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The Cable Guy’s Friend

          When President Clinton announced a goal of having all of America’s schools wired for the Internet, he probably had not counted on getting help from an unexpected source.  In 1997, Hal, a Silicon Valley volunteer who was working to help a California school achieve this goal, applied some “fresh thinking” to a vexing problem.  The crews that string computer cable through the innards of old urban schools often encounter two problems: cramped corners and rats.  One day as Hal was doing a particularly tough job stringing cables through a rickety crawl space lined with asbestos, he encountered a rat crawling out of the tight space through which the cable was to go.  As he backed off and waited for the rat to vacate his work space, he recalled that a friend had been spending a lot of time training rats in her medical lab.  Hal wondered, “Maybe she could train a lab rat to tote wire through old buildings.”

        Shortly thereafter, Rattie, a trained control animal from the radiation oncology lab was rescued from his “dead-end” job and taught to carry string through pipes.  His trainer created tapping sounds at the far end of the pipe.  The rat soon learned that a Gummi Bear was the reward at the far end.  Once Rattie was rewarded and placed back in his cage, the strung string was used to pull computer cable through the conduit.  Since then, Rattie has gone on to be the star “stringer” at ten other schools.

        Of late, Rattie’s manager has been receiving inquiries from commercial enterprises that want to hire her crew to do similar work in other buildings.  At the moment, she is not biting since this is a volunteer thing.  There is a rumor that she and Rattie may be holding out for an overnight stay at the White House’s Lincoln bedroom.

 Source: David L. Wilson, “Ex-lab rodent is trained to thread string through pipes for computer cable,” The San Jose Mercury News, September 27, 1997

INTRODUCTION

       In the first shell, we started out with the Lexus and the Olive Tree metaphor in order to emphasize the importance of being able to adapt to an ever-changing environment.  Our Rattie story is intended to re-enforce this theme.   Rattie’s presence would have sent many of us scurrying up the stairs.  Not Hal.  He saw the possibility of using his friend’s unusual vocational skills to solve an immediate need.  And he was sufficiently persuasive to convince others of the merits of his weird proposal.  Hal was wearing the bifocals that we discussed earlier.  We might be stretching it a tad if we referred to Rattie as a disruptive technology.

       In this shell, we extend our discussion of process thinking by adding four additional facets: problem identification, problem solving, solution selection, and solution implementation.  We start with a brief review of Peter Senge’s seminal book, The Fifth Discipline because it provides an excellent framework for process improvement in an operations management environment.

THE LEARNING ORGANIZATION

       The third goal of performance measurement was to provide timely inputs to an organization’s learning processes.  All types of firms have learning processes, but in the Lexus lane, the need to have effective learning processes is critical.  As Senge puts it:
“Learning disabilities are tragic in children, but they are fatal in organizations.  Because of them, few corporations live even half as long as a person—most die before they reach the age of 40.” 1
To check the validity of this statement, we suggest that you make a comparison of the firms that made Fortune magazine’s list of the top 100 companies this year with those on the list five years ago.  

     Creating an organization that is capable of adapting to change is a difficult task.  Saying that organizational learning needs to be done is the easy part.  Yet some firms succeed in learning how to do what most think is impossible.  Unfortunately, people and companies often confuse the terms “experience’ and ‘learning.’  Consider the following episode.

The High Cost of Success

         In a discussion with a Detroit automobile firm, a consultant was trying to explain the implications of just-in-time purchasing—a management tool that many Japanese firms were using to gain a competitive advantage.  He suggested that they might want to review the underlying assumptions of the firm’s cost control systems.  After he concluded his presentation, a crusty executive said: “Young man, are you suggesting that we scrap a management control system that we have developed and refined over the past fifty years?”  The consultant thought for a brief moment and said,  “I think that you should keep it if nothing in your industry has changed in the last ten years.”

Source: Personal conversations with one who shall remain anonymous to preserve his client base.

While this response was not designed to maximize the likelihood of having future consulting engagements, his point was right on target.  A firm must not blindly assume that the best practices that contributed to prior successes will be appropriate in the future.  All too often, success is a root cause of corporate and individual learning disorders.  As Intel’s former CEO has said, “Only the paranoid will survive.”

     The concept of the learning organization provides a conceptual understanding to help explain why it is difficult for some organizations to adopt a team-oriented, change-accepting management style.  Senge notes that “the team that becomes great didn’t start out great—it learned how to produce extraordinary results.”  Senge argues that a firm that learns faster than its competitors can truly gain a competitive advantage.  He further notes that learning occurs most in an organization when it exists throughout the organization.  This would especially be true in the Lexus lane. 

     Peter Senge argues that five component technologies are required to create an organization that “truly learns.”  He describes these five prerequisites as:

1. Systems thinking:  A conceptual framework, a body of knowledge, and tools that have been developed to make possible a fuller understanding of patterns or events.  Put another way, the ability to see the big picture and beyond the clutter in an organizational thicket.

2. Personal mastery:  The learning organization’s spiritual foundation which affords it the enabling discipline to:

a. continually clarify and deepen its vision of its realm,

b. be able to focus its energies to those areas that matter,

c. develop the ability to see reality objectively, and

d. have the patience needed for timely decision making.

Personal mastery involves a reciprocal relationship between the individual and the organization that Senge calls “a special spirit of an enterprise made up of learners.”  Personal mastery focuses our energies to work toward achieving the things that really matter by “living our lives in the service of our highest aspirations.”

3. Mental models:  He defines these as “the deeply ingrained assumptions, generalizations, or even pictures or images that influence how we understand the world and how we take action.”  Mental models form many barriers within our mind.  They are embodied in sayings like “You can’t teach an old dog new tricks” or worse.  An open, disciplined mind is required to look inward at our own assumptions, to look around us, and to judiciously probe the underlying assumption supporting our mental models.  “Maybe we can find a use for that rat’s conduit navigating capability.”  Senge notes that “learningful” conversations occur “when people expose their own thinking effectively, and make that thinking open to the influence of others.” 

4. Building shared vision: The practice of shared visions involves the building of shared “pictures of the future that foster genuine commitment and enrollment rather than compliance.”  In this dimension, leaders learn that trying to dictate a vision, or a solution, no matter how heartfelt, is counterproductive.

5. Team learning:  This discipline starts with a dialogue in which the members of the team have the capacity to suspend assumptions and enter into a genuine “think together.”  Others call this an open conversation. 

In the learning organization, all five building block disciplines must be present.  His use of the term discipline is apt since each involves humans behaving in a matter that most mortals have a difficult time achieving.   

       But Senge argues that you must learn how to achieve extraordinary results.  And listening is the key ingredient that is often missing within the corporate world.   Senge notes that the term dialogue comes from the Greek word, dialogos, which is a free flow of meaning throughout a group, allowing the group to discover insights not attainable individually.  The word discussion has its roots with percussion and concussion, literally a heaving of ideas back and forth in a winner-takes-all competition.

      Senge cites the following laws to guide those seeking to develop a disciplined, systems oriented approach to an organization’s problems.

Exhibit One

The Laws of the Fifth Dimension

1. Today’s problems come from yesterday’s solutions.

2. The harder you push, the harder the system pushes back.

3. Behavior grows better before it grows worse, i.e., there often is a time lag between the short-term benefit and the longer-term disbenefit.

4. The easy way out usually leads back in.

5. The cure can be worse than the disease.

6. Faster is slower, i.e., all natural systems, from ecosystems to animals in organizations, have intrinsically optimal rates of growth.  The optimal rate of growth is far less than the fastest possible growth rate.

7. Cause and effect are closely related to time and space.

8. Small changes can produce big results—but in the areas of highest leverage, they often are least obvious.

9. You can have your cake and eat it—but not at once.

10. Dividing an elephant in half does not produce two small elephants.

11. There is no blame.

Source: Peter Senge, The Fifth Discipline, Chapter Four, Doubleday, N.Y., 1990

Before leaving Senge, we should note that mental models can be models that are currently in vogue.   All too often, Americans enthusiastically adopt popular causes, such as just-in-time, total quality management, and employee empowerment.  We don’t mean to say that these causes are bad per se, but we all know people who so fully buy into a program that they develop tunnel vision.  Effective systems thinking demands that the organization see the whole picture of its world—not just the functional perspective.  As great as W. Edwards Deming was, there is more to effective management than total quality control.

OBSERVATION AND MEASUREMENT

      Often, when a formal reporting system fails to provide a manager with the information that is needed, humans in organizations create their own information systems.  Many operations managers create a morning report so that they can succinctly learn what is or has transpired.   Many operations managers supplement their morning report inputs with visual inputs gained by walking around the operations.  If done correctly, walk-around-management can bridge the communications gap that may exist between management and employees.

        Consider how the following two individuals met their need to know requirements.

Two Visual Information Systems

       Long before video cameras existed, one manager used an unusual approach to gain a better read on how his plant was operating.  Asa Banta, the legendary Czech industrialist, had his office placed in the elevator of his 16-story shoe factory.  Checking things out was just a button away.  One might consider this turn of the century (1900) industrialist an early practitioner of micro-management.

      In the 1960s, Kawasaki had one of the pioneering applications of just-in-time in America.  Its first general manager had a legendary practice of just standing at various locations within the Lincoln Nebraska plant.  For hours at a time, he stood there “like a cigar store Indian.”  One might ask him, “What are you looking at?” He would tersely respond “There is something wrong but I can’t quite get a handle on it.”   Ultimately, his sixth sense and his historical perspective would lead him to the problem.

     As great as these two individuals were, they weren’t creating learning organizations.  In today’s operational environments, employees should not expect top management to identify and define the problems.  That is what employees are paid to do—and are best able to do it if properly trained and empowered.  As Senge noted, organizational learning can only come about if the employees believe that performance measurement is being used to benefit the well being of the organization as a whole.   

          In 1987, I had an opportunity to visit the Kawasaki plant and saw an example of what is possible when labor-management mistrust is not present.  On the plant tour, we were told that their business plan assumed that the plant’s productivity would increase by 1% each month.  We asked, “How many time study persons do you employ in the plant?”  Their answer, “None.”  “Then how do you know how long it takes to perform a given task?”  Their response was “Oh, we just ask our workers.”

     The point is that every organization has a choice.  It can decide to build a shared vision with its employees, i.e., relationships that challenge employees to use their backs, hands, and most importantly, their minds, in a team learning endeavor.  Or the firm can maintain an organizational design with traditional management-labor adversarial relationships, most of which are founded on a mental model of distrust.  

     From McGregor’s Theory Y, we learned that most individuals want to contribute in a participative way to the success of the organization.2    Organizations that don’t encourage individuals to make contributions within the formal organization may discover that employees initiate their own innovations in the informal organization.  This may be counter-productive.  The resulting loss of the individual’s potential means the organization is walking away from some of the best and least-costly sources of expertise.
     As we progress through this course, we ask that you perform a Sengelian audit of the organization by asking questions such as:

· To what extent does this organization need to continually adjust to a changing environment?

· In which areas of the firm is this need most critical?

· What practices and procedures has the firm used to disseminate these needs to its employees?

· To what degree do the key players, which may include individuals outside of the organization, understand and accept the importance of the firm’s strategic goals?

· Which performance metrics are being used to assess the extent to which progress in achieving the strategic goals has occurred?

· What activities do we perform because we do not trust others?  This includes measurement activities.

· What could be done better?   If so, is it in a strategically important area?

These are difficult questions.  In the following sections, we will address some of the tools effective operations managers use to address these issues.

The Operations Manager as a Problem Solver

       Too often, operations managers act if they exist to make decisions.  There are two problems with this swashbuckling-approach.  The first is that the speed at which the manager acts often leads to an attack on a symptom but not the real problem.  A symptom is an indicator of a problem.  For example, when a person who habitually drinks too much is viewed as having a drinking problem but it may be a symptom of the real problem--the person’s underlying state of unhappiness.  A problem is defined as a gap between a present state and some desired state.  A   manager needs to pause long enough to be sure that he is expending his energies toward solving the problem and not a symptom.  

     The second problem is that swashbuckling decision makers have not included others in their decision making process.  The solution may be a correct one, but no one has bought in yet.  Solutions are easier to implement when those affected have agreed before hand to what the problem is.  Building a consensus should occur in the early stages of the problem identification process. 

The Nature of Problems

      Problems exist in many forms.  One way to gain a better understanding of a problem is to categorize problems by their traits.  For example, we might ask:

· How structured are they?

· Are they strategic or operational problems?

· How fast must the solution be found?

· How often do problems of this nature occur?  Why do they come back?

· What is the nature of the activity involved?

In the following sections, we will briefly discuss how each trait influences how best to deal with problems.

Problem Structure:  A well-structured problem involves clear goals, reasonably complete and accurate information, and a well-understood means of achieving these goals.  Let us consider a simple example first.  Good car maintenance calls for its oil to be changed every so many miles.  The data needed to achieve this goal can be found by comparing the mileage on your odometer with that on the sticker the prior oil-changer placed somewhere in your car.  If the difference is greater than the recommended oil change mileage, then a change is called for.  The means to do this can be found at your local oil change specialist.

     Let’s consider the three traits of a well-structured problem in greater detail.  Ideally there will be one single goal but this is not always the case.  If multiple goals exist, then a more advanced form of decision analysis will be required.  A goal should be measurable.  If your goal is to have satisfied customers, then some means is needed for measuring this customer attribute.  If you cannot find a measurable attribute, then your problem is ill-structured.

      Secondly, for a well-structured problem, the data used to define the structure of the problem needs to be accessible.  In the oil change example, this was not a problem.  But when the operations research group at Weyerhaeuser wanted to model one of its lumber remanufacturing plants, it knew that the information needed existed, but it existed mostly in the heads of factory and sales people.  In order to transform this ill-structure problem to a well-structured one, the OR group took the knowledgeable individuals to a nearby resort and conducted group sessions to quantify the lumber yields, machine speeds, processing costs, and the market-related traits that the model builders needed to fill in its database.  

     Lastly, well-structured problems need a feasible way to implement the problem’s solution.  In the oil change problem, there were a number of ways to implement the needed action.  But for a more challenging problem, let’s once again visit Weyerhaeuser for an illustration.  In the 1960, an operations research group’s study indicated that it was possible to cut felled-trees into shorter logs better, i.e., how a felled tree is cut into logs is a most important yield decision.  If all trees were straight and equally sound throughout, there would be no problem.  But nature doesn’t always cooperate, so it matters how the tree is cut into logs.  This decision is called log bucking.  It was being made in the forest by logging crew personnel.  Prior studies indicated that 10% to 20%  value could be recovered from a typical tree if the log bucking decisions could be done in an environment in which the attributes of a log could be accurately measured and fed into a computer model which would tell how best to cut the tree-length log into smaller log segments.   In the 1960s, this was not feasible since tree-length old growth logs were too big to be transported to a site where they could be measured accurately before being cut into shorter logs.

     Twenty years later, the means to do log bucking near the forests exists.  Weyerhaeuser now harvests smaller, second growth trees from its tree farms.  These lighter tree lengths can be hauled to sites located near the harvesting where they are accurately measured and observed before they are cut to lengths that are best for value recovery.  Logs best suited for plywood manufacturing have one length whereas logs best suited for lumber have another length.  You might even call this a felled-tree triaging process.

         But before this approach could be implemented, they needed to convince the people that this hi-tech approach would indeed work.  So a test was developed in which pairs of nearly identical trees were selected.  The first set of tree-length logs were cut into shorter logs using existing log bucking practices.  These logs were then sent to their respective processing centers and the value of the products produced was recorded.  The second set was sent to a prototype “log merchandiser” which accurately measured each logs using laser technology.  This information was then fed into a computer model to determine where best to cut the tree-length logs into shorter logs.  They were then sent to their respective processing centers and the value of the end product produced was recorded.  The results indicated that about 15% better yield could be realized.  The model had won. 

     At the other end of the problem structure spectrum are ill-structured problems.  A problem is considered ill structured if it: does not have a well-defined goal, it lacks sufficient data to support product-understanding activities, or it is unlikely that the means for implementing a solution are not available.  With a poor understanding of appropriate goals, a manager will have trouble assessing the size of the gap between the current state and the desired state—or even if a gap exists.  Without data or the means to measure what is going on, most managers are reduced to using intuition and/or what has worked adequately well in the past.  In an Olive Tree environment, this may work well but in the fast lane, one proceeds with peril.   

     Perhaps the worst type of ill-structured problem is when you know what your goal is and you know how to solve the problem, but you lack the means to implement a solution.  An example is the horrible spread of HIV infections in Africa.   Known solutions exist, but the will or the means to get the message out and implemented it do not exist.  Can you think of a personal problem for which you know the goal and the solution, but for some reason, the solution does not get implement?

Strategic versus Operational Orientation:  Strategic problems affect how the firm formulates and manages its resources to implement its plans to deliver value to targeted customers.  Operational problems include such things as: equipment breakdowns, employee absenteeism, and supply chain disruptions.  Operational problems tend to have a shorter term perspective, although continued failures at the operations level can result in a failure to implement one of the firm’s strategic objectives.

Urgency of the Problem:  The urgency of a problem may dictate how management deals with the problem.  Most strategic problems allow management to dwell on the implications of them and to spend sufficient time to analyze them before deciding on the best course of action.  Strategic problems can also possess urgency, such as deciding what a firm should do to respond to an unforeseen challenge or business opportunity.  Firms operating in the Lexus lane will confront urgent strategic problems more frequently.

      Urgent problems at the operations level must also be dealt with swiftly.  If the problems are well structured, then quick analytical solutions may be possible.  Urgent ill-structured problems will call for experienced-based, seat-of-the-pants approaches.

Frequency of the Problem:  Problems that frequently occur present a challenge to managers.  Frequent fixing may indicate that either the process remains out of control or that the actions taken have been directed at the symptoms and not the root causes of the problems.  All too often, managers confuse effectiveness in quickly dealing with problems with control.  Their Japanese counterparts would most likely see recurring problems as an indication that they had failed in to achieve appropriate levels of control over their environments.  At the very least, managers should ask of recurring problems, “What can we do to prevent this problem from occurring again?”

Problem Orientation: In an attempt to avoid reinventing the wheel every time a problem is encountered, operations managers often seek to categorize problems into classes for which known problem solving techniques exist.  Ackoff and Rivett identified most operations problems as being one of the following: 3
1. Queuing problems:  Queuing problems arise when people arrive at a service.  When customers arrive at a bank, they often have to wait in line for a teller.  The managerial challenge is to assign resources in order to balance the costs associated with employing people against the costs of giving poor service.  Providing the “right” level of customer service of course depends on the values and patience of your customers.

2. Allocation problems: The problems require managers to assign resources (labor, machines, materials, and so forth) to competing jobs in a way that optimizes the goal of the firm.

3. Inventory problems: These require managers to control investments in material resources in a manner that balances the needs of both internal and external customers and the cost minimization goals of the firm.

4. Sequencing problems:  These arise when jobs must wait for a resource, such as a machine.  Managers must determine the order in which jobs  should be done based on the structure of the work, the urgency of the jobs, the workload existing within the system, and the availability of productive resources. 

5. Routing problems:  These arise when a resource (such as vehicle or a machine) must “visit” a number of sites during a given time.  The manager must set the order in which the resources tours the sites on the resource’s schedule with the goal of minimizing costs or maximizing operational efficiency.  Your tour through a supermarket with your spouse’s grocery list is an example of this problem.  Backtrack much?

6.  Replacement problems:  These require managers to balance the cost of acquiring new, additional, or different resources against the likely costs associated with depreciated sale value, breakdown costs, or even reduced emotional joy.  

7. Competition problems:  These arise when managers must weigh the consequences of its actions against the likely response of other players.  If one raises the price of your product, what are the likely responses of your customers, your competition, or even some part of government?

8. Search problems: These problems involve efforts to gather information or to enhance understanding about a process.  It may be a pursuit of a better way to do something, such as hitting a golf ball.  Or it could involve sampling to find out the true state of nature about an entity—such as our giving quizzes to find out if you have been doing the reading. 

We suggest this categorization scheme for two reasons.  The first is that it may work, thereby saving you time and effort.  Many of these problems have useful software programs that are designed to solve these problems.  But this advantage is only an advantage if it fits.  Often, individuals with proven skills in one area falsely see problems as being one in which their talents can be used.  The second reason for using this approach is that it facilitates communications with operations management and operations research professions.  Saying that a given problem is essentially a queuing problem helps communicate the nature of the problem.

Solving, Resolving, and Dissolving Problems

     Once a problem has been correctly identified, the corrective actions can take one of three forms.  An operations manager may:

· Solve the problem which means that an optimal solution has been found and implemented.

· Resolve the problem, which means that an acceptable solution to the problem has been found.     There may be a better solution, but we either have not been able to identify it or we are not able to effectively implement it.  

· Dissolve the problem, which means that we have effectively eliminated the causes of the problem, thereby eliminating the need to find a solution.

To illustrate the differences, consider a firm that stocks a product with a sales rate of 1200 units a month.  The inventory holding costs are estimated to be about $1 per unit per month and the cost of production setups for this product is $150 per setup.  This is the classic inventory order problem in which one asks, “How much should be made in a batch?”  When this problem is solved mathematically, the least cost batch is 600 units.  

      Suppose that this product is normally shipped in bins that hold 500 units.  If we plug this number in the total cost model, we see that the annual costs that would result if lots were ordered in batches of 500 is only about 5% higher than the least cost solution.  This solution is good enough so it is resolved that production will be ordered 500 at a time.  We know that this action is not optimal but it is good enough.  The problem can be dissolved if we can find a way to eliminate the $150 product setup cost. If our industrial engineers find  a way to eliminate product setup costs, then the most economic order quantity now is whatever the market demand is for that period.  Before one optimizes, it always pays to ask if there isn’t some way to dissolve problems.   It should be noted that problem dissolution works best on the job but is not a recommended approach on the home front.

THE OPERATIONS MANAGERS’ TOOL KIT

     At the start of this shell, we introduced you to a creative problem solver.  Hal found a solution to his cable-wiring problem by keeping an open mind.  We conclude this shell with a brief introduction of some analytical tools that have proven useful to operations management practitioners.  In some cases we will be able to provide you with an adequate understanding to get you started.  With some of the others, a basic operations research text will be useful.  In the OM Toolkit, we classify tools by their capabilities.

· Investigative tools: These tools are most useful in the early stage of a study.  The toolkit includes:

· Informal methods

· Walk-around management

· Brainstorming

· Process Documentation

· Process flow analysis

· Maximum flow analysis

· Minimum project time analysis

· Shortest route analysis

· Data Collecting Tools

· Check sheets

· Cause and effect diagrams

· Plan-do-check-act

· Statistical methods

· Histograms

· Scatter plots

· Organization-wide explorations

· Benchmarking

· Attribute Mapping

· Tools to Glean Meaning from Data: These tools seek to find meaning from the data.

· Simple regression

· Multiple regression 

· Hypothesis testing 

· Acceptance sampling procedures

· Control charts 

· Design of Experiments

· Models: These seek to solve or resolve problems with the use of mathematics and or computers.

· Unconstrained single goal models

· Constrained single goal models

· Lagrange multiplier models

· Linear programming 

· Integer programming

· Waiting Line Models

· Queuing models

· Monte Carlo simulation models

· Work Sequencing Models

· The Gantt chart

· PERT/CPM models

This is a partial list of the tools and methods available to the operations management practitioners.  In the following section, we provide a brief overview of each of these tools.  

Investigative Tools

     Investigation is the focused facet of monitoring—an ongoing management activity.  Managers  monitor what is going on with their daily walk through the plant, their chats with employees in the coffee room, and when they review their reports.  Here we deal with an activity that is focused on getting to the bottom of a perceived problem.  Investigative activities can include:

Purposeful walk-around management:  All good managers visit their troops.  This key operations management activity can assume an additional objective when managers want to get a clearer picture as to what is happening before launching a more formal investigation.  It is important that operations managers not dilute their plant level goodwill with unnecessary witch-hunts.  One must take care not to vary too much from your routine lest you arouse suspicions that your verbal interactions are not genuine.

Brainstorming:  This involves getting key knowledgeable individuals together to discuss the dimensions of a perceived problem.  It is best done early in the investigative process lest you give the impression that you just want them to confirm what you have already decided is the problem.  For example, a store manager might start off a meeting with an anecdote, such as “I was talking with a person at a cocktail party the other day, and she told me that she never shops at our store any more because we are always out of stock.  Do we have a problem here?”

The next stage in developing a better understanding of operations-level problems is documentation.  The above tools shed some light as to what might be going on, but the need to document what is going on or is being said quickly becomes apparent.  In verbal situations, it often is useful to have someone prepare a written summary of what was said.  If you ever have been asked to do this, you can replay what was said in a linear fashion (i.e., in the order in which the comments were made) or some type of categorization.  Categorization has the advantage of highlighting similar and dissimilar comments.

     In other situations, pictures can do much to illuminate what has been observed.  In the previous shell, we introduced a number of process flow tools that were useful in documenting business processes.  Note that each did not immediately identify a problem or a solution to a problem.  What they did do was to describe the situation in a light that led to an enhanced understanding of the problem.  It did this by doing things, such as locating the bottleneck operations or the activities along the project’s critical path.  Given that information, management can now take some actions.  

Data Collection Tools  

     Investigations benefit from having pertinent data.  Some of the most useful data collection tools are:

Check Sheets:  A check sheet is a device that is intended to allow the observer to systematically collect data in a way that enhances our ability to understand what might be happening.  Check sheets exist in three basic forms: 

· Attribute check sheets categorize data by attribute, i.e., male or female, young or old, etc.

· Variable check sheets categorize data by the values of its variables amount.  Rather than young and old, we might record actual ages.

· Location check sheets categorize events spatially.  We all have seen maps with pins denoting the location of events such as: fatal accidents, customers, or sexual assaults.

The purpose of each of these tools is to enhance our understanding of the situation being studied.  The technique, in and of itself, does not solve anything.  It presents data in a way that leads to a solution.

     Consider a situation in which we need to study why a child’s sand castle is disappearing on a beach.  Over the next thirty tides, we ask our son to build a sand castle pretty much as he has done in the past.  After each tide change, we observe whether the castle remains and records the observation as follows.

Exhibit 2

An Attribute Check Sheet



It seems likely that the major culprit is the high tide, but not always.  We have learned something but we have not been able to explain the five outcomes denoted with bold print.  The search should continue because we have lost something.  As it turns out, in four instances, our son built the high castle above the high tide line.  That explains the four outcomes in the upper left box.  The one in the lower box remains a mystery,  we did have a storm one night, but our records did not record which day this outcome occurred.

Cause and Effect Diagrams:  Problem solvers often face problems with unknown dimensions.  Hence it is too early to create mutually exclusive categories as we did with check sheets.  When this situation exists, Cause and Effect Diagrams provide a useful mechanism for extracting from the knowledgeable people, some of the possible causes for the problem or symptom.  We start with a situation for which we need to know more about why it is occurring.  It could be classroom absenteeism.  On a blank sheet of paper, we write Problem: “Student absenteeism.”  We then ask, “what are some of the possible causes for students being absent?’

Exhibit 3

Cause and Effect Diagram








Care must be taken not to exclude possible causes.  For example, in the above, it may be politically incorrect to suggest that there are too many parking slots reserved for persons with handicap stickers.

     When it appears that most of the possible causes have been elicited from the participants, then it makes sense to seek a consensus as to what might be the major points.  Some consultants ask the players to place stars next to those causes that they think are the most important.  Once this has been done, the causes with the most stars can then be used to prioritize future management actions.  But care must be taken to focus on causes that are susceptible to management actions.  Knowing that earthquakes are a cause for tidal waves is important, but in reality, there is little humans can do to prevent their occurrence.  Focusing on buildings erected close to the shoreline might be more productive.

Plan-Do-Check-Act Cycle (AKA The Deming Cycle): The scientific methods is alive and well but of late we have given it special names.   One of these is called the PDCA Cycle, one of the investigative tools associated with the Total Quality Management movement.  It consists of four separate but linked activities that are designed to identify opportunities for continuous improvement.  The activities that spell out the name of this tool are:

· Plan: Managers identify a problem by studying the current situation to detect a gap between it and the desired future situation.  A large gap is worthy of considering a major corrective action.  A small gap makes it suitable for a firm’s continuous improvement process.  During this stage, the manager must identify actions that might close the gap.  This step culminates with a decision to try one or more of the gap-closing procedures.

· Do: Managers than proceed to implement the proposed gap-closing procedure.  If possible, this is done in a setting in which all other things are kept equal.  The intent is to try to isolate the effects of one or more of the key process variables.  If this cannot be done online, then some other form of experiment must be tried.  This may be a lab model or a prototype process.

· Check: The results of the experiment are then compared with what was expected.  At this step, the manager compares the actual results with the desired results. If the process’s results are moving in the right direction, should additional experimentation be conducted?

· Act:  Here managers review the results and take appropriate corrective action.  The objective is to take corrective measures that will prevent reoccurrence of the problem being studied.  

This is an ongoing process.  Once we are convinced that the problem has been corrected, we need to determine that the solution is not causing any other problem.  Once the solution has been institutionalized, we can then go on to the problem with the next highest priority or the problem that can most use the newly gained expertise.

Statistical Methods: With the advent of spreadsheets with graphical display capabilities, descriptive statistics has come back into its own as an investigative tool.  Two of the most used statistical tools are:

· Histograms provide an efficient way to display the range and pattern of data.  The range (i.e., the width of the distribution) tells the likely highest and lowest outcomes if the future is like the past.  Knowing the mean and median quantifies also helps with process planning.

Exhibit 4

            A Histogram


Consider the above data set showing the number of NBA players by age.   An observation of this distribution may indicate a number of things.  One is that most players enter the league immediately after college but that their careers seemingly last about five years.  The other is that so-called hardship cases, i.e., those who quit college early or who never go to college, are becoming a significant factor in professional basketball.

     The pattern of the distribution offers managers some insight as to the underlying processes that are generating this profile of outcomes.  If one encounters a pattern approaching a normal, bell-shaped distribution, then this may indicate that the outcomes are being generated from a single stable process.  In contrast, if the manager encounters a pattern with multiple peaks, then this may indicate the presence of more than one process.   For example, if we had two individuals making demand forecasts.  The first individual is a pessimist so his forecasts are always about 20% below actuality.  The second is an optimist and his forecasts generally run 30% higher than that which actually occurs.  If we were to record the forecast errors of each individual  and then create one histogram of the forecast errors encountered, the distribution would have the following pattern.

Exhibit 5

A Histogram with Twin-Peaks



An insightful manager may try to solve this problem by giving individuals additional training in forecasting or he might resolve the problem by using both of their forecasts in an equation that adjusts for their known bias. 

     When the shape of outcomes shows no readily identifiable pattern, the manager may fail to glean insights—other than the factor that his world seemingly is unfathomable.  “Thanks.”  But in actuality, this may be a sign that not enough is known about the process--or the way we are measuring performance.  Don’t shoot the messenger, dig deeper.

· Scatter plots offer a way of displaying two-dimensional data in an insight-building way.  Using the graphic display capabilities in Excel, one can create a scatter plot by displaying one variable’s measurement along the x-axis and the second along the y-axis.  If one suspects that one measurement is causing the other’s measurement, then the perceived independent variable is placed on the x-axis and the dependent variable on the y-axis.  If you really don’t know which is which, just plot the data.  Consider the following two scatter plots.

Exhibit 6

Two Scatter plots


In scatter plot one, we do not see any pattern, i.e., the values along the y-axis do not seem to follow the values on the x-axis.  Scatter plot two does seem to indicate a relationship.  The higher the values of the x-axis, the lower the value of the y-axis.  Indeed, we might even “fit” a line to illustrate how measurement 1 and measurement 2 relate.  Caution: we have not affirmed causality.

     If one calculates the difference between the line value and the observation point values, the magnitude of these deviations indicates the strength of the relationship existing between these two measurements.  Small deviations indicate a strong relationship.  Large deviations indicate the reverse.  Lastly, if the pattern of these deviations is not consistent over the entire range, then this may be indicative that the relationship is not consistent over that range.

Organization-Wide Investigative Tools:  

     One common weakness is that we fail to investigate outside our organizational domain.  Just as marketing should seek feedback from its non-customers along with its existing customers, operations managers have long understood the importance of studying the business processes of other firms—especially those with leading-edge activities.  Within OM, these are called best practices.  

· Benchmarking:  One way to learn more about a firm’s best practices is a learning process called—benchmarking.   A benchmark is a standard for others to strive to achieve or exceed.  Benchmarking is a process-oriented management activity in which the company creates a team to study a business process with the intent of improving it.  It involves four stages:

· Stage One: Identify a business process deemed needy of improvement.  It may be something as simple as the order entry process.  Spend time to know exactly how your process works and how well it is contributing to the overall effectiveness of the firm.  Measure its performance using value-based metrics. 

· Stage Two:  Search the world for others with like business processes.  Try to identify those who, in the estimation of benchmarking experts, are considered world-class performers of that activity.  Caution: do not assume that world class companies consist entirely of world-class processes.  A process worthy of being studied may reside in a firm with mediocre performance.  Also, do not limit your search to firms strictly in your industry.  You may not be in the mail order business, but your firm might want to study the way L.L. Bean handles its order entry.  The focus is on the process—not the industry.  Also, do not rule out the possibility that somewhere in your firm, a world-class process exists.

· Stage Three: Once a world-class process has been identified and the firm has agreed to let you benchmark its process, prepare a systematic observation plan for your tours of the facility being studied.  The purpose of the visit is not a plant tour--it is a process inspection.  Upon completion of the visit, your team should have: completely documented the process, understand how its process capability specifications differ from those of your firm, and identify those areas in which the process studied has capabilities superior to those of your plant.

· Stage Four:  Develop a process improvement plan for your operations based on what was learned.  These may involve a full-scale redesign, but in most cases it will result in a refinement of the existing processes.

One secondary benefit of benchmarking is that employees who are not normally included in management activities get to visit other plants, talks to their operators, as well as some managers within their own firm that they might not normally have significant interactions.  You can almost hear a plant level worker thinking: “Humm, they bought me a ticket to Iowa to study John Deere’s order entry system.  They must value my experience and opinions.”  Respect works.

· Attribute Mapping: A more general approach to studying the characteristics of your competitors is called attribute mapping.  The purpose is to objectively compare the attributes of your operations with those of other like operations.  You might be comparing your division and how it performs viz-a-viz with that of other within your firm.  For example, Weyerhaeuser’s corrugated box division might want to compare the plant and customer profiles of the five best performing converting plants with its five worst under-performing plants.  Looking externally, McDonalds might want to compare the attributes of its Class A locations with those of Burger King or In-n-Out Burger.  
 Mapping is an excellent way to include subjective data into your investigations.  It starts by defining which attributes you think important and a decision of how best to measure each attribute. Two common forms of attribute mapping are linear maps and the radar diagram.  A linear map has the form:

Exhibit 7

Attribute:  The Freshness of the Food



It should be noted that this subjective estimate was made before McDonalds changed its processes. 

     A radar diagram does essentially the same thing but in a more compact form.  Whereas a linear map has a line for each category, radar diagrams have a spoke for each attribute, as can be seen below.

Exhibit 8

A Radar Diagram








Here we are going to compare the performance attributes of two major discounters, Kmart and WalMart.  Prior to the start of the investigation, we have identified eight attributes of interest.  Marks closest to the hub denote weak performance whereas those closest to the outer circle denote excellence.  Some practitioners go one step further and connect all of the Ws and Ks with a line to create a spider web like diagram.

     When the process is complete, you have a concise diagram that displays the investigator’s estimation of the firm. The points on this chart can be single point estimates or they can be statistical medians or averages if the observations come from many individuals.  We recommend it as a concise way to display attribute data—one diagram fits all eight dimensions.

Tools to Glean Meaning from Data

   In a sense, the act of collecting and displaying data should provide some meaning.  But there are a number of statistical tools that enable the operations manager to make more definitive statements.  Yes there is a difference—but is the difference significant or just random noise?  The use of mathematical statistics enables the operations manager to answer such questions.  The following are some of the tools that operations managers use to better understand what is happening.

· Simple regression:  As we saw in our discussion on scatterplots, it may be possible to discern a relationship between two variables.  In simple regression, we try to formulate a model in which one tries to explain the behavior of an assumed dependent variable, (normally placed on the y-axis), as being “driven” by an independent variable, (normally placed on the y-axis).  A simple linear regression model seeks to determine the line that best fits the data.  Using the least squares method, it seeks to determine those constant values, a and b, that will result in the best fitting line y = a + bx.  

· Multiple regression:  This form of regression extends the above model to include the multiple variable case, i.e., we try to find those values of constants which will provide the best fit for the expression: y = a0 + a1x1 + a2x2+  …..+ anxn  where y is the dependent variable and the xjs are the independent variables.

· Hypothesis testing:  This technique involves sampling from a population to create statistics, such as a sample mean, which then can be used to prove or disprove a hypothesis.  For example, we need to know if the percentage of product defective in a shipment is higher than the 2% upper limit the firm has established as its acceptance standard.  A sample is taken and each unit sampled is tested.  Based on this information, we can infer whether or not the lot meets our quality standard.  When control charts are used, the hypothesis being tested is “Is the process under control?”  Based on our sample statistics, we make that judgment.  The topics will be covered in greater detail in the Managing for Quality shell.

· Design of Experiments:  Just as in the case with PDCA, design of experiments seeks to systematically explore for more desirable areas of the operating surface.  Consider it the multiple regression equivalent of the Deming Cycle.  With this method, investigators systematically plan how they want to explore a system in search of better results.  

Model Building
       A model is an abstract representation of reality that simplifies actual events or situations.  Some of the earliest models were built for salespeople to simplify the task of explaining what a product looked like or how it might function.  These were physical models.  Today many of the models use mathematics, computers, and computer-assisted graphics to reflect reality.  In the operations management realm, models have been used to solve many of the eight forms of problems discussed earlier. Usually, the model builder represents reality as being a set of decision variables whose values determine the level of achievement in reaching our goal(s).   Some of these applications are:

· Unconstrained single goal models:  Here our goal is either minimization or maximization.  In the classic inventory problem, our goal is to pick that level of the decision variable (the lot size) that will minimize total inventory holding and production setup costs.  This is a deterministic model.  In the classic newsboy problem, one must decide the number of newspapers purchased on a one-time basis that will maximize expected profits.  This is a problem with uncertainty.   Unconstrained single goal models can be solved using calculus, spreadsheet searching, or graphical methods.  The method that you use should be based both on your level of comfort and the ability to explain the results to the interested parties.  For simple problems, spreadsheets offer a truly flexible approach.  Costs don’t have to be continuous.

· Constrained single goal models:  In the real world, limitations exist.  The task of the operations manager is to find values for each decision variable that will optimize a goal while observing one or more constraints.  Usually constraints exist in either the form or resource limitations or marketing requirements.  In the classical economic lot size model, we did not concern ourselves with warehouse space.  If the resulting lot size means that we cannot fit all of the goods into a warehouse, then we must either get more warehouse space or reduce the size of the lot.  Both will lower the value of the goal.  In this case, it will mean that the production and inventory costs associated with that product will go up.

There are a number of ways to solve constrained single goal models.  Three ways are:

· The Lagrangian multiplier approach:  This method takes the constraint, such as warehouse space, and places it in the objective function.  What it does in the inventory model is to systematically raise the cost of holding inventory until the lot size is reduced to fit the warehouse.  This method can only be used for relatively small problems, i.e., problems with only one or two constraints.

· Linear programming:  Linear programming selects those values of the decision variables that optimize a linear objective function subject to a set of linear constraints.  Computer programs exist that are capable of handling problems with thousands of variables and constraints.
     Linear programming problems typically are found in material flow type industries, i.e., oil refinery and shipment problems, mix problems, and unit fractionation processes, such a slaughter houses.   Mathematically, linear programming problems can be expressed as:

                 Max or min z = c1x1 + c2x2 + c3x3 + … + cnxn
Subject to:

             ai1x1 + ai2x2 + ai3x3 + … + ainxn { <,=,  or >}  bi    for i = 1,2,3,…,m 

and

                                            xj >= 0

For a cost minimization problem, the decision variables are the xjs.   Each unit of decision variable j costs aij dollars and uses aij units of resource i.   Relax, you will not be asked to solve this problem with the Simplex methods in this course because the ability to solve this problem exists within Excel’s Solver option.  

· Combinatorial Methods:   The power of the computer makes it easier to solve allocation problems such as the one discussed earlier.  It would be fairly easy to find the largest integer value for each variable by dividing the amount of resources available by the resource usage coefficient aij.  If the maximum integer value for variable xj is UBj    If one does this for every variable, then the number of possible solutions is (UB1 + 1) * (UB2 + 1) * …..* (UBn + 1).  For each of these combinations, we need to see if it violates one or more of the constraints.  If it is feasible, we then determine its total objective function value.  If it is better than any one we have found yet, we store it and continue the search until we have evaluated all possible combinations.

Work Sequencing Methods:  

     As we saw in the previous shell, there are a number of problems that ask us to find the best “something” through a network.  Our goal could be to maximize flow, minimize project duration time, or select the shortest path through a network.  Some tools that are used in this area are:

· Gantt Chart which is a graphical way to arrange work in a feasible least time way 

· PERT and CPM  which are project management application packages  

During the remainder of the course we will refer frequently to these tools and ask you to learn more about them.  I hope that we have given you a good start.  Happy surfing!

LINKING ORGANIZATIONAL LEARNING TO CORPORATE PERFORMANCE

      Learning how to do something better does not always result in better results.  Many an American company has failed to see bottom-line results from all of the initiatives carried out within the organization.  Isolated victories need not result in winning the war.

      In Jack: Straight From the Gut, Jack Welch, GE’s former CEO provides a profile of how one leading edge company has gotten results by integrating strategic initiatives within a performance driven management system.4   The GE way differs from the old HP Way in that an individual’s or a business unit’s survival depends on its ability to meet specific quantifiable goals.  Individual managers that are assessed as being in the lowest 10% performance class are purged from the system—both in good years and bad.  Individuals deemed to be in the upper 20% are richly rewarded with promotions, raises, and stock options.  But to survive, even these Class A managers must subscribe to organization values.  While he never uses the term, it is clear that GE’s core competence is a management development process that Jack proudly refers to as his “People Factory.”

      An equally important facet of the GE way is the creation of a culture that is “boundaryless.”  While benchmarking has been around a long time, GE has made it an integral part of its management system.  Because an individual’s reward is tied heavily to the performance of GE stock, managers are encouraged to share what has worked and not worked in their business units.  The Not Invented Here learning disorder is not tolerated.

     Once Welch discovers a best practice with organization wide potential, he develops what he calls “Game Changer” initiatives.  For example, while they tried most of the Japanese quality management programs, he never saw the significant improvements in product quality that he expected.  But when he saw what Motorola and Allied Signal were realizing from their Six Sigma Quality programs, Welch initiated Six Sigma as one of the firm’s key initiatives.  Soon, Class A managers were being judged by their success in developing Six Sigma Programs within their business units and by their measured results.   In Jack, he routinely cites the financial returns resulting from successful Six Sigma initiatives with GE’s business units.

      Prior to reading Jack, I was not a fan of the “manage by the numbers” approach used by many successful conglomerates.   I figured, “How could those back at corporate headquarters help me make this a better business units?   All they seemed to care about was ROI and earnings per share!”   I was right, but the GE way involves much more.  GE’s work out review process hones its management system to enable its business units come to grips with the key issues that all successful managers must deal with—especially in a fast pace industry.  By “peeling away the onion,” the work out review process “aggressively helps” business unit managers plan and dictate the future of their businesses.  

     Lastly, Jack Welch has created an organization that initiates and supports results-oriented learning.  It is a culture that rewards corporate-focused passion.  The term “corporate-focused” is used because while individuals are the stars within GE’s world, it is the wellness of GE and its shareholders that matter the most.  Even golf comes in second or third.  I didn’t say second out of respect for his talented, understanding second wife who had to share her honeymoon with a mind that never was far removed from the GE way—his way.

SUMMARY

     This shell builds on our development of process flow analysis begun in Shell 4.  It started with a macro-level discussion of what organizations must do if they are to learn.     The shell starts with Peter Senge’s Learning Organization concepts—including a discussion of his five components technologies of learning.

       Since learning relies on observation and data gathering, we discussed how organizations collect and use data.  This then lead to a discussion of problems, their structure, and a categorization of  some of the classic forms of problems.  The purpose of categorization is to avoid having to reinvent the wheel whenever problems that have previously been encountered are found.  The concept of solving, resolving, and dissolving problems is discussed.

      The shell introduces a taxonomy of some of the tools operations managers use to identify and solve problems.  These tools are categorized as: investigative tools, statistical tools, organization wide exploratory tools, tools to glean meaning from data, and model building.  It concludes with a brief overview of the contributions of my secular god, Jack Welch—the individual that many consider the greatest manager of the 21st century.  Forgive my bias but studying the GE way is a good place to benchmark management processes.
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