–) with the given customer want.
                        For example, there is a plus where insulation value and glass thickness
                        meet in the center area to indicate that thicker glass will provide
                        more insulation. However, there is a minus where long-term attractiveness
                        and vandalproofing meet, because this plastic coating is less scratch-resistant
                        than glass.

                     
                     
                     
                     In the
                        roof of the house (correlation matrix), the various technical requirements
                        are compared and are assigned relationship ratings. For example,
                        there is a plus where break-in resistance and door durability meet
                        (supporting requirement), because thicker stainless steel will improve
                        break-in resistance. However, there is a minus where smooth operation
                        and glass thickness meet (conflicting requirement), because a heavier
                        door will have less-smooth operation. These tradeoffs are recognized
                        in the design.

                     
                     
                     
                     Note
                        that there is a responsibility code at the very bottom of the house.
                        This indicates which functional area or person will design this
                        part of the product.

                     
                     
                  
               
               

            
            
         
         
         
         
            
            
            Partnership-Based Quality Planning

            
            
            
            
            
               
               
               
               
               Partnership-based
                  quality planning is an example of how to establish collaborative relationships
                  between suppliers, manufacturers, and intermediate customers, which is
                  a key principle of supply chain design.

               
               
               
               Techniques used in partnership-based
                  quality planning are shown in Exhibit 8-41.

               
               
               
               
                  
                  
                  

                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 8-41: Partnership-Based Quality Planning Techniques
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Techniques

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Key Activities and Issues

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Teams

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Supplier, manufacturer, and customer teams
                                    plan joint activities such as quality planning. Teams are formed
                                    to address many other issues, such as training of supplier personnel,
                                    design review, demand, sales projections and schedule sharing, and
                                    delivery policies.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Multiple channels

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Communication between supplier and customer
                                    takes place at many levels and not just between sales and purchasing.
                                    Teams naturally communicate at many different levels.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Value engineering

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Joint efforts focus on eliminating waste
                                    and reducing costs because of over-specification of product requirements.
                                    Waste could be caused by conformance to specifications and not fitness
                                    for use.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Total cost of ownership

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Teams collaborate on reducing costs other
                                    than the purchase price. This includes quality and other costs such
                                    as inspections, downtime, returns, excess inventory, and disposal.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Other quality-related planning activities

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 This includes planning for activities that
                                    affect the parties, such as (1) lot identification and traceability
                                    for use in product recalls or warnings, (2) establishment of acceptable
                                    quality levels, (3) sampling plans for inspection and test activity,
                                    (4) standardization of test methods and conditions used by the supplier
                                    and the customer for the same items, (5) agreement on meaning of
                                    performance requirements in specifications, and (6) classification
                                    of defects using Pareto analysis to focus on the vital few.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Co-location

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Co-location is
                                    “placing project team members in physical proximity to facilitate communication
                                    and working relationships” (ASCM
                                       Supply Chain Dictionary). When used with suppliers, a supplier
                                    representative is located on site at the organization acting in
                                    the role of a contractor. The supplier helps ensure that materials
                                    are on hand and are used or installed properly and collects feedback
                                    on quality or process issues.

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               Execution of these techniques can be
                  challenging. The following steps for successful partner collaboration
                  and performance management are suggested by Juran’s Quality Handbook:

               
               
               
               
                  
                  
                  	
                     
                     
                     Assemble a cross-functional
                        team.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Select
                        critical performance metrics and minimum standards of performance.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Assess
                        supplier/intermediate customer performance: quality system, business management,
                        product fitness for use, willingness to share data, quality of forecasts,
                        support for sustainability policies, etc.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Reduce
                        the supplier/intermediate customer base to those that can meet minimum standards.

                     
                     

                  
                  

               
               
               
               These quality control
                  steps focus on applying the partnership-based quality planning techniques
                  mentioned above throughout the contracting, certification, rating,
                  and quality measurement processes.

               
               
               
               
                  
                  Teams
                     and Contract Execution

                  
                  
                  
                  
                  
                  One of the techniques of partnership-based quality
                     planning is the use of cross-functional teams for contract execution
                     and quality control activities.

                  
                  
                  
                  The supply chain quality control techniques
                     most often used during contract execution with suppliers include
                     the following:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Product sample evaluation. The
                           supplier submits test results from production tooling and a sample
                           from the first production lot (before it is shipped) to the buyer’s
                           representative for process control evaluation.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Design changes. Design changes
                           can be made by the supplier or the customer. The impact on processes,
                           tools, instruments, and procedures is determined. The customer communicates
                           detailed design change information to the supplier.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Supplier quality surveillance. This
                           involves continuous monitoring of the supplier quality system, including
                           procedures, methods, conditions, processes, products, services,
                           statistical process control results, and documentation.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Product evaluation. Different
                           methods are applicable based on the type of item and the supplier’s
                           quality record.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Action on nonconformance. Defects
                           (their symptoms and possible causes) need to be reported to the
                           supplier. Issues to be resolved include agreed-upon time frames
                           for supplier response, disposition of the items, repair, costs,
                           root causes, measurement of response effectiveness, and prevention
                           of recurrence.

                        
                        

                     
                     

                  
                  
                  
                  Many
                     of the techniques for assessing the manufacturing process can also
                     be used to assess supplier manufacturing, but the specific tools
                     may need to be specified within the contract.

                  
                  
               
               
               
               
                  
                  Selecting Collaboration Technologies
                     and Methodologies

                  
                  
                  
                  
                  
                  
                  
                  Organizations are realizing that to compete
                     globally they need to effectively source globally. With the complexity
                     brought on by rapidly expanding supply chain networks, expanding
                     global markets, and facilities around the world supporting those
                     growing markets, it has become essential to the optimal performance
                     of supply chains that all involved parties are committed to frictionless
                     supply chain collaboration.

                  
                  
                  
                  Effective
                     collaboration with supply chain partners requires sharing valuable information
                     in real time. The most efficient way to do this is through the use
                     of technology or electronic collaboration plus a methodology such
                     as collaborative planning, forecasting, and replenishment.

                  
                  
                  
                  Collaboration technologies
                     can include the shared database of an enterprise resources planning
                     (ERP) system. Because this database has data on multiple functional
                     areas, it can provide a holistic view of the impact of tradeoffs
                     between conflicting needs in various parts of the organization.
                     If partner ERP systems are interconnected, this view can extend
                     to the supply chain. Information received on a timely basis allows
                     the organization to carry less inventory while allowing the supplier
                     to plan more efficiently.

                  
                  
                  
                  Another
                     way to manage collaboration is through supplier
                        scheduling, which the Dictionary defines as follows:

                  
                  
                  
                  
                     
                     A
                        purchasing approach that provides suppliers with schedules rather
                        than with individual hard-copy purchase orders. Normally, a supplier
                        scheduling system will include a business agreement (contract) for
                        each supplier, a weekly (or more frequent) schedule for each supplier
                        extending for some time into the future, and individuals called
                        supplier schedulers. Also required is a formal priority planning system
                        that works well because it is essential in this arrangement to provide
                        the supplier with valid due dates.

                     

                  
                  
                  
                  Supplier scheduling is a push/pull system
                     in that forecasting, capacity planning, annual contracts, and strategic
                     inventory planning are push elements while firm weekly schedules,
                     priority planning, and kanban replenishment authorizations are pull
                     elements.

                  
                  
                  
                  Vendor-managed
                     inventory (VMI) is a similar form of supplier-buyer collaboration, where
                     the supplier plans inventory replenishment and schedules deliveries
                     based on the customer’s inventory balances, historical usage, and
                     projections of exceptional usage (sales promotions, etc.). This
                     could be a push or pull approach, depending on delivery lead time.
                     Customers may provide a forecast, or suppliers may rely on their own
                     forecast based on usage or sales history. Suppliers may also visit
                     the facility at predetermined intervals to physically review inventory
                     levels and then replenish the inventory as required. The supplier
                     and the customer collaborate on desired inventory levels, performance
                     measures, and frequency of reporting inventory balances and usage/sales
                     to the supplier.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Supplier Feedback

            
            
            
            
            
               
               
               
               
               Supplier partnerships also need
                  continuous improvement. The concept of quality at the source includes
                  receiving quality components from suppliers. When evaluating a supplier,
                  organizations may consider the following.

               
               
               
               
                  
                  
                  	
                     
                     
                     Supplier’s
                           design capabilities. A supplier may be asked to create a new
                        design or prototype, and the customer will then run qualification
                        tests on it and provide feedback. Prototyping is
                        “a specialized product design and development process for developing
                        a working model of a product” (ASCM
                           Supply Chain Dictionary). The customer also evaluates the supplier’s
                        design capabilities and its quality system.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Supplier’s manufacturing process. The
                        organization can evaluate the supplier’s manufacturing process through
                        data on past performance on similar products or by conducting a
                        process capability analysis or completing a quality survey.

                     
                     

                  
                  

               
               
               
               Supplier and customer feedback can also be used
                  to improve the business process flows between partners. This can
                  be done using a SIPOC (supplier-input-process-output-customer) analysis.
                  SIPOC is a visual tool for documenting a business process from beginning
                  to end on one page. The purpose may be to give people a starting point
                  for learning about a process, to start documenting a process, or
                  to kick off an improvement event such as kaizen. The Dictionary defines supplier-input-process-output-customer
                     (SIPOC) diagram as follows:

               
               
               
               
                  
                  A
                     high-level process map that shows substantial subprocesses in an
                     organization’s process together with the structure of the process
                     represented by the suppliers, inputs, outputs, and customers. A
                     SIPOC diagram defines the critical aspects of a process without
                     losing the overall perspective.

                  

               
               
               
               The elements of SIPOC
                  include

               
               
               
               
                  
                  
                  	
                     
                     
                     S (suppliers). The entities
                        that provide input(s) to a process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     I (inputs). All that is used
                        (mostly as variables) to produce one or more outputs from a process.
                        It is worthwhile to note that infrastructure may not be considered as
                        inputs to a steady-state process, since any variability induced
                        by such elements remains fixed over longer periods of time.

                     
                     

                  
                  
                  
                  	
                     
                     
                     P (processes). Steps or activities
                        carried out to convert inputs to one or more outputs. In a SIPOC,
                        the process steps are shown at a high level.

                     
                     

                  
                  
                  
                  	
                     
                     
                     O (outputs). One or more outcomes
                        or physical products emerging from a process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     C (customers). The entities
                        that use the output(s) of a process.

                     
                     

                  
                  

               
               
               
               The steps to complete
                  a SIPOC like the one seen in Exhibit 8-42 are
                  as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     Start with the center
                        row, “Processes.” This row is kept simple. Ideally, it lists no more
                        than five steps and each step consists of an action and a subject
                        (verb/noun).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Once
                        the team agrees on how the processes have been documented, they
                        move on to list the “Outputs” and the “Customers” of the process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Then
                        they work backward from the center to identify the “Inputs” and
                        “Suppliers.”

                     
                     

                  
                  
                  
                  	
                     
                     
                     Finally,
                        they validate the process map by working with the functions that
                        perform the steps.

                     
                     

                  
                  

               
               
               
               
                  
                  
                  

                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 8-42: SIPOC Chart for a Powder-Coating Process
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               In six sigma, SIPOC is
                  often used during the “Define” phase of the DMAIC improvement steps.
                  The purpose of developing a SIPOC with suppliers is to identify
                  the sources of variation. The ultimate goal is to reduce variation
                  in process output.

               
               
               
               A supplier quality evaluation
                  is another tool that is used to gather feedback on a supplier. It
                  is usually a self-assessment completed by the supplier on their
                  capabilities to meet quality requirements on production lots. The
                  evaluation of quality activities is quantified by a score. Some
                  organizations use this evaluation as part of the selection process;
                  others use it as an ongoing evaluation tool. An evaluation could
                  be a simple as a survey or as complex as an on-site visit to the
                  supplier’s facility.

               
               
               
               As the organization uses
                  the various evaluation tools to gather feedback on the supplier,
                  it is important that any findings be communicated to the supplier—specifically,
                  areas of nonconformance. These should include a precise description
                  of the defect. Ideally, these also include a sample.

               
               

            
            
         
         
   
      
         
         
         
         Topic 5: Structured
            Problem-Solving Tools

         
         
         
         
            
            
            Many tools can be used
               for problem solving. The tools we discuss here are

            
            
            
            
               
               
               	
                  
                  
                  Six sigma and DMAIC

                  
                  

               
               
               
               	
                  
                  
                  The
                     plan-do-check-action cycle

                  
                  

               
               
               
               	
                  
                  
                  Brainstorming
                     and the nominal group technique

                  
                  

               
               
               
               	
                  
                  
                  Root
                     cause analysis

                  
                  

               
               
               
               	
                  
                  
                  Fault
                     tree analysis

                  
                  

               
               
               
               	
                  
                  
                  Design
                     of experiments

                  
                  

               
               

            
            

         
         
         
         
         
            
            
            Six Sigma

            
            
            
            
            
               
               
               
               
               Six sigma is a quality and process improvement
                  methodology. The ASCM Supply Chain Dictionary defines six sigma as follows:

               
               
               
               
                  
                  A
                     methodology that furnishes tools for the improvement of business
                     processes. The intent is to decrease process variation and improve
                     product quality.

                  

               
               
               
               Six sigma has much in
                  common with lean, and many organizations implement them together,
                  in lean six sigma, which focuses on both problem solving and process improvement.
                  The Dictionary defines lean six sigma as follows:

               
               
               
               
                  
                  A
                     methodology that combines the improvement concepts of lean and six
                     sigma. It uses the seven wastes of lean and the define, measure,
                     analyze, improve, control (DMAIC) process from six sigma and awards
                     recognition of competence through judo-style belts.

                  

               
               
               
               
                  
                  Objectives of Six Sigma

                  
                  
                  
                  
                  The
                     objectives of six sigma are to provide high customer satisfaction
                     and to achieve low product return rates by systematically reducing
                     variation in all manufacturing and business processes to very low
                     levels, as expressed in the ASCM
                        Supply Chain Dictionary definition of six
                        sigma quality:

                  
                  
                  
                  
                     
                     The
                        six sigma approach is a set of concepts and practices that focuses
                        on reducing variability in processes and reducing deficiencies in
                        the product. Important elements are (1) producing only 3.4 defects
                        for every 1 million opportunities or operations and (2) process
                        improvement initiatives striving for six sigma-level performance.
                        Six sigma is a business process that permits organizations to improve bottom-line
                        performance by creating and monitoring business activities to reduce waste
                        and resource requirements while increasing customer satisfaction.

                     

                  
                  
                  
                  At this rate of 3.4
                     defects for every one million opportunities or operations, the upper and
                     lower specification limits will create a doorway that is twice as
                     wide as the vast majority of the process spread (the six sigma control
                     limits). Note that an opportunity for an error could be a failure
                     of any specification, so a single product with many specifications
                     and many related services (e.g., delivery lead time, billing) with
                     their own specifications would represent potentially hundreds of
                     opportunities for errors.

                  
                  
                  
                  Note also that this defect rate sets the
                     intended level of process quality in six sigma at an extraordinarily
                     high level. Six sigma was developed for producing electronic components
                     with a high degree of precision. However, the level of precision
                     that is feasible may vary by industry. The point is to ruthlessly
                     eliminate root causes of problems so that a process can be far more
                     reliable.

                  
                  
               
               
               
               
                  
                  Six Sigma Methodology

                  
                  
                  
                  The six sigma methodology
                     was developed in the 1980s at the Motorola Corporation, which developed
                     complex systems that required very low error rates in all of its components
                     in order for its final products to have low error rates. To achieve
                     these unprecedented levels of quality, Bill Smith, a reliability
                     engineer at Motorola, developed a combined approach for process
                     improvement and problem solving based partly on lean methodologies.

                  
                  
                  
                  Like lean, six sigma
                     needs to be initiated at the top levels of management, and it requires
                     employee involvement and empowerment at all levels. Managers at
                     middle levels need to translate the goals and guidelines provided
                     by executives into process goals and performance measures. Even
                     more than total quality management, six sigma is evidence-based,
                     meaning that organizations need to develop more precise ways of
                     measurement to align with their much higher goals for process improvement.

                  
                  
                  
                  Six sigma has the
                     following major concepts:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Begin
                           with the customer’s needs in mind.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Variation
                           is the cause of defects.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The
                           output of any process is a function of its inputs.

                        
                        

                     
                     

                  
                  
                  
                  Many industries,
                     such as the airline or automotive industries, need very high levels
                     of quality due to product liability. However, even industries in
                     which this level of precision would be cost-prohibitive and not
                     required by the customer can use six sigma to significantly improve
                     their quality.

                  
                  
               
               
               
               
                  
                  DMAIC

                  
                  
                  
                  
                  DMAIC is a six sigma tool used
                     for quantitative process analysis and improvement. The Dictionary defines the DMAIC
                     process as follows:

                  
                  
                  
                  
                     
                     Define, measure,
                           analyze, improve, control (DMAIC) process: A six sigma improvement
                        process composed of five stages:

                     
                     (1) Determine the nature of the problem;

                     
                     (2) Measure existing
                        performance, and commence recording data and facts that offer information
                        about the underlying causes of the problem;

                     
                     (3) Study the information to determine
                        the root causes of the problem;

                     
                     (4) Improve the process by effecting solutions
                        to the problem; and

                     
                     (5)
                        Monitor the process until the solutions become ingrained.

                     

                  
                  
                  
                  A prior step is
                     sometimes added, recognize. Recognition means that there is evidence of
                     variation in the output of a process. This then leads to the five
                     DMAIC steps: define, measure, analyze, improve, and control. Two
                     other steps are sometimes added after these, standardize and integrate.
                     Standardize involves documenting the process and training operators
                     to ensure that it becomes the new standard; integrate involves implementing
                     the process change.

                  
                  
                  
                  Exhibit 8-43 shows
                     the key activities, selection factors, potential evaluation tools,
                     and considerations at each step of the DMAIC process.
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                                          Opinions
                                             and knowledge from line managers and workers as to symptoms and
                                             hypotheses

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Process
                                             map

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Cause-and-effect
                                             diagrams

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Brainstorming

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Pareto
                                             chart

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Process
                                             capability measurement

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Videotaping

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Analyze

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Collect
                                             and analyze data.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Test
                                             hypotheses of sources of variations and cause-and-effect relationships.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Diagnose
                                             and present proven root causes and alternative remedies to be tested.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Data
                                             collection and analysis plan

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Hypotheses
                                             of cause-and-effect relationships

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Root
                                             cause analysis

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Process
                                             capability analysis

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Product-process dissection

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Cause-and-effect
                                             diagrams and five whys

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Control
                                             charts

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Process
                                             maps

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Check
                                             sheets

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Pareto
                                             chart

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Scatter
                                             charts and regression analysis

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Improve

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Evaluate
                                             alternative remedies.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Design
                                             and test remedies.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Deal
                                             with resistance to change.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Transfer
                                             remedy to operations.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Alternative
                                             remedies from analysis

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Remedy
                                             selection matrix

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Experiment/test
                                             designs

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Transition
                                             management plan

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Dominant
                                             variable testing

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Exploratory
                                             experiments

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Simulation

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Production
                                             experiments

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Change
                                             management methods

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                              
                              
                                 
                                 
                                 	
                                    
                                    
                                    Control

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Design
                                             controls and document improved process.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Validate
                                             measurement system.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Determine
                                             final process capability.

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Implement
                                             and monitor process controls.

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Measurements
                                             of new process performance against new standard

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Revised
                                             process map

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Process
                                             audits

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 
                                 
                                 	
                                    
                                    
                                    
                                       
                                       
                                       	
                                          
                                          
                                          Mistake
                                             proofing (poka-yoke)

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Five
                                             Ss

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Statistical
                                             process control

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Self-control
                                             analysis

                                          
                                          

                                       
                                       
                                       
                                       	
                                          
                                          
                                          Process
                                             control plan

                                          
                                          

                                       
                                       

                                    
                                    
                                 
                                 

                              
                              
                           

                        

                     
                     

                  
                  
                  The DMAIC process
                     is a key six sigma tool for producing repeatable, quality results.
                     It has been applied to improvement and design efforts in a variety
                     of industries besides manufacturing, such as health care, financial
                     services, government, and education.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Plan-Do-Check-Action Cycle

            
            
            
            
            
               
               
               
               
               Imagine that you
                  are the head of quality at the fast fashion retailer. You see that
                  the customer satisfaction scores have fallen. When you look at recent
                  comments, you see that your retail stores are complaining about
                  late delivery and products that are being damaged in transit. You
                  decide to run a small pilot project for a month, using a transportation
                  company with a small sample of your retailers. You’re pleased to
                  see that the feedback from the retailers is positive. As a result,
                  you decide to transition in phases to this new transportation company
                  for all of your orders. What you’ve just done is to use the plan-do-check-action
                  (PDCA) cycle, which helps strive for continuous improvements in
                  your business.

               
               
               
               The PDCA cycle is an
                  important part of a customer-oriented quality management culture.
                  It is also very important to lean.

               
               
               
               As you can see in Exhibit 8-44,
                  PDCA has four phases:

               
               
               
               
                  Exhibit 8-44: PDCA Model[image: ../images/CPIMgraphic2-4c-t02-14.png]
               
               
               
               
               The first part of the
                  Plan step is to grasp the situation. This means seeing the big picture
                  in relation to the problem being solved and identifying parts of
                  the big picture that need investigation. The common principles that
                  apply to grasping the situation include the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     Deeply understand important
                        issues such as flow and standardized work procedures.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Go,
                        see, and confirm issues.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Critically
                        analyze and evaluate processes and procedures.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Find
                        the root causes of problems.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Act
                        on proven information and data.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Take
                        advantage of the expertise of others to send, gather, and discuss
                        information.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Think
                        creatively.

                     
                     

                  
                  

               
               
               
               Exhibit 8-45 examines
                  each of PDCA steps in more detail.

               
               
               
               
                  
                  
                  

                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 8-45: PDCA Steps
                        
                        
                           
                           
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Step

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Critical Success Factors

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Plan

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Identify
                                    and analyze problem or opportunity, develop hypotheses about what
                                    issues may be, and decide which to test.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Define
                                          and understand gap between current state and future state.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Design
                                          experiment to be tested.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Develop
                                          measurement plan.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Ensure
                                          that employees are capable of carrying out plan.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Create
                                          contingency plan.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Do

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Test
                                    potential solution, ideally on small scale, and measure results.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Carry
                                          out experiment or conduct pilot on small scale.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Collect
                                          data about change.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Uncover
                                          potential issues to be addressed before scaling up.

                                       
                                       

                                    
                                    

                                 
                                 
                                 
                                 Note: The Do step may
                                    be said to have its own PDCA cycle built within it to test whether
                                    the planned action works before full rollout and to make changes
                                    as needed.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Check

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Study result,
                                    measure effectiveness, and decide whether hypothesis is supported
                                    or not. (Hypothesis testing is
                                    defined in the ASCM Supply Chain
                                       Dictionary as the “use of statistical models to test conclusions
                                    about a population or universe based on sample information.”)

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Analyze
                                          data or evaluate pilot.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Confirm
                                          that new process or plan is capable of being accomplished on larger
                                          scale.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Suggest
                                          modifications that need to be made prior to going to full-scale
                                          implementation.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Action

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 If
                                    solution was successful, implement it.

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Enable
                                          full-scale implementation.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Standardize
                                          work procedures.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Address
                                          any additional issues that may come up.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               Just as a circle has
                  no end, the PDCA cycle should be repeated again and again for continuous
                  improvement.

               
               
               
               
                  
                  When
                     to Use PDCA

                  
                  
                  
                  
                  The
                     PDCA framework can improve any process or product by breaking it
                     into smaller steps. It is particularly effective for

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Helping to implement
                           total quality management or six sigma initiatives and generally
                           helping to improve processes

                        
                        

                     
                     
                     
                     	
                        
                        
                        Exploring
                           a range of solutions to a problem and piloting them in a controlled
                           way before selecting one for implementation

                        
                        

                     
                     
                     
                     	
                        
                        
                        Avoiding
                           wasted resources from rolling out an ineffective solution on an enterprise-wide
                           scale.

                        
                        

                     
                     

                  
                  
                  
                  This model can be used in all
                     sorts of environments, from new product development to supply chain
                     management. It has prompted the creation of other problem-solving tools,
                     such as the problem-solving storyboard, defined in the Dictionary as follows:

                  
                  
                  
                  
                     
                     A
                        technique based on the plan-do-check-action problem-solving process.
                        The steps being taken and the progress toward the resolution of
                        a problem are continuously planned and updated.

                     

                  
                  
                  
                  Exhibit 8-46 compares
                     the PDCA steps against the DMAIC activities from six sigma. Note that,
                     in PDCA, the process of doing a pilot test study, evaluating the
                     pilot test, and making improvements to full implementation plans
                     is where there can be multiple iterations, described previously
                     as a miniature PDCA process within the overall PDCA process.

                  
                  
                  
                  
                     Exhibit 8-46: Comparing PDCA to DMAIC for a Set of Activities[image: ../images/CPIMgraphic23-10.png]
                  
                  
                  
               
               

            
            
         
         
         
         
            
            
            Brainstorming and Nominal Group
               Technique

            
            
            
            
            
               
               
               
               
               While a simple
                  technique, brainstorming is
                  a powerful tool. The ASCM Supply
                     Chain Dictionary defines it as follows:

               
               
               
               
                  
                  A
                     technique that teams use to generate ideas on a particular subject.
                     Each person on the team is asked to think creatively and write down
                     as many ideas as possible. The ideas are not discussed or reviewed
                     until after the brainstorming session.

                  

               
               
               
               The purpose of brainstorming
                  is to “think outside the box” and generate innovative ideas. Brainstorming
                  often relies on a facilitator to ensure that all team members have an
                  opportunity to participate and no one stifles the group’s creativity.
                  At the end of the brainstorming session, the ideas can be discussed
                  and ideas that have merit can be further analyzed or developed.

               
               
               
               Brainstorming is embedded
                  in many of the other quality tools. It can be used with both small
                  and large groups.

               
               
               
               A tool related to brainstorming
                  that is often used to support the basic seven tools of quality is
                  the nominal group technique, defined in the Dictionary as follows:

               
               
               
               
                  
                  A
                     technique, similar to brainstorming, used by teams to generate ideas
                     about a particular subject. Team members are asked to silently come
                     up with as many ideas as possible and write them down. Each member
                     is then asked to share one idea, which is recorded. After all the
                     ideas are recorded, they are discussed and prioritized by the group.

                  

               
               

            
            
         
         
         
         
            
            
            Root Cause Analysis

            
            
            
            
            
               
               
               
               
               According to the ASCM Supply Chain Dictionary, root cause analysis is “an analytical method
                  to determine the core problem(s) of an organization, process, product, market,
                  and so forth.” Root cause analysis is used by itself or within control
                  charting, cause-and-effect diagramming, the plan-do-check-action
                  cycle, or DMAIC.

               
               
               
               The steps to conduct
                  a root cause analysis are as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     Describe the problem.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Establish
                        cause categories.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify
                        specific potential causes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Prioritize
                        the causes.

                     
                     

                  
                  

               
               
               
               Data analysis is often
                  needed as part of root cause analysis, especially to get from the third
                  to the fourth step. This could be based on analysis of internal
                  data such as analysis of backorders or sampling of events. It could
                  also be based on external data analysis such as collecting the cause
                  for a customer return or assessing survey results.

               
               
               
               Root cause analysis
                  can take many forms, but in general it requires developing critical thinking
                  skills and asking lots of questions rather than assuming that one
                  knows the answers already. It may involve brainstorming. Another
                  example is to go through a simple set of questions to cover all
                  the possibilities, for example, by asking who, what, why, when,
                  how, and where. Another example is the five whys, which were described elsewhere
                  in these materials.

               
               

            
            
         
         
         
         
            
            
            Fault Tree Analysis

            
            
            
            
            
               
               
               
               
               Fault tree analysis (FTA)
                  is a commonly used method that analyzes system reliability, maintainability,
                  and safety. The ASCM Supply Chain
                     Dictionary defines fault tree analysis as
                  follows:

               
               
               
               
                  
                  A
                     logical approach to identify the probabilities and frequencies of
                     events in a system that are most critical to uninterrupted and safe
                     operation. This analysis may include failure mode effects analysis
                     (determining the result of component failure interactions toward
                     system safety) and techniques for human error prediction.

                  

               
               
               
               The deductive analysis
                  starts with a generic conclusion; from there it attempts to determine
                  the specific causes of the conclusion by building out a logic diagram
                  that is called a fault tree and uses logic symbols such as “or”
                  and “and” gates. (These are labeled in the following example for
                  ease of interpretation.) Exhibit 8-47 shows
                  a fault tree analysis of a quality issue of poor corrosion resistance
                  of powder-coated parts, though this type of analysis can be done
                  for a wide variety of fault types, such as the possible conditions
                  that might trip an automated warning light on a system.

               
               
               
               
                  Exhibit 8-47: Fault Tree Analysis[image: ../images/CPIMgraphic2-4d-t02-27.png]
               
               
               
               
               This has also been called
                  taking a top-down approach. Fault tree analysis is used to identify
                  potential causes of system failures before the occurrence of the
                  failure. Using analytical or statistical methods, it evaluates the
                  probability of the top event. The calculations include system quantitative
                  reliability and maintainability information, such as the failure
                  rate, the failure probability, and the repair rate. After completing
                  an FTA, your efforts can be focused on improving system reliability
                  and safety.

               
               

            
            
         
         
         
         
            
            
            Design of Experiments

            
            
            
            
            
               
               
               
               
               Design
                     of experiments (DOE) is a process for structuring statistically
                  valid experiments to ensure that they follow the scientific method.
                  It is defined in the ASCM Supply
                     Chain Dictionary as follows:

               
               
               
               
                  
                  1)
                     A process for structuring statistically valid studies in any science.
                     2) A quality management technique used to evaluate the effect of
                     carefully planned and controlled changes to input process variables
                     on the output variable. The objective is to improve production processes.

                  

               
               
               
               DOE studies the impact
                  of input (independent) variables on output (dependent) variables.
                  Other uncontrolled factors, such as the time of day or shift, may
                  affect the results. These are called noise factors because they
                  are not controlled. To minimize the impact of noise factors, experiments
                  can be designed with the following tools of experimentation:

               
               
               
               
                  
                  
                  	
                     
                     
                      Blocking. Runs to be performed
                        in each planned group or block are randomly selected. A random sample is “a selection
                        of observations taken from all the observations of a phenomenon
                        in such a way that each chosen observation has the same possibility
                        of selection” (Dictionary).

                     
                     

                  
                  
                  
                  	
                     
                     
                     Randomization. The treatments
                        are assigned by pure chance.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Repetition. Observations are
                        repeated.

                     
                     

                  
                  

               
               
               
               For example, if the
                  process is the curing of powder-coated aluminum parts of variable density
                  in an industrial oven, the design of experiments would first determine variables
                  that need to be tested, which might include part density, dwell
                  time, and oven temperature. Other things would be held constant
                  to standardize the experiment, such as the same part shape for each
                  part density, the same degreasing process and chemical, the same
                  electrostatic equipment, the same application process, the same
                  operator, the same oven, and so on. A program or spreadsheet could
                  be used to randomly select the combination of variables to try.
                  For each experiment, a given number of parts would be produced to
                  satisfy the repetition requirement, and a predetermined set of tests
                  would be performed on the finished parts to ascertain corrosion
                  resistance or other quality characteristics. Each experiment would
                  be documented carefully both in terms of setup and results. Process
                  improvements could include new methods for measuring part density
                  plus a simplified set of operator instructions for setting the oven
                  temperature and dwell time for the given part density.

               
               
               
               DOE is used in a broad spectrum
                  of applications. It is often used in product design by varying inputs
                  to identify the best set of inputs to achieve the desired outputs
                  (i.e., to align the process toward the desired mean or average result).
                  A similar method that is used for process control (i.e., to control
                  the amount of variability around the mean) is called the Taguchi methodology for experimental
                  design, defined in the Dictionary as follows:

               
               
               
               
                  
                  A
                     concept of off-line quality control methods conducted at the product
                     and process design stages in the product development cycle. This
                     concept, expressed by Genichi Taguchi, encompasses three phases
                     of product design: system design, parameter design, and tolerance
                     design. The goal is to reduce quality loss by reducing the variability
                     of the product’s characteristics during the parameter phase of product development.

                  

               
               
               
               The Taguchi approach
                  has three purposes:

               
               
               
               
                  
                  
                  	
                     
                     
                     Focus on the robustness
                        of the product. Make the product correctly despite the variation
                        in materials and processes.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Design
                        the product to be insensitive to the common cause variation that
                        exists in the process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Minimize
                        variation around a target value; quantify the effects of deviation.

                     
                     

                  
                  

               
               

            
            
         
         
   
      
         
         
         
         Topic 6: Additional
            Process Improvement Tools

         
         
         
         
            
            
            Process improvement
               tools we discuss here include benchmarking and A3 problem solving.

            
            

         
         
         
         
         
            
            
            Benchmarking

            
            
            
            
            
               
               
               
               
               Benchmarking is defined in the ASCM Supply Chain Dictionary in
                  part as follows:

               
               
               
               
                  
                  Comparing products, processes, and services
                     to those of another organization thought to have superior performance.
                     The benchmark target may or may not be a competitor or even in the
                     same industry.

                  

               
               
               
               To
                  motivate performance and to facilitate the eventual evaluation of
                  performance, measurable performance targets are developed for global
                  and local measures. Performance targets could simply be carried
                  from one period to the next, with the organization aiming only at
                  matching previous performance, whether it is excellent or poor.
                  This would, however, not deliver the continual improvement—the learning
                  and growth—that give an organization a sustainable competitive advantage.
                  Therefore one purpose of benchmarking is to develop “stretch” goals.
                  By identifying “best in industry” performance, operations can focus
                  on improving key activities by setting benchmark measures. The Dictionary defines benchmark measures as follows:

               
               
               
               
                  
                  A
                     set of measurements or metrics that is used to establish goals for
                     improvements in processes, functions, products, and so on. Benchmark
                     measures are often derived from other firms that display best-in-class
                     achievement.

                  

               
               
               
               Benchmarking can be
                  used at different levels, from organizational strategy, to business
                  processes and tactics, to operations. It can be a part of the new
                  product design and development process, and it is a critical component
                  of the quality control process. It can support planning (setting
                  goals, designing processes), control (providing the basis for measuring
                  activities), and continuous improvement strategies (identifying
                  gaps and prioritizing improvement initiatives).

               
               
               
               Benchmarking can
                  be performed internally (against a similar process within the organization)
                  or externally (against comparable organizations). When benchmarking looks
                  to external examples of excellence, these could be competitors in
                  the same or a different industry. Competitors are often the best
                  subjects for benchmarking manufacturing processes, because the nature
                  of the manufacturing process will likely be similar. If the process
                  differs, finding out why may still be an important way to learn
                  how to continuously improve or to reengineer. Organizations in other
                  industries may have such different processes that manufacturing
                  benchmarks will be unrealistic. However, other processes, such as
                  customer service and the like, can take inspiration from the best
                  in class for that function, which might occur in any industry.

               
               
               
               Benchmarks can also
                  be international standards, for example, conformance to the ISO 9001
                  quality management standard.

               
               
               
               An example of
                  a benchmarking framework is the Supply Chain Operations Reference (SCOR)
                  model. It defines key operations metrics (e.g., perfect order fulfillment)
                  so that organizations can compare their processes or results against
                  appropriate industry standards or competitors.

               
               
               
               Juran’s Quality Handbook lists
                  key tasks in the benchmarking process.

               
               
               
               
                  
                  
                  	
                     
                     
                     Determine critical performance to
                        benchmark. As with setting performance objectives, it is important
                        to focus on performance that creates competitive advantage rather
                        than every aspect of operations’ performance. The benchmarked performance
                        should align with key performance indicators in the strategic plan.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Define the metric that will
                        be used (e.g., volume of waste generated per week per production
                        line). Such metrics tie directly back to the generic operations
                        objectives the organization has chosen as most relevant and critical
                        for its business.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify leading or benchmark targets. This
                        step starts with selecting a benchmark organization, functional
                        area, standard, or index to use as the benchmark. Benchmark data
                        can be sourced in different ways. There will likely be a variety
                        of publicly available information from white papers to articles,
                        but site visits and original research, such as questionnaires or
                        interviewing individuals, may be needed. For processes and products,
                        detailed descriptions must be obtained. External organizational
                        and functional data may be purchased from a third party. Sometimes
                        industry associations or consortia of business groups have gathered information
                        from members. Sometimes certain organizations are recognized as embodying
                        best practices, even if they are in a different industry. In some
                        cases, each company can benchmark the other in a mutual learning
                        agreement. Focus groups of customers and suppliers might also be
                        formed

                     
                     

                  
                  
                  
                  	
                     
                     
                     Gather the organization’s own performance
                           data. This can be gathered from historical records, surveys,
                        interviews, observation, and analysis.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Identify and analyze performance
                           gaps. This comparison has two parts. First, the processes are
                        compared and analyzed using flowcharts and other quality tools.
                        This will provide information on how a process might be done differently.
                        Second, performance measurements are calculated and compared. For
                        example, which company has better inventory turnover? Determining
                        why this is so can provide information on processes to improve.
                        Achieving the benchmark metric also provides a goal to meet or surpass.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Plan a path forward. Within
                        the constraint of limited resources, operations prioritizes necessary
                        improvements and builds business cases for investing in improved
                        performance (e.g., training, acquisition of new technology).

                     
                     

                  
                  
                  
                  	
                     
                     
                     
                        Allocate resources, implement plans,
                           and measure results.
                        

                     
                     

                  
                  

               
               
               
               Juran’s Quality Handbook notes
                  that in effective benchmarking, the findings are integrated into
                  the organization’s performance management system. In addition, the process
                  itself becomes part of the organization’s infrastructure. It is
                  repeated regularly so the organization can be sure it is still measuring
                  itself against the best standards.

               
               

            
            
         
         
         
         
            
            
            A3 Problem Solving

            
            
            
            
            
               
               
               
               
               A3
                  thinking and problem solving brings structure and discipline to
                  the plan-do-check-action (PDCA) cycle. A3 is a component of lean
                  but can be applied by any type of organization.

               
               
               
               Problems in an organization are often addressed
                  superficially. The deeper, underlying causes of problems are not
                  always considered. The same problems will resurface, with the result
                  that operational performance does not improve. The A3 thinking process helps
                  to arrive at a joint and detailed problem resolution. Underlying
                  causes are thus eliminated.

               
               
               
               A good A3 process reflects a solid understanding
                  of the situation and a mastery of core lean tools and thinking.
                  A3 thinking is thinking about how to express a problem and a solution
                  in the form of a short story that is easy to digest. A3 thinking
                  fosters learning and becomes a basis for collaboration. It is standardized
                  storytelling.

               
               
               
               An A3 report is a one-page
                  story on a large sheet of paper. (“A3” refers to this paper size.)
                  Both the results of the problem identification and the planning
                  are presented in a concise report. There are four kinds of A3 reports:

               
               
               
               
                  
                  
                  	
                     
                     
                     Hoshin planning A3—used
                        to summarize department and company hoshins for strategic planning
                        (Hoshin means statement of objectives in Japanese.)

                     
                     

                  
                  
                  
                  	
                     
                     
                     Problem-solving
                        A3—used to summarize problems and countermeasures

                     
                     

                  
                  
                  
                  	
                     
                     
                     Proposal
                        A3—used to present new ideas

                     
                     

                  
                  
                  
                  	
                     
                     
                     Current
                        status A3—used to summarize the current condition of a hoshin, problem, or
                        concern

                     
                     

                  
                  

               
               
               
               Before reviewing the
                  components of the A3 problem-solving report and its elements, it’s
                  important to have a baseline understanding of the thinking behind
                  the report and its objectives.

               
               
               
               
                  
                  
                  	
                     
                     
                     Relationship to A3 thinking. The
                        A3 report is a product of A3 thinking. The A3 report gives structure
                        and impact to the A3 thinking and fosters effective ways of working
                        and behaving by those involved in developing the report.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Documentation of PDCA cycle. The
                        A3 report provides a vehicle for moving systematically through the
                        steps of the PDCA cycle while documenting assumptions, plans, the
                        results of pilot implementation, and countermeasures proposed before
                        full-scale implementation.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Promotion of nemawashi (the
                        Japanese term for consensus building). Collaboration, seeking information
                        and opinions from others, and reaching consensus among all interested
                        parties are important objectives of the A3 report.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Alignment with corporate goals. A3
                        reports are not prepared in a vacuum. They must address improvements
                        or programs that are aligned with corporate goals that are critical
                        enough to justify the expenditure of resources.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Visual communication and management. The
                        format of the A3 report is meant to be brief and graphical, based
                        on scientific data gathering.

                     
                     

                  
                  

               
               
               
               An A3 report condenses
                  a large amount of information into a small place. Exhibit 8-48 shows
                  the format used to create an A3 report. The left side of the report
                  corresponds to the plan step of PDCA; the right side corresponds
                  to the do, check, and action steps. The report format can alternately
                  be formatted to support the DMAIC process.

               
               
               
               
                  Exhibit 8-48: A3 Report Format[image: ../images/CPIMgraphic2-4c-t02-16.png]
               
               
               
               
               A3 stories have an intuitive
                  flow and can be told in less than 10 minutes. In telling the story,
                  you start in the upper left and go down. Then, at the bottom of
                  the page, you come back up to the top and go down the right column.
                  It is important to understand what goes into each of the components
                  of the concise A3 report format, as shown in Exhibit 8-49.

               
               
               
               
                  
                  
                  

                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 8-49: A3 Report Components
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Report Section

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Description and Examples

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Title

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 The title should be thematic in content
                                    and related, for example, to quality, cost, delivery, safety, or
                                    productivity. Examples are improving delivery lead time, reducing scrap
                                    in X, improving productivity in Y, or lead-time reduction in Z.
                                    X, Y, and Z could be departments such as stamping, machining, and
                                    assembly.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Background

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 This section clearly establishes the importance
                                    and extent of the problem. It needs to be understood by the audience
                                    and report contributors. It needs to be aligned with strategic goals.
                                    For example, a project to reduce the scrap rate might be related
                                    here to a corporate quality goal of reducing scrap by 12 percent
                                    from the previous year’s level in the machine and assembly shops.
                                    The background should be explainable to company executives in a
                                    very short period of time.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Current state

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 This section should present information,
                                    such as machine scrap rates for relevant past periods, in a highly
                                    visual format: charts, graphs, or tables. The objective is a fact-based
                                    visual presentation of the problem. To highlight the seriousness
                                    of the problem in the machine shop, for example, the section might
                                    include a histogram of scrap rates in different departments and
                                    processes (milling, turning, drilling, grinding) to show that the
                                    report is objective and sees the big picture.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Objective

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 The statement should meet two criteria:

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Clearly defined target state with measurement
                                          criteria for determining if the goal has been reached; for example,
                                          reduce scrap rate in processes X and Y to 2 percent by the end of
                                          the year

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Measurement
                                          data that are collectible for use in confirming the effectiveness
                                          of the improvement

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Cause-and-effect analysis

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 The current state needs to be investigated
                                    to find the root cause of the problem noted through the use of the
                                    five whys method and cause-and-effect analysis. Use of these methods
                                    validates that cause and effect have been investigated. If several causes
                                    appear to contribute, tests should be conducted to determine the
                                    primary causes of the problem. In some cases, the root cause may
                                    be identified and documented in this section.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Countermeasures

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 This section identifies and explains the
                                    selection of countermeasures for suspected root causes. It documents
                                    the schedule and the results of the testing of countermeasures.
                                    Some suspected causes, such as material hardness, might be rejected
                                    as “within specifications.”

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Check

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 This section should show that the improvement
                                    team has used the standard for comparison (measurement criteria)
                                    established in the objective statement. In addition, it should hone
                                    in on the root or main causes of the problem (such as high scrap
                                    rate in the machine shop) by showing the linkage between the countermeasure
                                    taken and the observed effect, such as the effect of a machine adjustment
                                    that takes place on a certain date on reducing the scrap percentage
                                    in the period thereafter. Again, the information should be displayed
                                    visually, preferably in a graph.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Action plan

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 This section corresponds to the action
                                    step of the PDCA cycle. It documents steps that need to be taken
                                    to sustain the improvement, such as establishing a new machine adjustment
                                    (preventive maintenance) schedule in the short run and considering
                                    replacement of the machines in the long run. This section identifies other
                                    departments that need to be aware of the solution to the problem.

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               The following are three
                  key points with regard to the A3 technique:

               
               
               
               
                  
                  
                  	
                     
                     
                     It is a problem-solving
                        approach built around PDCA or DMAIC.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        problem-solving A3 report process unleashes the true power of the
                        PDCA or DMAIC process.

                     
                     

                  
                  
                  
                  	
                     
                     
                     The
                        A3 report is an important visual communication link between workers
                        and management involved in the improvement effort.

                     
                     

                  
                  

               
               

            
            
         
         
   
      
         
         
         
         Topic 7: Work
            Area Design

         
         
         
         
            
            
            Here we examine work area
               design, workplace organization, specifications, standardized work,
               work orientations, layouts, workflows, simulation and modeling, automation,
               and visual techniques.

            
            

         
         
         
         
         
            
            
            Workplace Design,
               Organization, and Standardization

            
            
            
            
            
               
               
               
               
               Work
                  area design and workplace organization help integrate various manufacturing and
                  assembly areas. Areas are linked by storage, transportation, and
                  handling systems. Standardization is a key tool for reducing variation
                  and error. Work area design, workplace organization, and standardization
                  are discussed more next.

               
               
               
               
                  
                  Work Area Design and Product/Service
                     Specifications

                  
                  
                  
                  
                  
                  
                  The purpose of the work area is to produce
                     product. Before determining the design of the work area, the manufacturing
                     process, product type, and production layout need to be determined.
                     The organization needs to set specific limits that reflect functional area
                     needs and manufacturing variability. In other words, the product
                     should be easy to manufacture.

                  
                  
                  
                  Manufacturing specifications also need
                     to be clearly described. The idea behind manufacturing specifications
                     is to define the measurement values that correspond to conforming
                     items. That is, when the measurement falls within the manufacturing specification,
                     then the product can either move to the next step in the process
                     or, if complete, be shipped to the customer. For products that fall
                     outside of the specifications, the loss is the cost to replace or
                     rework the product. Organizations should keep a close watch on the
                     volume of products that fall outside of the specifications and the
                     cost this represents.

                  
                  
                  
                  A key part of
                     work area design improvement is the development of processes and acquisition
                     of systems that minimize changeover time. Manufacturing processes
                     and even services have periods of time when equipment is unavailable
                     due to tooling, material, part, program, or service area layout
                     changes. While internal setup changeovers must be performed while
                     the equipment is stopped, equipment and related procedures can be
                     designed to dramatically reduce the required shutdown time. One
                     technique is SMED. The ASCM Supply
                        Chain Dictionary defines single-minute
                        exchange of die (SMED) as “the concept of setup times of
                     less than 10 minutes. The concept was developed by Shigeo Shingo
                     in 1970 at Toyota Motor Corporation.” Another example of reducing
                     changeover time is to find ways to safely allow more of the changeover
                     to be external setup (i.e., while the machine is running) so there
                     is less to do during the internal setup downtime.

                  
                  
                  
                  Reducing changeover
                     time unlocks more productive (value-added) time for running production.
                     Reducing changeover time can also reduce production batch sizes,
                     work-in-process, and inventory.

                  
                  
                  
                  Given these prerequisites, a key goal in
                     work area design is reducing the number of mistakes. Mistake-proofing
                     the manufacturing environment and its work areas can be accomplished
                     through proper workplace organization and standardization.

                  
                  
               
               
               
               
                  
                  Workplace Organization and Standardization

                  
                  
                  
                  
                  
                  
                  
                  
                  The Dictionary defines workplace organization as follows:

                  
                  
                  
                  
                     
                     The
                        arrangement of tools, equipment, materials, and supplies according
                        to their frequency of use. Those items that are never used are removed
                        from the workplace, and those items that are used frequently are
                        located for fast, easy access and replacement. This concept extends
                        the idea of “a place for everything and everything in its place.”

                     

                  
                  
                  
                  Standardized work is critical to
                     any manufacturing but is especially important to lean manufacturing.
                     By standardized work, we mean work that adheres to core standards. In
                     the case of lean, standards include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Takt
                           time for the manufacturing of products based on the rate of customer demand

                        
                        

                     
                     
                     
                     	
                        
                        
                        Work
                           sequence of the process designed for particular products

                        
                        

                     
                     
                     
                     	
                        
                        
                        Work-in-process,
                           or how much inventory there should be for particular products.

                        
                        

                     
                     

                  
                  
                  
                  The manager uses charts
                     to develop standardized work and define the work area. Examples
                     include the following.

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Production
                           capacity chart—used to determine the capacity of the machines within the
                           process

                        
                        

                     
                     
                     
                     	
                        
                        
                        Standardized
                           work combination table—used to identify work elements and the sequence
                           required in order to design the work appropriately

                        
                        

                     
                     
                     
                     	
                        
                        
                        Standardized
                           work analysis chart—used to provide the foundation of the layout and
                           to train workers

                        
                        

                     
                     
                     
                     	
                        
                        
                        Job
                           element sheets—used to outline a group of actions to advance a process

                        
                        

                     
                     

                  
                  
                  
                  An example of a standardized
                     work combination table is shown in Exhibit 8-50 for
                     a part-degreasing work sequence. Note how the wait time while the
                     part is being degreased is occupied with an inspection of the next
                     part (part X-1 in the exhibit), so it doesn’t count toward the wait
                     time at the bottom or add to takt time.

                  
                  
                  
                  
                     Exhibit 8-50: Standardized Work Combination Table[image: ../images/CPIMgraphic21-24.png]
                  
                  
                  
                  
                  One example
                     of work area design that reduces mistakes is the use of cells. Cells
                     are an arrangement of people, machines, and materials that are ordered
                     in sequence to match the process flow. If it is impractical to move
                     the equipment, the organization may choose to use virtual cells.
                     A virtual cell is defined in
                     the Dictionary as follows:

                  
                  
                  
                  
                     
                     A
                        logical rather than physical grouping of manufacturing resources.
                        Resources in virtual cells can be dispersed throughout a facility.
                        Product mix changes may change the layout of a virtual cell. This
                        technique is used when it is not practical to move the equipment.

                     

                  
                  
                  
                  It is important to recognize
                     a key principle of standardized work. Although it is a standard
                     method for making a product, the standard itself should regularly
                     be updated using continuous improvement. This could be improvements
                     in production techniques such as setup time and lot-size reduction
                     or reduction in administrative and documentation time.

                  
                  
                  
                  Continuous improvement
                     in workplace design has a major impact on the ability of lean production
                     to meet its quality and production performance goals. These improvements
                     might come about because of kaizen events, the plan-do-check-action or
                     DMAIC management cycles, or standardized work orientations, flows,
                     and layouts.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Work Orientations and Their Flows
               and Layouts

            
            
            
            
            
               
               
               
               
               Standardized work is based
                  on the principles of economy of motion and ergonomics. For this
                  reason, workplace design needs to address the following:

               
               
               
               
                  
                  
                  	
                     
                     
                     The flow of work through choice and improvement
                        of tool, equipment, and workplace layout design

                     
                     

                  
                  
                  
                  	
                     
                     
                     Optimizing
                        coupling and connectivity

                     
                     

                  
                  

               
               
               
               
                  
                  Tools
                     and Equipment Layout

                  
                  
                  
                  
                  Tool and
                     equipment layout should consider three principles:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Economy of motion in obtaining, using,
                           and returning tools

                        
                        

                     
                     
                     
                     	
                        
                        
                        Visibility
                           of tools to facilitate finding and selection

                        
                        

                     
                     
                     
                     	
                        
                        
                        Ergonomics
                           of using, lifting, and moving tools and materials

                        
                        

                     
                     

                  
                  
                  
                  From the standpoint of
                     worker efficiency, the techniques include

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Minimizing
                           wasted effort in tool use by locating tools in well-marked and accessible
                           locations

                        
                        

                     
                     
                     
                     	
                        
                        
                        Making
                           tools most frequently in use the fastest to access

                        
                        

                     
                     
                     
                     	
                        
                        
                        Accounting
                           for the ergonomic impact of lifting and moving materials and equipment
                           and the needs of workers of different physical traits.

                        
                        

                     
                     

                  
                  
                  
                  Note the technique of
                     adjusting the location of equipment as necessary.

                  
                  
               
               
               
               
                  
                  Workplace
                     Layout

                  
                  
                  
                  
                  There are several
                     common workplace layouts, as shown in Exhibit 8-51.

                  
                  
                  
                  
                     Exhibit 8-51: Workplace Layout[image: ../images/CPIMgraphic2-4d-t02-24.png]
                  
                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Islands. Workers in each island
                           (process) produce at their own pace, usually as fast as they can.
                           Islands are connected by independent materials-handling equipment
                           such as forklifts. Flow volume depends on the upstream island’s production
                           rate and move schedule.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Connected islands. Islands
                           (processes) are connected by conveyors, but there is no control
                           over the rate of flow. Workers still build at their own pace.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Connected islands with full work
                              control. Islands are connected by conveyors There is visual
                           control over the rate of flow between processes: The upstream process
                           stops producing when the downstream process’s inbound parts bin
                           is full, thus preventing overproduction.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Cells. Machines are next to
                           each other. One piece is made at a time and moved when completed
                           to the next machine. Benefits to working in cells include ease of team
                           member communications, ready assistance, on-the-job cross-training, instant
                           feedback regarding errors, and no room for work-in-process due to
                           limited space.

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Optimizing
                     Coupling and Connectivity

                  
                  
                  
                  
                  
                  As just seen, process technology can be used
                     to couple or link the separate activities of a production process
                     into an interconnected processing system to one degree or another.
                     The benefits of strong coupling and better connectivity include
                     fast process throughput, automated data gathering, and reporting
                     on production and inventory status. For example, better connectivity
                     could reduce the time to move kits to the production area because
                     movers can see when the prior kits are consumed. Further back up
                     the value chain, connectivity can provide faster and better information
                     to kit assemblers on the types of kits to assemble. (The Dictionary defines a kit in part as “the components
                     of a parent item that have been pulled from stock and prepared for movement
                     to a production area.”)

                  
                  
                  
                  The downsides of coupling and connectivity
                     include that integrated technology is expensive, it exposes the
                     manufacturing system to more risk because a failure in one part
                     of an interconnected system will affect the entire system, and it
                     best accommodates a standard flow of parts. This makes it difficult
                     to change over when there are a variety of products with different
                     processing requirements. In other words, coupling has a tradeoff
                     with flexibility and is more suited to the cost advantages of relatively
                     high volume and low variety. Therefore, no one type of layout is
                     the best in all situations.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Simulation and Modeling

            
            
            
            
            
               
               
               
               
               Simulation and modeling
                  are useful tools for studying and optimizing production processes.
                  The ASCM Supply Chain Dictionary defines
                  the terms as follows:

               
               
               
               
                  
                  Simulation: 1) The technique of using
                     representative or artificial data to reproduce in a model various
                     conditions that are likely to occur in the actual performance of a
                     system. It is frequently used to test the behavior of a system under
                     different operating policies. 2) Within manufacturing resource
                     planning, using the operational data to perform what-if evaluations of
                     alternative plans to answer the question, “Can we do it?” If yes, the
                     simulation can then be run in the financial mode to help answer the
                     question, “Do we really want to?”

                  
                  Model: A representation of a process
                     or system that attempts to relate the most important variables in
                     the system in such a way that analysis of the model leads to insights
                     into the system. Frequently, the model is used to anticipate the
                     result of a particular strategy in the real system.

                  

               
               
               
               Manufacturing organizations
                  may use software to model the manufacturing system or test alternate
                  system designs. A prime example of effective design simulations
                  is how the aviation industry uses simulators to test new cockpit
                  designs.

               
               
               
               While development of
                  a model or simulation could require use of a programmer, these tools
                  are often available within MRP II (manufacturing resource planning)
                  systems, in which case any properly trained system operator can
                  run a simulation without needing programming expertise. This is
                  called discrete event simulation, and it is used to answer “what
                  if” and “should we” questions as discussed in the definition of simulation.
                  Simulation is often done at various throughput volumes and with
                  various pieces of the system integrated at a time, such as to determine
                  where a bottleneck might appear. Discrete event simulation can replicate
                  only situations that have distinct, recognizable events and operations.
                  Performing simulations helps operators become better operators,
                  because they better understand the relationships among inputs, outputs,
                  and process variables.

               
               

            
            
         
         
         
         
            
            
            Automation

            
            
            
            
            
               
               
               
               
               Technology and automation
                  can be a competitive advantage in today’s manufacturing world. Technology
                  can enable superior connectivity and information leverage. Automation
                  has allowed companies to mass-produce products at outstanding speeds and
                  with great repeatability and quality.

               
               
               
               The ASCM Supply Chain Dictionary defines
                  a number of terms related to technology and automation, both for
                  system design and operations.

               
               
               
               
                  
                  Computer-aided design (CAD): The use of computers in interactive
                     engineering drawing and storage of designs. Programs complete the
                     layout, geometric transformations, projections, rotations, magnifications,
                     and interval (cross-section) views of a part and show its relationship
                     with other parts.

                  
                  Computer-aided manufacturing (CAM): The use of computers to program,
                     direct, and control production equipment in the fabrication of manufactured
                     items.

                  
                  Computer-integrated manufacturing (CIM): 1) The integration of the total manufacturing organization through
                     the use of computer systems and managerial philosophies that improve the
                     organization’s effectiveness. 2) The application of a computer to bridge various
                     computerized systems and connect them into a coherent, integrated whole. For
                     example, budgets, computer-aided design and computer-aided manufacturing,
                     process controls, group technology systems, manufacturing resource planning
                     systems, and financial reporting systems are linked and interfaced.

                  
                  Manufacturing execution systems (MES): Programs and systems that
                     participate in shop floor control, including programmed logic controllers
                     and process control computers for direct and supervisory control
                     of manufacturing equipment, process information systems that gather
                     historical performance information and then generate reports, graphical
                     displays, and alarms that inform operations personnel what is going
                     on in the plant currently and what occurred during a very short history
                     into the past. Quality control information is also gathered, and
                     a laboratory information management system may be part of this configuration
                     to tie process conditions to the quality data that is generated.
                     Cause-and-effect relationships can thereby be determined. The quality
                     data at times affects the control parameters that are used to meet
                     product specifications either dynamically or offline.

                  

               
               
               
               Enterprise resources
                  planning, described elsewhere in these materials, is also related to
                  technology and automation.

               
               
               
               Benefits of automated
                  manufacturing design tools include increased production productivity,
                  increased efficiency, and improved product quality.

               
               
               
               Automation also applies to inspection and
                  testing. Automated inspection techniques have been used for electronic
                  testing, mechanical gauging, chemical analysis, and non-destructive
                  testing, to name a few. Properly designed and programmed, automated inspection
                  and gauging systems can be very fast, accurate, and repeatable.
                  One example of automated inspection is machine vision. Machine vision
                  cameras can be programmed to automatically verify dozens of features
                  on 100 percent of the products or assemblies produced in as little
                  as one second per unit. Precision laser sensors provide micron-level
                  measurement accuracy without ever contacting the part.

               
               

            
            
         
         
         
         
            
            
            Visual Management
               Techniques

            
            
            
            
            
               
               
               
               
               Collaboration and the use of visual
                  management are principles of lean manufacturing that have been widely
                  adopted in many manufacturing environments. For example, cell teams
                  are small, usually five to ten people who are cross-trained, and
                  they collaborate to meet the daily team goals. Teams like this often
                  use direct observation or visual management to solve problems. Exhibit 8-52 shows
                  examples of visual management techniques.

               
               
               
               
                  
                  
                  

                  
                  
                  
                  
                  
                     
                     
                        
                        Exhibit 8-52: Visual Management Techniques
                        
                        
                           
                           
                           
                           
                           
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Technique or Practice

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Description

                                 
                                 
                              
                              

                           
                           
                        
                        
                        
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Visual workplace

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 In visual workplaces, the principle is
                                    that everything a worker needs to do his or her job is visible and
                                    all production activities should also be visible to the supervisor.
                                    Visibility enables the supervisor and workers to see work-in-process
                                    levels and correct them as needed.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Visual management triangle

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 The visual management triangle is defined
                                    as follows by Michael Greif (cited in Dennis, Lean Production Simplified):

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Seeing as a group: Production
                                          status, inventory levels, machine availability.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Knowing
                                          as a group: Delivery commitments, goals and schedules, management rules.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Acting
                                          as a group: Consensus on rules and objectives, involvement in improvement activities.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Clean workplace

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 In a clean workplace, it is easy to see
                                    if something is out of order; everything is organized for efficiency.

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Visual system

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 A visual system consists of visual devices
                                    that share information, give instructions, or limit actions.

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Visual indicator: Gives
                                          information, such as the location of a tool.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Visual
                                          signal: Tells you that an action is necessary, such as a kanban
                                          signal or a signal on a board that a linked workstation needs assistance
                                          or the line will have to stop.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Visual
                                          control: Limits behavior, such as a square painted on the floor
                                          to indicate where a bin of parts should be placed.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Guarantee:
                                          Allows a correct response only.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Visual communication

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 There are many examples of visual communication.

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Problem-solving A3 report:
                                          As it is being developed, this highly visual and succinct report
                                          is passed among team members for comment or to complete sections
                                          they are responsible for. The objective is to gather all points
                                          of view and gain consensus on a solution.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Visual
                                          reporting: Key status reports are on display in visible locations
                                          on the shop floor.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                           
                           
                              
                              
                              	
                                 
                                 
                                 Visual workplace reporting

                                 
                                 
                              
                              
                              
                              	
                                 
                                 
                                 Examples include the following:

                                 
                                 
                                 
                                 
                                    
                                    
                                    	
                                       
                                       
                                       Day-by-the-hour: Frequent
                                          reports on takt time to help workers regulate their work.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       First
                                          time through: Total units produced less rejects and returns as recorded
                                          on check sheets by workers and posted hourly, at the end of a shift,
                                          or daily.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       WIP
                                          to SWIP: Reports on work-in-process (WIP) versus standard WIP (SWIP)
                                          based on kanbans counted in the cell hourly, by shift, or at the
                                          end of the day.

                                       
                                       

                                    
                                    
                                    
                                    	
                                       
                                       
                                       Operational
                                          equipment effectiveness: Reports hourly production quantities at
                                          the bottleneck and downtime.

                                       
                                       

                                    
                                    

                                 
                                 
                              
                              

                           
                           
                        

                     

                  
                  

               
               
               Visual feedback is immediate
                  to team members and fulfills the requirements that feedback be timely,
                  concise, and focused on those tasks the team member can control.

               
               

            
            
         
         
   
      
         
         
         
         Topic 8: Process
            Variation

         
         
         
         
            
            
            Here we address conformance
               and variation, statistical process control and control charts, statistical
               quality control, and process capability analysis.

            
            

         
         
         
         
         
            
            
            Conformance and Variation

            
            
            
            
            
               
               
               
               
               Controlling process variation is the primary
                  method of ensuring that manufacturing or service processes remain
                  in conformance with specifications, which ultimately results in
                  efficient and effective operations and control over operational
                  costs. Organizations need to measure and control their processes
                  before looking elsewhere for ways to improve profitability and quality.

               
               
               
               In production or service
                  provision, operations can range from being in conformance to having
                  too much variation to be effective. Conformance and variation are
                  defined by the ASCM Supply Chain
                     Dictionary as follows:

               
               
               
               
                  
                  Conformance: An affirmative indication
                     or judgment that a product or service has met the requirements of
                     a relevant specification, contract, or regulation.

                  
                  Variation: A change in data, a characteristic,
                     or a function that is caused by one of four factors: special causes,
                     common causes, tampering, or structural variation.

                  

               
               
               
               Conformance means that
                  the product has been manufactured or the service provided within
                  predetermined specifications and standards and that no adjustments
                  to the process need to be made.

               
               
               
               Variation can affect
                  product dimensions, characteristics, functions, or data. For example,
                  in a continuous improvement environment, actual run hours can be compared
                  to standard run hours to determine the degree of variation. For
                  process management, the variation must be tracked back to its sources.
                  The degree of variation can be insignificant, or it can be so great
                  that it results in nonconformance.

               
               
               
               Differentiating
                  between common and special causes of variation helps determine what
                  can be done about the variation as well as its significance.

               
               
               
               Common (random) causes
                  are based on chance and thus are inevitable. Common-cause variation
                  results from numerous uncontrollable, everyday factors such as unregulated
                  environments, operators, raw material variations, and more. Examples
                  of common causes include those used for the six categories of the
                  cause-and-effect chart (environment, people, materials, measurement,
                  methods, machine). Identifying common causes by category can help,
                  because people can design a process to minimize their impact.

               
               
               
               Common-cause variation
                  leads to predictable and stable variation in the process output.
                  This is called “being in the state of statistical control” or sometimes
                  just “in control.” Common causes behave like a stable system of
                  chance causes. If only common causes of variation are present and
                  they do not change, the output of a process is predictable. If the
                  outputs in this state are in conformance the vast majority of the
                  time, then this type of variation is not a problem. Such a process
                  will have a taller and narrower bell curve when charted. This is
                  the ideal situation. However, if common-cause variation results
                  in nonconformance too often, this is a chronic problem that needs
                  fixing. It will be difficult to fix.

               
               
               
               A special (assignable)
                  cause, on the other hand, leads to changes in the process that can
                  be traced to a specific root cause and so can and should be alleviated
                  as soon as possible. If a process has shifted from its statistical
                  mean, it is a good sign that there will be an assignable cause such
                  as a worn part or a miscalibrated instrument. Similarly, if the
                  overall range of variation increases over time, there may also be
                  an assignable cause. If special-cause variation is present, the
                  process output may suddenly move from conformance to nonconformance.
                  Sporadic quality problems are due to special causes of variation.

               
               
               
               Control charts are used to analyze performance
                  to identify the need for root cause analysis of assignable cause
                  variations. When variation exceeds the statistical control limits,
                  it is a signal that special causes have entered the process and
                  must be investigated. Ideally, only common causes should be present
                  in a process, because these represent a stable, predictable process.
                  The control chart for such a process has its data points within
                  the statistical control limits. If special causes are present, they will
                  be detected, because they typically cause one or more data points
                  to fall outside or very close to the limits or to show other trends.
                  These will be explored more after we introduce control charts.

               
               

            
            
         
         
         
         
            
            
            Statistical Process Control and
               Control Charts

            
            
            
            
            
               
               
               
               
               The ASCM Supply Chain Dictionary defines statistical process control (SPC) as follows:

               
               
               
               
                  
                  The application of statistical techniques
                     to monitor and adjust an operation. This term often is used interchangeably
                     with the term statistical quality control, although statistical
                     quality control includes acceptance sampling as well as statistical
                     process control.

                  

               
               
               
               SPC is a method of quality
                  control in which statistical methods are used to monitor and control
                  a process. Monitoring and controlling the process ensures that it
                  operates at its full potential. At its full potential, the process
                  can make as much conforming product as possible with a minimum (if
                  not elimination) of waste, rework, or scrap. This will impact yield.
                  Therefore, SPC can be a strategic advantage for an organization.

               
               
               
               Organizations often
                  use SPC and its tools (including various types of control charts)
                  to identify the level of variation over time relative to organizational
                  or industry standards. We’ll introduce a few concepts of statistical
                  process control next, including process capability and how SPC differs
                  from product inspections. Control charts and their application in
                  issue detection are discussed after that.

               
               
               
               
                  
                  Process
                     Capability

                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  The Dictionary defines process capability as follows:

                  
                  
                  
                  
                     
                     The ability of the process to produce parts
                        that conform to (engineering) specifications. Process capability
                        relates to the inherent variability of a process that is in a state
                        of statistical control.

                     

                  
                  
                  
                  All processes have some variation. With
                     processes that are said to be in control, the amount of variation
                     will be small; in out-of-control processes, the variation will be large.
                     Reducing variation is a key way to improve quality.

                  
                  
                  
                  A bell-shaped
                     curve demonstrates the central tendency that most processes exhibit, with
                     a mean (average) value as the center and the values above and below
                     as the standard deviations or probabilities where variations occur. Exhibit 8-53 shows
                     two bell curves, one tall and narrow (low variation from the mean)
                     and one short and wide (significant variation from the mean).

                  
                  
                  
                  
                     Exhibit 8-53: Bell Curves with Specification Limits Shown[image: ../images/CPIMgraphic1j-t04-09.png]
                  
                  
                  
                  
                  Note the lower specification
                     limit (LSL) and upper specification limit (USL). These are the cutoff
                     points that the organization has selected as acceptable tolerance
                     levels for variation in the given specification for the product.
                     Specification results falling inside these limits (called “within
                     the doorway”) are considered acceptable. Results falling outside
                     the limits are rejected and require rework or become scrap. Specification limits
                     are set by customer requirements and engineers or designers and
                     generally are fixed. Note how in the tall narrow curve, all of the
                     results fall inside the limits (within specifications), while the
                     process with great variation will have many rejects (many results
                     outside specifications).

                  
                  
                  
                  Two other terms
                     need to be introduced at this point as well, which are seen in Exhibit 8-53:
                     upper control limits (UCL) and lower control limits (LCL). Basically,
                     the UCL and LCL will always fall approximately at either end of
                     the bell curve. It is important to differentiate between control
                     limits and specification limits:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        The LSL and the USL
                           are set by the customer and/or engineering and are product specifications.
                           These specifications are independent of the process used to produce
                           them, so the results are what counts, not how you got there. They
                           are sometimes called the voice of the customer.

                        
                        

                     
                     
                     
                     	
                        
                        
                        The
                           LCL and the UCL are set by statistical observations of standard
                           deviations and are process specifications. They determine the degree
                           to which the process is capable of producing results that are within
                           specifications and are sometimes called the voice of the process.
                           The Dictionary defines the terms
                           as follows:

                        
                        
                        
                        
                           
                           Control limit: A statistically determined
                              line on a control chart (upper control limit or lower control limit).
                              If a value occurs outside this limit, the process is deemed to be
                              out of control.

                           
                           Upper control limit (UCL): Control limit for points
                              above the central line in a control chart.

                           
                           Lower control
                                 limit (LCL): Control
                              limit for points below the central line in a control chart.

                           

                        
                        

                     
                     

                  
                  
                  
                  In Exhibit 8-53,
                     the tall narrow curve shows that this process is capable of producing results
                     within specification limits the vast majority of the time. However,
                     the short and wide curve shows that this process is incapable of
                     being in control for the given specification limits. It will produce
                     far too many rejected units, in other words.

                  
                  
                  
                  Due to differences between customer/engineering
                     expectations and the acceptable levels of rejected units in the
                     manufacturing process for a given industry, production may be within
                     specification limits but outside of control limits. This would produce products
                     within acceptable standards to sell to a customer, but due to lack
                     of control within the process itself, the process would be likely
                     to generate increasing numbers of products outside of specification
                     limits as time goes on. Additional content on the difference between
                     control and specification limits may be found in the additional online
                     resources.

                  
                  
                  
                  A bell curve is more
                     formally called a normal distribution, because it takes samples (actual
                     data observation points) and generates a pattern that smooths out (normalizes)
                     the actual results (the distribution) to generalize how this pattern
                     would look for the entire population (all possible results). Most
                     manufacturing processes that are operating under controlled conditions
                     will exhibit a bell curve, and most naturally occurring processes
                     will show a similar distribution around the mean, such as the distribution
                     of student grades around the average result. Extrapolation of data into
                     these curves helps show two things more easily than studying the
                     raw data: the range and the standard deviation. The range is the
                     difference between the largest and smallest observed values, or
                     the width of the curve. The standard deviation shows how tall and
                     narrow or short and wide the curve is. Range and standard deviation
                     are also called the spread to indicate the level of variability.
                     The Dictionary defines spread as follows: “variability
                     of an action. It is often measured by the range or standard deviation
                     of a particular dimension.”

                  
                  
                  
                  The Greek symbol σ (sigma) is used to represent
                     a standard deviation. Standard deviations indicate the likelihood
                     of where a result will fall under the curve. A result will fall
                     within

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        One standard deviation (1 SD or 1σ) of
                           the average 68.3% of the time

                        
                        

                     
                     
                     
                     	
                        
                        
                        Two standard deviations (2 SD or 2σ) of
                           the average 95.4% of the time

                        
                        

                     
                     
                     
                     	
                        
                        
                        Three standard deviations (3 SD or 3σ)
                           of the average 99.7% of the time.

                        
                        

                     
                     

                  
                  
                  
                  This rule is often referred to as the 68-95-99.7
                     rule, or the empirical rule, in statistics.

                  
                  
                  
                  What constitutes
                     one standard deviation does not change. However, one standard deviation
                     can be expressed as a certain number of units. If this value is
                     large, the process will have wide variation; if it is small, the
                     process will have narrow variation. The same thing can be done with
                     anything being measured, such as the diameter of a shaft in millimeters
                     or the number of dents in a returned product.

                  
                  
                  
                  Considering an
                     example of dented products, fewer dents are always good, so there would
                     be no lower specification limit. (It would be zero.) There would
                     be only an upper specification limit (too many dents, which would
                     probably be set at one). We need to look at a different example
                     for a process that would have upper and lower specification limits. Exhibit 8-54 shows
                     an example of variation in the diameters of hydraulic cylinders
                     for door closers (illustrating only specification limits and not control
                     limits for simplicity). These cylinders need to be very precise
                     to provide the right hydraulic pressure without leaking (too small)
                     or failing to fit in the housing (too large).

                  
                  
                  
                  
                     Exhibit 8-54: Statistical Process Control with Shift in Mean[image: ../images/CPIMgraphic1j-t04-10.PNG]
                  
                  
                  
                  
                  Note
                     here that the specification limits are set at 5.99 and 6.01 millimeters
                     and the mean is 6 millimeters. This is the product mean produced
                     by the process as it is intended to operate and as it operated when
                     it was established. However, the current actual observations tell
                     a different story. Here the mean has shifted to about 6.0035 millimeters.
                     The results are still within the specification limits; however,
                     the shift in the mean is an example of something that should be
                     investigated further. Out of control is defined as outside the control
                     limits. (The control limits for this example are 5.994 mm to 6.006
                     mm, so this process is designed to operate well within specifications.)
                     The process is in control based on this criterion. If the process
                     cannot stay in control and avoid some other issues (such as a sustained
                     shift in the mean), a new process is needed (e.g., new equipment).

                  
                  
               
               
               
               
                  
                  SPC
                     versus Product Inspection

                  
                  
                  
                  
                  Lean considers product
                     inspection to be a form of waste. This is because inspection of finished
                     goods detects only defects—in other words, failure to conform to
                     a particular specification limit well after its occurrence. At this
                     point, determining the root cause of the defect may be difficult
                     or impossible. Thus, it adds no value for the customer and isn’t
                     preventive. Statistical process control, on the other hand, monitors manufacturing
                     processes against statistical control limits, such as a process
                     used at a work center to manufacture a part. Because it detects
                     when processes are getting out of control, corrective action can
                     be taken as a preventive measure against defects. SPC therefore
                     adds value for the customer in terms of less variability and shorter
                     lead times (e.g., due to less rework and scrap).

                  
                  
               
               
               
               
                  
                  Control Charts

                  
                  
                  
                  
                  
                  
                  
                  Organizations use SPC methods to
                     identify variation and the level of adherence to organizational or industry standards
                     using control charts. The Dictionary defines a control chart in part as follows:

                  
                  
                  
                  
                     
                     A graphic comparison of process performance
                        data with predetermined computed control limits. The process performance data usually
                        consists of groups of measurements selected in the regular sequence of production
                        that
                        preserve the order. The primary use of control charts is to detect assignable causes
                        of
                        variation in the process as opposed to random variations.

                     

                  
                  
                  
                  A control chart is based on a series of samples
                     taken over time. An assumption is that all samples are taken from the same process—that
                     is, that the setup, materials, and other conditions are standardized.

                  
                  
                  
                  Control chart components may include the following
                     elements:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Mean (central
                              tendency). This is where the process typically tends to run. It may or may not
                           be ideal.

                        
                        

                     
                     
                     
                     	
                        
                        
                        Data point. This
                           is a sample of measurements taken at a specific time. Sample averages are determined
                           and plotted, as they show a change in variation faster than a single discrete
                           sample.

                        
                        

                     
                     

                  
                  
                  
                  While the bell curves shown earlier have the mean at the center and
                     the limits to the left and right, control charts are turned sideways so they can show
                     results over time as well as lower and upper control limits. Control charts are used
                     to
                     visualize and measure process variation. Exhibit 8-55 and Exhibit 8-56 show
                     two types of control charts developed for the same set of observations, an x̄-chart
                     (pronounced X-bar) for the sample mean and an R-chart for the range of variation in
                     the
                     samples.

                  
                  
                  
                  
                     Exhibit 8-55: X-Bar-Chart Showing Sample Mean[image: ../images/CPIMgraphic1j-t04-11.PNG]
                  
                  
                  
                  
                  
                     Exhibit 8-56: R-Chart Showing Sample Range[image: ../images/CPIMgraphic1j-t04-12.PNG]
                  
                  
                  
                  
                  An x̄ is a mathematical notation expressing the mean of a sample
                     (to distinguish it from the mean of an entire population), such as the sample output
                     of a
                     work center. Often, a sample consists of several units (three to nine are common),
                     and the
                     average result of the sample is plotted on the chart. Samples rather than individual
                     observations are used because samples tend to be faster at revealing changes in
                     variations. Also, the sampling process might destroy the product, or there may be
                     too many
                     units to sample all of them.

                  
                  
                  
                  An
                     x̄-chart will show the population mean at the center and the
                     control limits at the top and the bottom. The sample observation means are placed
                     on the
                     chart at each observation period and are connected by lines to show upward or downward
                     movement.

                  
                  
                  
                  Note the UCL and the LCL in Exhibit 8-55.
                     Unlike the specification limits discussed earlier, control limits are established
                     by
                     statistical observation of variability (rather than being arbitrary). Control limits
                     are
                     typically set at plus or minus three standard deviations from the mean. Thus, if the
                     process is in control, the samples will fall within the control limits 99.7 percent
                     of the
                     time. The specification limits might be set at the same level or be tighter or looser,
                     depending on customer and engineering requirements. Note that the histogram in Exhibit 8-54
                     shows the individual measurements against their specification limits of 5.990 to 6.010
                     millimeters, whereas the control chart shows the sample averages against their
                     statistically calculated control limits of 5.994 to 6.006 millimeters. In this case,
                     the
                     specification limits for the product fall outside the control limits for the process.
                     Note
                     that Exhibit 8-54 shows results only from days 10 through 18 as shown in the Exhibit 8-55 and
                     Exhibit 8-56 control charts (the second half of the time period being charted). Thus the
                     histogram was created just to study the area where the shift in mean occurred.

                  
                  
                  
                  An R-chart is used to plot the range of results.
                     The range represents the highest reading minus the lowest reading for the specification,
                     so it is basically a method of showing the range of variation that exists in the samples.
                     These readings are gathered by measuring each unit of the small sample of three to
                     nine
                     units. Exhibit 8-57
                     shows the measurements taken (in millimeters) for each of the nine samples for the
                     first
                     two days shown in the charts above.

                  
                  
                  
                  
                     Exhibit 8-57: Excerpt of Data Used for Hydraulic Cylinder Example[image: ../images/CPIMgraphic1j-t04-15.PNG]
                  
                  
                  
                  
                  For day 1, the highest recorded diameter is
                     6.005 millimeters and the lowest diameter is 5.994 millimeters. The range is calculated
                     by
                     subtracting the lowest value from the highest value:

                  
                  
                  
                  
                     
[image: ../images/8-c-t08_01_id229N90J0RHS_mathml_230_width_1069.png]

                     

                  
                  
                  
                  This is recorded on the
                     R-chart for that time period. The same range is calculated for day 2 even though not
                     all
                     the measurements in between are the same. The upper control limit for the R-chart
                     is
                     0.0205 millimeters, which is determined by calculating the maximum range that can
                     be found
                     within three standard deviations, or within 99.7 percent of results. A range for a
                     particular set of samples greater than 0.0205 millimeters would imply that there is
                     such a
                     high amount of variation in the samples that the process is out of control. There
                     is no
                     lower control limit for an R-chart, since no variation in the samples would be
                     desirable.

                  
                  
                  
                  Because none of the points in
                     the control charts in Exhibit 8-55 and Exhibit 8-56 go
                     outside their respective control limits, the process can be said to be in control
                     based on
                     these criteria. However, the upward trend in cylinder diameters indicates that this
                     process should be reviewed. Note that the R-chart does not show this shift in mean.
                     This
                     is why studying both types of charts is important; they show different information.
                     The
                     R-chart instead shows when the samples have too much variation.

                  
                  
                  
                  A third type of control chart is a P-chart. A P-chart is a
                     percentage chart that can be used to show percentages of sample averages exhibiting
                     a
                     given characteristic as tracked over time. If the same data were used, a P-chart would
                     closely resemble the corresponding x̄-chart, but, rather than a numeric scale, it
                     would display a
                     percentage variation from the mean on the side and the upper and lower control limits
                     would be translated into equivalent percentages.

                  
                  
                  
                  One key benefit of using a P-chart is that the sample size can vary
                     between samples but the resulting percentages will take this into account and still
                     be
                     comparable. To illustrate this, take another scenario where sample sizes might vary
                     considerably. For example, a control chart can be used to track the number of
                     nonconforming units in total. In this case, since the number of rejects can be determined
                     precisely without sampling, the number of units produced in total can be used as the
                     sample size. Exhibit 8-58 shows a P-chart for the number of defective door closers per week (i.e.,
                     those rejected during the manufacturing process).

                  
                  
                  
                  
                     Exhibit 8-58: P-Chart for Total Defective Door Closers[image: ../images/CPIMgraphic1j-t04-14.PNG]
                  
                  
                  
                  
                  In this example, weeks 1, 3, and 8 were
                     four-day workweeks and the remainders were five-day workweeks. During the short weeks,
                     fewer closers were produced, so the output units will differ across weeks. Due to
                     variations such as this, viewing just the total number of defects in units would be
                     deceptive. In a P-chart, however, each week’s percentage is individually calculated
                     based
                     on its unique sample size in the time period. In this way, the defect rate can be
                     comparable across weeks. The upper control limit is again determined statistically
                     (here
                     based on three standard deviations from the mean). In this case, the defects are well
                     within tolerance. (However, the upper specification limit might be set at a lower
                     rate.)
                     This example has no lower control limit because zero defects is always desirable.

                  
                  
                  
                  Other control charts include the C-chart for counts,
                     often used for nonconformities, and the U-chart for counts per unit.

                  
                  
               
               
               
               
                  
                  Application

                  
                  
                  
                  
                  
                  The positions of the
                     points as observed in these various control charts will show if special
                     causes of variation are present. Organizations set up rules for
                     interpreting control charts, often following those established by
                     L. D. Nelson. Nelson represents the three sigmas (standard deviations)
                     as zones A, B, and C on the control chart:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Zone C—within
                           one sigma

                        
                        

                     
                     
                     
                     	
                        
                        
                        Zone B—within
                           two sigmas

                        
                        

                     
                     
                     
                     	
                        
                        
                        Zone A—within
                           three sigmas

                        
                        

                     
                     
                     
                     	
                        
                        
                        UCL and LCL—three
                           sigmas

                        
                        

                     
                     

                  
                  
                  
                  Below
                     are four examples of Nelson’s eight tests for special causes:

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        One point beyond zone
                           A (outside of the UCL or LCL)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Nine
                           or more points in a row above the mean (or nine plus below the mean)

                        
                        

                     
                     
                     
                     	
                        
                        
                        Six
                           points in a row steadily increasing or decreasing

                        
                        

                     
                     
                     
                     	
                        
                        
                        Four
                           out of five points in a row in zone B or beyond (in the same direction)

                        
                        

                     
                     

                  
                  
                  
                  If these or the other four of these tests
                     (not shown) are true, the process would probably be considered to
                     be out of control, though organizations can choose which rules should
                     apply to which process. Exhibit 8-59 shows
                     some examples of in control versus out of control.

                  
                  
                  
                  
                     Exhibit 8-59: In Control versus Two Examples of Violations of Nelson’s Rules[image: ../images/CPIMgraphic2-4c-t02-18.png]
                  
                  
                  
                  
                  Exhibit 8-60 revisits
                     the x̄-chart
                     for the hydraulic cylinder diameters as an example of looking for
                     violations of Nelson’s rules.

                  
                  
                  
                  
                     Exhibit 8-60: X-Bar-Chart Showing Sample Mean[image: ../images/CPIMgraphic1j-t04-11.PNG]
                  
                  
                  
                  
                  In
                     this case, there are nine consecutive points on one side of the
                     mean (starting at day 10), so, while no item is outside of the control
                     limits, according to Nelson’s rules the process is still out of
                     control. (It has special causes of variation that need to be addressed.)

                  
                  
                  
                  Exhibit 8-61 revisits
                     the R-chart for the same data, indicating the range of variation within
                     the samples.

                  
                  
                  
                  
                     Exhibit 8-61: R-Chart Showing Sample Range[image: ../images/CPIMgraphic1j-t04-12.PNG]
                  
                  
                  
                  
                  This
                     process is in control in terms of its sample range. If the range
                     for a particular set of samples had been greater than 0.0205 millimeters,
                     this would imply such a high amount of variation in the samples
                     that the process was out of control.

                  
                  
               
               

            
            
         
         
         
         
            
            
            Statistical Quality Control

            
            
            
            
            
               
               
               
               
               The ASCM Supply Chain Dictionary defines statistical quality control (SQC)
                  as follows:

               
               
               
               
                  
                  The application
                     of statistical techniques to control quality. The practice includes acceptance
                     sampling as well as statistical process control. However, the term
                     is often used interchangeably with the term statistical process
                     control.

                  

               
               
               
               SQC can be described
                  as a feedback system. The purpose of applying statistics to manufacturing
                  quality is to study and understand how process and product variations impact
                  quality in ways that can be measured and therefore assigned a monetary
                  cost. Once data are collected, analyzed, and properly understood,
                  action can be taken to reduce variations within a process and within
                  produced products.

               
               
               
               While statistical process
                  control (SPC) is often used as a synonym for statistical quality
                  control, the terms are not interchangeable. A technical distinction
                  is that SPC is the application of statistical analysis tools to
                  control process inputs (independent variables) while SQC is the
                  application of the statistical analysis tools to monitor process
                  outputs (dependent variables). Statistical quality control is therefore
                  a broader concept that encompasses both statistical process control
                  and acceptance sampling.

               
               
               
               Acceptance sampling is defined
                  in the Dictionary in part as
                  follows:

               
               
               
               
                  
                  The
                     process of sampling a portion of goods for inspection rather than
                     examining the entire lot. The entire lot may be accepted or rejected
                     based on the sample even though the specific units in the lot are
                     better or worse than the sample.

                  

               
               
               
               There are two types
                  of acceptance sampling:

               
               
               
               
                  
                  
                  	
                     
                     
                     Attribute sampling. The presence
                        or absence of a characteristic is noted in each of the units inspected.
                        No measurements are needed. For example, the use of a go/no-go gauge
                        is either pass or fail. The Dictionary defines go/no-go as follows:

                     
                     
                     
                     
                        
                        The
                           state of a unit or product. Two parameters are possible: go (conforms
                           to specification) and no-go (does not conform to specification).

                        

                     
                     

                  
                  
                  
                  	
                     
                     
                     Variable
                           sampling. The numerical magnitude of a characteristic is measured
                        and recorded for each inspected unit. This type of sampling involves
                        reference to a continuous scale of some kind (for example, measurement
                        of length).

                     
                     

                  
                  

               
               
               
               The process steps for
                  attribute sampling are as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     Take a sample of a
                        specified quality characteristic for each unit. Each unit is classified
                        as acceptable or defective.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Summarize
                        these into a simple statistic, such as sample average.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Compare
                        the observed values to the allowable standard values defined in
                        the quality plan.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Make
                        a decision to accept or reject the lot.

                     
                     

                  
                  

               
               
               
               The process steps for
                  variable sampling are as follows:

               
               
               
               
                  
                  
                  	
                     
                     
                     Take a sample and
                        a measurement of a specified quality characteristic for each unit.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Summarize
                        these into a simple statistic, such as a sample average.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Compare
                        the observed values to the allowable standards defined in the quality
                        plan.

                     
                     

                  
                  
                  
                  	
                     
                     
                     Make
                        a decision to accept or reject the lot.

                     
                     

                  
                  

               
               
               
               The
                  allowable standards, as defined in the quality plan, are referred
                  to as the acceptable
                     quality level (AQL). The Dictionary defines
                  this as follows: “When a continuing series of lots is considered,
                  a quality level that, for the purposes of sampling inspection, is
                  the limit of a satisfactory process average.”

               
               
               
               Sampling standards
                  that can be used include ANSI/ASQC Z1.4-2003 (R2018), Sampling Procedures and Tables
                     for Inspection by Attributes, and ANSI/ASQC Z1.9-2003 (R2018), Sampling Procedures and Tables
                     for Inspection by Variables for Percent Nonconforming. These
                  standards contain precalculated sample sizes for different-size lots
                  depending on whether the organization is using tightened, normal,
                  or reduced sample size plans.

               
               
               
               The advantages of acceptance testing over
                  full inspection are smaller staff requirements, less damage to goods,
                  and reduced time and costs.

               
               
               
               Organizations that successfully
                  apply statistical quality control can receive the Deming Prize.
                  It is one of the most widely recognized quality awards worldwide.
                  The Deming Prize was instituted in 1951 and is awarded to those
                  companies that have successfully applied companywide quality control
                  based upon statistical quality control.

               
               

            
            
         
         
         
         
            
            
            Process Capability Analysis

            
            
            
            
            
               
               
               
               
               Processes need to be
                  both capable and acceptable (stable). When planning aspects of manufacturing,
                  nothing is more important than ensuring that the processes will
                  be able to maintain the engineering specifications or tolerances
                  (upper and lower specification limits).

               
               
               
               Process
                  capability analysis compares the variation in product characteristics
                  to the allowable variation determined from engineering tolerances.
                  It then determines whether the existing variance of the process
                  will result in the process consistently producing parts within the
                  design specification or tolerance. If a process is found to be incapable,
                  then the study will be extended to find ways to improve the equipment, tooling,
                  materials, procedures, and so forth until an acceptable level of
                  defects is produced. It may be necessary to redesign the part, the
                  process, or both to achieve this goal. When a process is studied,
                  each possible source of variance should be analyzed to determine
                  ways to minimize the overall variance.

               
               
               
               Closely related
                  to process capability is process acceptability. Process acceptability
                  is the ability of the process to conform to the mean in its dispersion
                  because the process itself is stable. Exhibit 8-62 shows
                  how a process can be more or less capable and more or less acceptable.

               
               
               
               
                  Exhibit 8-62: Capability versus Acceptability in Process Capability Analysis[image: ../images/CPIMgraphic2-4b-t05-51.png]
               
               
               
               
               If the process were
                  to hit a bullseye target with arrows, a capable and acceptable process
                  would have a tight grouping around the bullseye (i.e., the target
                  mean) as shown on the top right. (Here, each ring is shown as being
                  one standard deviation [SD] away from the mean at the center.) If
                  there was still a tight grouping but the grouping was off to one
                  side, this would be capable but not acceptable (bottom right). In
                  an unacceptable process, results that are further from the bullseye,
                  even in a tight grouping, will still be much more likely to be outside
                  the specification limits or near to it. This could be due to a bow
                  sight that has become miscalibrated, for example, making the process
                  no longer stable. If a process is incapable but acceptable (top
                  left), it will generally be centered around the mean but be in a
                  wide dispersion. A process could also be incapable and unacceptable
                  (a wide grouping that is also not centered on the mean, in the bottom
                  left). Note that the Cp and
                  Cpk indices referenced
                  in the graphic are discussed below.

               
               
               
               
                  
                  Uses
                     for Process Capability and Acceptability Information

                  
                  
                  
                  The information produced
                     by a process capability analysis serves multiple purposes. It can
                     be used for

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Predicting the extent
                           of variability that processes will exhibit, providing important information
                           on realistic specification limits

                        
                        

                     
                     
                     
                     	
                        
                        
                        Choosing
                           the most appropriate process for tolerances to be met

                        
                        

                     
                     
                     
                     	
                        
                        
                        Providing
                           a quantified basis for establishing a schedule of periodic process
                           control checks and readjustments such as machine recalibration

                        
                        

                     
                     
                     
                     	
                        
                        
                        Assigning
                           machines to classes of work for which they are best suited

                        
                        

                     
                     
                     
                     	
                        
                        
                        Testing
                           theories for causes of defects during quality improvement programs

                        
                        

                     
                     
                     
                     	
                        
                        
                        Serving
                           as a basis for specifying the quality performance requirements for purchased
                           machines

                        
                        

                     
                     
                     
                     	
                        
                        
                        Planning
                           the interrelationship of sequential processes. (For example, one
                           process may distort the precision achieved by a predecessor process.
                           Quantifying the respective process capabilities often points the
                           way to a solution.)

                        
                        

                     
                     

                  
                  
               
               
               
               
                  
                  Measuring
                     Process Capability and Acceptability

                  
                  
                  
                  
                  Capability
                     indices calculate a single number that represents the capability
                     or acceptability of a process. The Dictionary defines process capability index as follows:

                  
                  
                  
                  
                     
                     The
                        value of the tolerance specified for the characteristic divided
                        by the process capability. There are several types of process capability
                        indices, including the widely used Cpk and
                        Cp.

                     

                  
                  
                  
                  The Cp and Cpk calculations use the
                     limits of the product or service specifications—the upper specification
                     limit (USL) and the lower specification limit (LSL) along with the standard
                     deviation of the process.

                  
                  
                  
                  Cp is
                     used to measure capability and is calculated as follows:

                  
                  
                  
                  
                     
[image: ../images/8-c-t08_02_id18A8H05032E_mathml_231_width_348.png]

                     

                  
                  
                  
                  Cp assumes that the process
                     is centered between the upper and lower specification limits. If
                     the Cp is greater than
                     1.00, the process is capable. In other words, it is capable of producing
                     99.7 percent of products within the tolerances.

                  
                  
                  
                  However, just because
                     a process is capable, that does not necessarily mean that it is acceptable.
                     An acceptable process is one that is reasonably centered between
                     the upper and lower specifications limits. If the process is shifted
                     from the mean too far to one side or the other, there will be a
                     tendency for more failures in the direction of the shift away from
                     center. Therefore, the Cpk calculation
                     is used to measure how centered the process is on the target. The
                     Cpk calculation is

                  
                  
                  
                  
                     
[image: ../images/8-c-t08_03_id18A8H0503O9_mathml_232_width_944.png]

                     

                  
                  
                  
                  Cpk does not assume that
                     process is centered between the upper and lower specification limits.
                     It takes into account both variation and the location of the process center.

                  
                  
                  
                  If Cpk is

                  
                  
                  
                  
                     
                     
                     	
                        
                        
                        Less than 1.00, the
                           process is unacceptable.

                        
                        

                     
                     
                     
                     	
                        
                        
                        1
                           to 1.33, the process is marginal (barely within specification).

                        
                        

                     
                     
                     
                     	
                        
                        
                        Greater
                           than 1.33, the process is acceptable (well within specification).

                        
                        

                     
                     

                  
                  
                  
                  Since both of these
                     metrics are based on specification limits, and since specification limits
                     are based on customer requirements, a process will be deemed to
                     be both capable and acceptable when it meets customer requirements.
                     Note that for six sigma purposes, which calls for very high quality,
                     the goal is a Cp and a
                     Cpk both greater than 1.50.
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