
Chapter 8
Creating a Production Process

Accomplishing work in an organization requires a production process that is capable of turning
work inputs into quality outputs. Creating such a process is the subject of this chapter.

8.1 Source of Production Processes

Many production processes were never designed; they just grew. For instance, most college
professors have had considerable instruction on the content they deliver, but few of them have
had instruction on the process of delivering it—they just started teaching. The same is true of
many office processes and service processes—people just started doing things, and that became
the accepted process. Many work processes were designed in much the same way as the streets
of many old cities were designed by cattle looking for the nearest watering hole.

Major Processes

The situation is different for an organization's major processes. For example, manufacturing
companies typically have a Production and Operations Management Department that is responsible
for building and maintaining the manufacturing processes. And most firms have an Information
Systems (IS) Department with similar responsibility for the organization's automated information
systems. But even in manufacturing companies, who builds the processes for Marketing,
Accounting, and Personnel? And who builds the processes for universities, local governments,
and the local mom and pop shops?

Departmental Processes

Many processes are built and maintained by department managers or staff who have little training
or experience in doing so. Because most processes have a heavy information component, the
IS Department becomes involved in some of these efforts and, by default, tends to wield a strong
influence on the entire development effort. As a result, the information component of the process
gets attention from professionals, but the noninformation component does not. Because IS
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personnel generally are not highly sensitive to human factors, the result can be a very
user-unfriendly process.

One way to lessen the problem of poor production processes is to encourage every manager to
gain the ability to build effective, user-friendly work processes. Even if managers don't use this
ability to actually construct a process, it will help them to manage and improve processes.

8.2 Some Process Fundamentals

Process Ownership

Every production process should have a designated process owner or process manager who
is responsible for managing the process: overseeing construction of the process, monitoring
process performance, authorizing process improvements, and replacing the process when
warranted. This position is especially necessary for processes that cross organizational lines,
making the natural authority over the process unclear. The process owner should be a manager
whose major assignment is related to the process in an important way. The major duties of a
process owner are to see that the process is properly documented, maintained, improved, and
replaced when appropriate. However, the process owner is not necessarily responsible for
operating the process.

The department manager is a logical candidate for ownership of a process that falls primarily
within that department. But who should own some of the automated processes? or some of the
major personnel processes? Part of the task of top management is to decide such matters.

Process Management and Project Management

Building or making a major change to a process should be treated as a project. A distinction must
be made between managing the process and managing such a project. For illustration, let us
consider the process used by the IS Department to develop information systems.

The process for creating a computer software system (computer program) might be described
in a document called the IS Development Methodology. The manager of this methodology
typically is the manager of the IS Department. An individual effort to create a software system
is a project; the person in charge of this effort usually is called the project manager. The
project manager is responsible for managing the development effort following the guidelines
in the IS Development Methodology.

Building a Production Process

Building a production process is a complex undertaking that requires specialized skills. In outline,
the important steps in building a process are:

• Determining all customer requirements for the process
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• Selecting a principle of production (discussed in Section 8.4)
• Building the transformation and control processes
• Verifying that the production process meets all customer requirements

8.3 Production Process Requirements

A production process has many customers, some internal and some external. The first step in
determining process requirements is to identify all customers. The next step is to determine all
requirements of these customers. Quite likely, there will be conflicts in the customer requirements,
and such conflicts must be resolved so as to arrive at a complete, consistent set of requirements.
A useful technique for determining customer requirements is to conduct a JAD session; it is
discussed in Section 9.9.

Production Process Standards

A production process must comply with certain process standards. Process standards relate
to such things as work methods, tools, controls, or operator qualifications. Standards can be
viewed as a form of process requirements. Standards are of two types: internal standards
established by the organization itself and external standards established by various laws,
regulations, and industry associations.

Some process standards are merely guidelines to good practice; others are legal requirements
or requirements that must be met to gain customer acceptance of the process products. Examples
of the latter are the ISO standards and standards for a firm's quality control procedures imposed
by an important customer. However they arise, standards can be viewed as a form of process
requirement.

The purpose of process standards is to maintain a uniform way of conducting the organization's
business. This provides many benefits: Training can be more uniform; people can be transferred
from process to process more readily; less confusion arises when different groups discuss their
processes.

Process standards also help to improve quality. Having a process standard that applies throughout
an organization sends a message that quality concepts apply to everyone, even such "nonproduct"
areas as marketing, accounting, and food service.

Example. The mills of a large American steel company are located in several states. Acting
independently, the IS departments at these different locations developed methodologies for
their application development process. Although these were satisfactory for local use,
differences in the methodologies among the locations caused intercommunication problems
and hampered the development of common information systems. To correct this problem,
the company adopted IS standards to be used at all locations.
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Example. Robert's rules of order is a standard adopted by many organizations to regularize
the process of conducting a meeting. It arises from customer requirements that are both
general (the need for a fair and orderly way to conduct discussions) and specific (the need
for a process for adopting resolutions).

This example suggests how powerful a process standard can be. Robert's rules structure the
entire meeting; they impose limits on debate, allow for shifting the order of business, and so on.
In the same way, process standards help establish how the work of that process is to be
accomplished—the methods, procedures, sequence of work, and plans and controls. Process
standards deal with matters that are vital to the organization and the quality of its products.

An organization also needs a standard for standards. This should state what product and process
standards are required, who is responsible for monitoring and recommending standards, how
standards are adopted, and how people who need to know about a standard are kept up to date.
Included in this document should be a statement on the responsibility of top management to see
that appropriate standards are adopted and managed. Standards are at the very heart of quality,
and the responsibility for quality must start at the top.

8.4 Principles of Production

To be effective, a production process must be based on some logical principle of production.
Three such principles can be distinguished:

• Stage production
• Assembly production
• Process production

Each is suitable for some products and not for others, and each makes its unique demands on
skills and resources. And each has its own characteristics regarding the quality of process
products.

Stage Production

Stage production is based on homogeneous stages of production. A familiar example is the
production of a house. Typical stages for this production are laying the foundation; framing the
house; installing major systems of plumbing, wiring, heating, and so on; and finishing the interior.
Another example is the production of an information system. Typical stages for this production
are requirements determination, systems design, systems build, and systems test.

Characteristic of stage production is the view that the product is more important than the
process—usually the quality emphasis is on checking the quality of the house rather than on the
quality of the building process. Consequently, the building process is not improved, and the cost
of quality stays relatively constant. Another characteristic is that the production process must be
able to accommodate a large variety of products (each house might be different); this presents

Page 158

Achieving Quality Through Continual Improvement, 1e
Chapter 8



another quality challenge. Finally, changes in requirements are fairly common because customers
have difficulty in visualizing what the final product will be like. This makes requirements change
control extremely important.

Assembly Production

Assembly production is based on assembling a product from standard parts. A good example
is a process used to assemble a personal computer from components. There are two subprinciples
of assembly production. In rigid assembly, the product is standard; in flexible assembly,
standard variations of the product are produced. Rigid assembly is used to produce standard
catalog products, and flexible assembly is used for products available in standard variation.

Example. Traditionally, information systems have been developed by stage production. An
object-oriented approach allows development by flexible assembly.

Rigid assembly production is well suited to mass production. On the other hand, flexibility offers
customers more choice, which translates into economic benefits. The advent of computers has
done much to lessen the difficulty of building flexible assembly lines.

From a quality perspective, the work process plays an important role in assembly production. A
well-designed, well-constructed assembly line is a good foundation for quality. But some degree
of randomness is found in every assembly line: variations in input supplies and materials, in
operator actions, in measuring equipment, in product handling, and so on. An important task is
to monitor the process to detect quality problems and remove their causes; statistical process
control plays a part in this effort.

Process Production

Process production is an integrated system; it has no stages of production and no parts to
assemble. In process production, the product is defined by the process and vice versa. The two
subprinciples of process production are flow production and service.

The classic example of a flow process is an oil refinery. The end products produced by a refinery
are determined by the process used; defining the process defines the product. Other examples
of flow processes are telephone systems and transportation systems. A flow process generally
is highly capital-intensive. And it is inflexible; once built, it is not easily modified. On the other
hand, a flow process runs almost automatically, employing relatively few people in production.

Examples of service are medical, government, educational, and financial activities. Unlike flow
processes, service processes generally are labor intensive. Consequently, they require careful
control. The capital requirements for a service process might be low, as for a barber shop; but
they can be very high, as for a hospital or a research center.

From a quality perspective, similarities and differences exist between flow production and service.
For both, quality is heavily dependent on the process design—if the process is right, the product
is likely to be right. This is particularly true for flow production, where the product can easily be
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distinguished from the process. Here control charts and other monitoring tools are standard tools
for monitoring quality and adjusting the process to attain quality.

In judging the quality of service products, it is difficult to disassociate the product from the process.
For example, a hamburger from a fast-food outlet is not the same as a hamburger from a fancy
restaurant, even if the physical products are identical. Moreover, a hamburger provided in a
fast-food outlet by one server in one set of circumstances might not be the same product as that
provided by another server in different circumstances, even though the food items themselves
are identical.

In the service industry, the importance of the process is sometimes stressed by saying "the
process is the product." Quality is provided by having the right process and the right operation
of the process; process design and operator training are essential. Service is the industry least
touched by the modern quality movement, but this is changing rapidly.

Quality and the Three Principles of Production

The three different methods of production have been presented in order of increased complexity.
Moving from stage production to assembly to process production, we see that the focus on the
process and its operation tends to shift.

Stage production tends to rely heavily on workers' skills, and lack of proper worker training is a
frequent cause of quality problems. In addition, stage production can accommodate a large
variation in product design, generating a relatively strong focus on inspection to check individual
products for conformance to requirements.

For an assembly process, the quality focus tends to balance between the operation of the process
and the process itself. Operator selection and training tend to have less importance than for stage
production, and proper management of the process becomes more important. Because output
tends to be more uniform, random sampling of output often is sufficient to give assurance of
quality products. Quality of the product becomes more dependent on the quality of process inputs;
this places a greater burden on processes for selecting subcontractors and inspecting incoming
products.

Flow production tends to be heavily automated. Operating the process amounts to "setting up"
the process and monitoring it to see that all is proceeding according to plan. With process
production, managing product quality shifts very much from checking products to checking the
process. If the inputs are right and the process is right, the products will tend to be right. From
the operations point of view, a critical concern is that the process be properly adjusted for each
product to be produced.

The quality of service depends heavily on both the production process and its operation. And the
operation, in turn, depends heavily on all people-oriented processes—employee selection,
employee training, and management of employees. Service is the method of production that
offers the greatest quality challenge.
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8.5 Coordination of Work

A single artisan building a product has full responsibility for quality at each step of production.
There is no need for coordination or cooperation with others; quality depends only on one
individual. But work being done in an organization is another matter. Quality then depends not
just on each individual's work effort; it also depends on these efforts being properly coordinated.

The design of work systems poses two basic and complementary requirements: (1) the division
of tasks into subtasks, and (2) the coordination of subtasks to accomplish the required
result—analysis and synthesis. A fundamental problem is: How should work be subdivided so
as to facilitate coordination and promote quality? To resolve this problem, three coordinating
mechanisms are employed: standardization, direct supervision, and mutual adjustment.

Standardization

Work can be coordinated by standardization. There are four major standardizing mechanisms,
and each can have a very large impact on product quality.

Standardization of work outputs involves establishing product requirements for each product
to be produced by the work effort. A waiter must be told what constitutes acceptable service; a
welder what constitutes an acceptable weld; a programmer what constitutes acceptable code;
and a manager what constitutes an acceptable work completion report. This usually is the simplest
of the four standardizing mechanisms and the first to be implemented.

Standardization of the work process involves standardizing the tasks to be accomplished. It
standardizes the process methodology, that is, the methods and procedures for accomplishing
and managing the work effort. Standardization of the work process often is the second
standardizing mechanism to be employed.

Standardization of work inputs involves establishing standards for each product that is used
by the process. This includes all parts, information, and other components required for operating
the process. The task of standardizing work inputs involves assurance that a subcontractor to a
process provides inputs that meet requirements; the ISO 9000 initiative focuses on this area.

Standardization of work skills involves establishing job descriptions and skill requirements for
each task to be performed. It also involves educating and training workers to make them proficient
in performing the required tasks. Of the four standardizing mechanisms, many organizations find
the standardization of work skills to be the most difficult to implement. This is particularly true for
organizations or industries with heavy labor turnover.

Direct Supervision

Direct supervision achieves coordination by having one person take responsibility for the work
of others. Under direct supervision, the coordinator issues instructions to the others and monitors
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their performance. Direct supervision often is practiced in a hierarchy, with groups of coordinators
reporting to higher level coordinators.

The effectiveness of direct supervision depends heavily on the interpersonal relations of the work
group and the skills of the coordinator. Supervision can have a negative impact on the satisfaction
members of the work group gain from working, and it can be a major source of quality problems.
To be effective, it is necessary to train supervisors in how to supervise properly.

Mutual Adjustment

Mutual adjustment achieves the coordination of work through the informal communication process.
Under this mechanism, responsibility for coordinating work rests with the workers who perform
the task. This simple coordinating mechanism works well and is used almost automatically when
a small team is involved with a well-defined task.

Mutual adjustment also can be used effectively to supplement more formal coordinating
mechanisms on a large, complex work effort. For example, the construction of a large information
system involves many people, some with technical knowledge of information systems (the builders)
and others with knowledge of the system requirements (the users). Much of the construction
effort involves a division and coordination of labor between these two groups. Although there are
formal procedures for coordinating work, often there are unforeseen problems and tasks that
cannot be anticipated. In such situations, the success of the work effort often depends on the
participants' ability to coordinate their efforts through informal communication.

Heavy reliance on mutual adjustment, however, carries the risk of increasing process variability.
With no formal guidelines to follow, mutual adjustment can result in the same general problem
being solved differently each time. The result can be great variation in the time and cost of
coordinating work efforts and in the quality of resulting products.

8.6 The Transformation Process

Section 7.2 introduced the notion that a production process consists of a transformation process
and a control process. While these processes must be constructed in tandem to ensure that they
mesh properly, it will be convenient to discuss them separately. Our discussion starts with the
transformation process.

Two basic activities are involved in creating a production process. One is to develop an
understanding of the work to be done; this is called analysis. It starts with a clear understanding
of the products to be produced and the fundamental work effort required to produce those products.
This high-level work effort is then subdivided or broken down into smaller tasks, and then into
still smaller tasks until one reaches a set of basic work tasks that can be assigned to people.

The second basic activity in creating a process is that of synthesis—combining these basic tasks
into an effective and efficient work process.
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Work Analysis

A standard technique for accomplishing a work activity involves breaking it down into simpler
components. This activity is called process decomposition, function decomposition, or work
breakdown. It is a technique used to subdivide a complicated process into pieces that are more
easily understood, performed, and managed. It is employed for many reasons: the work effort is
too large to consider as a whole, different skills are required for different aspects of the work
effort, work is to be done in different places or at different times, and so on.

Clearly, a process can be subdivided in many different ways, and the skillful application of process
decomposition is the mark of an expert systems analyst. One standard method for decomposing
a work activity is to divide it into activities that will be performed sequentially. The paradigm of
work and the basic division of a process into specify, design, produce, and examine are examples
of this method. Another standard method for decomposing a work activity is to divide it into
activities that can be accomplished in parallel. For example, work might be divided by required
knowledge and skills, as is done in a hospital, or by geographic region, as is done by the post
office. Obviously, a combination of these methods also can be used; the work breakdown of a
multinational organization is a good example.

Work Synthesis

After work has been analyzed and broken down into basic tasks, these tasks must be arranged
into an efficient production process. The ordered set of tasks represents a production line, and
by executing these tasks (operating the line), one produces the required product. The tasks form
the backbone of the work process; all other features of the process (jobs, controls, reports, etc.)
are designed around the work breakdown structure.

The system must meet a number of major requirements.

• Work flows logically through the process. It isn't easy to define a "logical" work process,
but it isn't difficult to recognize one that is illogical. Government agencies supply many
excellent examples. The logic behind some college registration processes is baffling.
And information systems that require identical information to be entered several times
by different operators are illogical and frustrating.

• Work can be planned and controlled without undue effort. Is it necessary to get two levels
of management approval just to buy a book? Is the annual planning process so complex
that the plan isn't in final form until the first quarter has ended? Does the purchase of a
hammer go through the same planning and control procedures as does the purchase of
a new fighter aircraft?

A general system principle is that it takes a relatively complex system to control a complex
system. Since a modern production process generally is very complex, it follows that the
planning and control effort associated with such a process will not be simple or cheap.
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Nevertheless, an attempt must be made to make the work management system as simple
as possible.

• Each worker can be assigned a well-defined, satisfying job. Having a well-defined job
means that you know what you are to do. The job may be fairly routine, or it may be one
with great variety. But, routine or varied, the job must be clearly defined. A real problem
arises, however, if you know what you are to do but hate doing it. A challenge in designing
a work process is to devise a structure so that each worker has a well-defined and
satisfying job.

• The manner in which work is accomplished supports the organization's goals and
objectives. The goals and objectives are a statement of what the organization hopes to
accomplish. The work process and its operation should be aligned with those targets.

8.7 Building a Transformation Process

The process of building a transformation process follows the SDCE paradigm described in Chapter
7.

Specify the Requirements

A major effort must be undertaken to identify all elements that must be produced by the process,
to identify all customers of each product, and to obtain all requirements of each customer. Parts
and components must be available for assembly at the appropriate time and place; equipment
must be available as required; and information must be provided to those who do the work and
to those who plan and control the process. If the transformation process is to produce a new
product (say a new model car), it will be necessary to determine the production requirements for
the new product before it is possible to specify all requirements for the transformation process.

Design the Transformation Process

The first decision during the design of a transformation process is the selection of the principle
of production. Is stage, assembly, or process production the best principle to employ? This
decision has a dramatic impact on all aspects of the work process.

Design tends to be an iterative process. Two problems during design are the coordination of
efforts and the arbitration of disputes that arise from conflicting requirements. As the design
evolves, one gains insights that suggest better ways to do things. As a result, it is necessary to
modify some of the work done earlier, thereby creating a new version of the earlier design element.
This gives rise to the problem of design control—that is, controlling the evolving design so that
everyone knows exactly which elements of the design are current. Maintaining proper control of
the design is a major problem on any large, complex design project.
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Create the Transformation Process

Of the four phases, the building phase often takes the longest and consumes the most resources.
If the requirements and design phases have been done well, theoretically there should be few
problems during the building phase. But inevitably omissions and changes must be handled.
Change control often is a major problem during this phase.

Examine the Transformation Process

Decisions on how to examine or test the transformation process and the preparations for testing
should all have been made prior to the test phase. In theory, all should run well. But errors of
omission are not uncommon. And the worst nightmare during the test phase is the discovery of
a problem that requires major changes. In extreme situations, the test phase becomes a major
rework effort; it might be called "test," but it really becomes respecify, redesign, rebuild, and
retest.

An entirely different problem occurs when testing fails to reveal all the defects in the process.
The effect is that the installed process is faulty and must go through a costly period of "debugging"
after it has been placed in operation.

8.8 The Control Process

A control process is superimposed on a transformation process for the purpose of guiding its
operation. Examples are a management control process for guiding the work of an organization
and a production control system for helping to produce quality products.

A control system has four components, which are the activities to

1. Plan performance
2. Observe actual performance
3. Compare actual and planned performance
4. Adjust as required

To illustrate these activities, let us consider a system for controlling the temperature of a room
in winter. Assume that the room is heated by a furnace (this is a production process). The basic
input to this process is fuel, and the basic output is heat. Attached to this production process is
a control system that relies on the use of a thermostat, which turns the furnace on and off.

Let's review how the control system works (see Display 8.1). First, the system user decides on
a temperature setting. The thermostat reports the actual temperature in the room and compares
this temperature with the desired setting. The thermostat turns the furnace on or off whenever
the temperature is, respectively, below or above the target.
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Display 8.1 Temperature Control System

In common parlance, the first of these activities is called planning, and the other three are called
controlling. The planning and controlling functions taken together constitute the control function.

Control of Production

Production work is controlled along three dimensions: time, cost, and quality. The time dimension
of production is controlled by the production management system, which calls for planning
activities, tracking results, and comparing actual results to plans. The cost dimension is controlled
largely by the accounting processes, which call for budgets, collection of actual costs, and
comparison of the two. The quality control system is a similar process and focuses on the control
of product quality.

The principles of control are the same for all three dimensions of work, and the three must be
coordinated to have an effective work system. Since our interest is primarily in the control of
quality, our discussion will be limited to that dimension.

8.9 Control Principles

Control of work is essential. But unfortunately the word "control" has a bad ring to it, bringing to
mind the terms constrain, check, inhibit, and regulate. We control crime, control pollution,
control narcotics—all these uses of the word "control" contribute to the negative impact the word
carries. But we also control an airplane, safely guiding it to its destination. It is this notion of
control that should be applied to work. The following fundamental principles form the basis for
building an effective control system.

1. Work is controlled—not workers
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The aim of a control system is to assist in producing a quality product on time and within
budget. To achieve this objective, control must focus on work, not on workers.

The traditional approach has been to control production by controlling the workers. This
was effective when workers were performing a simple repetitive task. Today, many control
systems are based on the same principle, even though the character of work has changed
significantly.

2. Control is based on completed work

To be effective, control should be based on completed work. Requiring people to estimate
what portion of a task has been completed is asking for "creative reporting."

But basing control on completed work generally requires more careful planning. The
work effort should be divided into many small work efforts, all about the same size and
each with a well-defined end product. The control of the total effort can then be
accomplished by tracking the number of small work efforts completed relative to the total
number to be accomplished.

3. Control of complex work is based on motivation and self-control

Complex work is very difficult to control; a motivated worker is best equipped to exercise
control.

A good example of complex work is computer programming. The quality of a program
can be checked by operating it (testing) or by observing it (measuring, inspecting,
reviewing). But the best assurance of quality is to have a well-trained, highly motivated
programmer create the program and exercise control over its quality.

Self-control is part of the job of every knowledgeable worker, and workers must be trained
and motivated to perform this function. However, worker training usually does not stress
this point. Another problem is that quality and work control do not interest workers unless
the general culture of the organization promotes this view. Such problems must be solved
to make self-control effective.

4. Controls for capturing control data must be built into a work process

It is not possible to control a work process without proper information. To control quality,
resource utilization, and the time required to produce a product, it is necessary to embed
controls into the work process for the purpose of capturing the required control data. For
quality, typical means of capturing relevant data regarding products and processes are
reports, inspections, tests, and reviews.

5. Control data must go to the right people

To be effective, control data must be given to those who need it. The person who produces
a product needs to know about product defects. The process owner needs information
about process problems. If the product design is faulty, the design department needs to
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know. If quality problems are rampant throughout the organization, top management
needs to know.

Unfortunately, people who need to know often are not given the information. Final test
discovers a consistent problem, passes faulty parts back to production for repair, but
does not notify engineering that the manufacturing process has a problem. Fixing the
product is fine. But to fix the process, control data must go to the right people.

6. A control system is designed to handle the routine

A control system is designed to handle routine situations, not every possible contingency.
For example, a thermostat will adjust the production process (furnace) for fluctuations
in temperature but will not cope with problems such as a power failure.

In designing a control system, a decision must be made as to what is routine (and to be
covered by the system) and what is not. Having made this decision, it is important to
assign responsibility for handling all nonroutine problems.

7. Control of a complex work process is achieved through levels of control

One principle of general systems theory is that a complex work system requires a complex
control system. Because work in an organization is complex, control of work efforts is
achieved through several levels of control.

The first level of quality control is the individual worker—each individual is responsible
for the quality of his or her work effort. If a worker is a member of a work group or team,
the second level of control probably is the team. A third level of control might be the head
of a department or the production supervisor. Responsibility for quality control passes
up the hierarchy to the division and finally to the corporate level.

As one goes up the control chain, responsibility and authority for quality change. An
individual worker is responsible for operating a production line properly. The head of
manufacturing might have responsibility for the quality of raw materials, products, and
the production process. And the chair of the board is responsible for every aspect of
quality. The most important quality-related responsibility of top management is to establish
the company's quality policy and to provide an environment that fosters the implementation
of that policy.

8.10 Characteristics of a Control System

An effective control system must have the following four characteristics:

1. A control system must be responsive
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A control system is ineffective if control signals do not result in timely action. To be
responsive, a control system must provide each person with the control data they need
at the time they need it. And the data must be presented in a useful form.

2. A control system must be user friendly

A control system must be easy to use. Instructions should be clear and simple; training
should be provided in its use. The system should be designed for the convenience of
people, not machines.

3. A control system must be flexible

A control system must be flexible enough to accommodate the special needs of different
departments, different products, and different circumstances. One size doesn't necessarily
fit all. For example, the control needs for constructing a people house are not the same
as those for constructing a bird house. Similarly, the needs for controlling a large
information systems project are not the same as those for a small project to modify an
existing system.

Over time, control requirements change, and the control system must be modified to
reflect this change. Therefore, it is necessary to fix responsibility for review, evaluation,
and improvement of the control system.

4. A control system must strive for simplicity

A control system should be as simple as possible. Control costs money; a control system
should call for expending the least effort needed to achieve the required results.
Unnecessary controls annoy people. And they are counterproductive because they focus
attention on the control process and away from work. Unnecessary controls do not provide
better control, only higher cost.

But make no mistake: a simple control system is not necessarily a small system. A control
system requires a certain amount of redundancy to resolve ambiguities, errors, and
omissions. An effective control system consumes a nontrivial amount of resources; our
point is not to waste resources needlessly.

8.11 A Quality Control System

A quality control system is a special case of a control system. It is grafted onto a transformation
process to prevent nonconforming products from being used or shipped. In principle, a quality
control system is the same as a thermostat for controlling heat, but in practice it is much more
complex. Some causes of complexity are as follows.

• The products to be controlled are more diverse and more complicated than the simple
product, heat.
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• Quality control responsibilities span all layers of the organization from the individual
worker to top management.

• Quality control involves people—their attitudes, abilities, and emotions; these attributes
are not as easily measured and controlled as are physical elements.

• Quality control is applied to a variety of product types: goods, information, services,
production processes, operating processes, and management processes.

Components of a Quality Control System

As with a thermostat, the basic components of a quality control system involve four activities:
plan, observe, compare, and adjust (see Display 8.2). Planning means establishing the
requirements for the product to be produced. Observing is done by examining the product or
operating it. Comparing is a matter of checking to see if the product meets requirements. Generally,
these three steps—plan, observe, compare—are more complex in a quality control system than
in a heat control system, but the basic principles are the same.

Display 8.2 Quality Control System

The major conceptual difference between controlling heat and quality has to do with the adjust
function. A problem with temperature requires adjusting only the input to the process. But a quality
problem might require adjusting any part of the production or control process.

Suppose there is a problem with the process of filling a container with a quart of skimmed
milk. If whole milk is incorrectly used, it might be because the instructions were wrong
(planning problem) or they were not followed correctly (input problem). The process might
underfill the container (process problem), but this error might not be caught (observation
problem). Or the underfilling might be correctly observed but not recognized as an error
(compare problem). Or it might be correctly noted as an error, but nothing is done about it
(output problem).
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8.12 Quality Problems in Production and Their Possible Causes

Quality problems can arise during any part of the production process. We will discuss such
problems throughout the book; here we will look at a few to get an overview of the situation.

Some Management Problems

Since management is responsible for processes and their operation, fundamentally all quality
problems are due to management. The root cause of many problems is that management does
not understand quality or has not made a real commitment to it. Generally, managers vow that
quality is a top priority. In practice, however, time and cost often receive the greatest share of
management attention. Some typical signs that quality is not a top priority are:

• Workers are measured on the basis of time and cost, not the quality of their output.
• There are no quality objectives in worker appraisal systems, and therefore workers have

no incentive to achieve quality.
• Employees are afraid to report errors; they sense that production is more important than

quality.
• Quality control procedures are slighted, particularly when there is an urgent need for

output.

Quality starts with management understanding and commitment. Without that, achieving quality
is an uphill battle.

Some Process Problems

Problems can plague any aspect of a production process:

• Product requirements are incomplete or unclear.
• The transformation process is not documented, or the documented process is not followed;

as a result, high product variability is inherent.
• The control process is not documented, or the documented process is not followed.

Reviewers are not well trained. Test coverage is not adequate; tests are not conducted
properly, or results are not properly analyzed.

• The process is inappropriate; it is simply not capable of producing quality products.

Often the root cause of such problems is that production managers are judged on the quantity
of process output, not its quality—and certainly not on the quality of the production processes or
on process improvement. So, as usual, the old rule applies: An organization gets the behavior it
rewards.

Another source of production problems is poor performance by the workers. One cause might
be poor procedures for worker selection, training, and compensation—problems that are relatively
straightforward to identify and solve. But the root cause might be an inappropriate organizational
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culture. This is a serious problem that can be solved only by top management—or a new top
management.

The root cause might well be that a process manager has not been appointed. People are busy
operating the process, but no one is managing it.

Some Quality Control Problems

Quality control has no great appeal; generally, people get more pleasure out of building something
than checking to see that it is built correctly. Unfortunately, the way quality control is conducted
in many organizations does little to change this attitude.

In many organizations, product review processes are faulty. There may be no written review
procedures, or the written procedures may be inadequate or out of date. Sufficient time and
resource are not allocated to performing reviews, giving a clear indication to workers that
management is not convinced that quality control is an important part of the job. Other times the
product review procedures are appropriate, but workers are given no training in performing
reviews—and reviewing a product is not the same as creating it. In some organizations, review
information is used in the worker appraisal process. This can easily generate a culture of fear
and an attitude that the way to survive is to beat the system. Reviewers overlook problems to
keep friends from looking bad, and they pray that the favor will be returned. Or the review process
is skipped with the excuse of insufficient time or resources.

Many control problems can be traced to management's failure to understand what an effective
review requires: proper review procedures, trained reviewers, adequate time and resources for
reviewing, and absolutely no connection between review results and employee appraisals.

If review rules are reasonable and an employee is trained but is unwilling to follow the rules, it
could be time to suggest he might prefer other employment.

Product-Specific Problems

Quality problems vary with the type of product being produced.

Goods

The production of goods generally involves heavy use of components and parts obtained from
outside subcontractors, and the quality of the incoming material is of concern. Because production
depends on physical equipment, another concern is the variability in output caused by equipment
wear or changes in the operating environment (temperature changes, dust, moisture, etc.).
Depending on how highly automated production is, operator ability and training can also be a
critical issue.

Because quality control of goods usually involves measurement, the calibration of measuring
and test equipment is an important concern. Identification and storage of products—particularly
the segregation and control of nonconforming products—are also major concerns.
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Service

For every service product, the production process itself is a critical determinant of quality. But
what distinguishes service from goods and information is that the production process is apparent
to the customer. Customers don't know how good or bad an automobile assembly line is; they
judge quality by the cars that are produced. But a poor, inefficient process for serving a restaurant
meal can create a bad impression. To compound the problem, blame for poor service might
incorrectly be attributed to the server, so the process isn't improved.

Another feature of service is that, unlike goods and information, quality control can take place
while the product is being delivered to the customer. For example, a nursing supervisor might
observe how a patient is being treated (quality control) and use this information to make
suggestions to the nurse providing the treatment (improve the process).

A major determinant of service quality centers on the people providing the service. Employee
selection, training, motivation, supervision, and reward—all processes relating to employees—have
a significant impact on quality.

Information

The production of all products depends heavily on information processes, and these processes
are a fertile source of quality problems. Some causes of problems in automated information
systems are these:

• Typically, the process for developing information processes (system development process)
is not well documented.

• The analyst/programmers who develop information processes lack the discipline to follow
a documented development process, and their managers do not correct this situation.

• Workers enjoy creating information processes but generally dislike reviewing completed
work—particularly the work of others. So product review often is not very effective.

Modifying existing information processes usually is an even greater source of quality problems
because

• Information processes are not well documented; therefore, analysts cannot easily
understand the full impact of the changes they make.

• The change process itself is not well documented.

Generally, quality is best served by restricting requests for information system changes to those
that are necessary. In many organizations, however, this does not happen because a faulty
accounting system fails to charge back the full cost of a system change to the department
requesting it. This is a good example of how complex and convoluted quality improvement can
be.
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8.13 Measuring Process Performance

A serious challenge in any organization is for management to gain a clear picture of what is really
going on in the organization. People don't like to admit their mistakes; quality problems are
concealed from management out of fear for its effect on careers. No matter how freely information
generally flows in an organization, it is useful to have a mechanism for informing management
of problems that can affect quality.

Management Evaluation

Managers might be a serious cause of quality problems, and their incompetence and ineptitude
should be brought to the attention of upper management. But employees are understandably
reluctant to tell upper management that the real problem with quality in their area is that the
manager is a turkey. To elicit such information, a scheme must be developed for gathering such
information without jeopardizing the employee's career or exposing the manager to unnecessary
embarrassment. Two such schemes are executive interviews and employee opinion surveys.

An executive interview is a scheduled meeting, required by company policy, between an
employee and the manager of the employee's manager. That is, it is a meeting that skips the
immediate level of management. An employee is required to meet with his manager's manager
on a regular basis to discuss whatever concerns the employee or the manager might have.
Generally, such an interview focuses on career opportunities, avenues for improving the
employee's ability, or whatever else the employee wishes to discuss. Such interviews give the
employee an opportunity to discuss anything, including problems caused by his immediate
manager. It gives the manager conducting the interview an excellent opportunity to assess the
people and the general atmosphere of the level one step below his immediate level of
responsibility.

Executive interviews tend to focus on personnel issues; indeed, the interview is an opportunity
for bonding and career counseling. But it also offers an excellent opportunity to discuss quality
issues. The troops usually know where the quality bodies are buried; an executive interview is
an effective mechanism for passing that information up the line, which gives support for corrective
action.

Executive interviews can be conducted right up the management chain, giving management at
any level the opportunity to assess the quality of management by those reporting directly to that
level, as seen by those directly being managed.

An employee opinion survey is a tool for appraising work conditions, including the performance
of management. It is a good vehicle for getting feedback on the quality environment and the
performance of the quality system. It is a tool for gathering information that might not be offered
through normal channels of communication, suggestion schemes, executive interviews, or other
"open" schemes where the employee's identity is known. An opinion survey tends to focus on
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how the company is managed because this information is essential, yet difficult to obtain because
there is a fear of management retaliation.

The challenge for conducting an effective employee opinion survey is to obtain the required
information without jeopardizing those who provide it or embarrassing those exposed by it.

To conduct an opinion survey, it is necessary to design a survey instrument, administer it, and
collect, analyze, and use the information.1 Designing and administering the survey will not be
discussed here because it follows the usual pattern for surveys. The major issue in conducting
employee opinion surveys involves collecting, analyzing, and using the information. And the top
concerns with all of these activities are security, security, and security.

Employees will give frank opinions about management, working conditions, concerns about
quality, and other issues provided they trust the organization not to use the information against
them. To establish this trust, it is not enough to say, "Trust us." It is essential to establish a guard
for the information supplied by employees as if it were the gold stored in Fort Knox. Information
must be collected and stored with absolute security. Rules must be established for the use of
information that will not reveal the identity of those who provide it. For example, information might
be summarized to avoid revealing individual opinions. Moreover, rules should be established for
disclosing group opinions only for groups that are above a certain size. If a manager has only
two employees, and the average opinion is that the manager is ineffective, it isn't difficult for the
manager to know what each employee thinks! In the same way, information from different groups
reporting to a given management level should be reported in summary form to prevent the manager
from differentiating among the groups.

People will give frank opinions about management when asked, but only if they are absolutely
certain that the information will not be used against them. Properly used, employee opinion
surveys can be an effective tool for identifying quality problems—particularly problems relating
to management, which might be difficult to uncover by another mechanism.

8.14 Process Improvement2

Building a production process is a major effort. But no matter how successful the effort, any
production process will need continual improvement to make corrections or to adapt the process
to changing process requirements. This need imposes a requirement on the process
owner—namely, the requirement to collect data on process performance and to make needed
corrections in the process.

Process improvement generally is accomplished on a project-by-project basis. It is an activity
quite separate from the activity of building the process; however, it requires similar skills and a
similar methodology to those employed in the building process.

The need for continual process improvement imposes requirements such as these:

• Build controls into a production process to measure process performance.
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• Build a system to collect data on the defects of products produced by the production
process.

• Build a system for analyzing the collected data and making process improvements.

Example. Fast Food, Inc. has a process for producing hamburgers; we want to analyze
and improve the quality of the products produced by this process. To do this for each
hamburger requirement, we need to know (1) how many hamburgers were scrapped because
they failed to meet the requirements and (2) how many were served to customers but did
not meet their requirement (information that is not easily obtained). What is needed is a
system to collect these defect data, analyze them, and take corrective actions.

Note that building the data collection system is part of building the hamburger production process;
collecting defect data is part of operating the production process; analyzing the defect information
is a separate activity; and this activity results in individual projects to make improvements in the
hamburger production process.

Exercises and Additional Readings

1. Compare the four basic activities of a control system with those of the Shewhart PDCA
cycle.

2. Discuss how standards help to improve

(a) Planning work

(b) Educating workers and managers

(c) Communication in the organization

(d) Product quality

3. Standards are not an unmixed blessing. What are some of the costs of

(a) Establishing and maintaining standards?

(b) Enforcing standards?

(c) Overly detailed, bureaucratic standards?

4. Feedback control is the use of process control data to make process adjustments.
Describe how feedback control might be used to improve the processes of (a) writing a
term paper; (b) applying for a job; (c) going on a date.

5. Any process can be subdivided into a collection of smaller processes, which are called
subprocesses.
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(a) List some major subprocesses for the task of providing a Thanksgiving dinner.

(b) List some major subprocesses for the task of writing a term paper.

(c) List some major subprocesses for the task of operating a university.

For each major subprocess, list a few subprocesses of it.

6. What are some of the pros and cons of having a process operator designated as the
process owner?

7. Most quality control systems focus on finding and fixing errors in products but ignore
potential problems in the production process. What steps might be taken to correct such
a situation?

8. It is often useful to break a complex task into smaller, related tasks. Apply this strategy
to the government, universities, stage plays, and football games.

9. Give a few examples of stage, assembly, and flow production.
10. Discuss the difference between effective feedback control and process tampering. (You

may want to refer to our discussion of tampering in Section 5.11.)
11. In addition to an organization's internal standards, certain external standards must be

observed. One example is environmental standards. List some others.
12. Consider a major assignment you have completed recently, for example, a term paper.

(a) Describe your transformation process—the major steps that you took in completing
the assignment.

(b) Critique your transformation process. How could it have been improved?

(c) Describe the quality control process you employed in producing your product.

(d) Could your quality control process have been improved?

13. For some activity that you perform routinely,

(a) Describe your transformation process.

(b) Describe your control process.

(c) What suggestions can you make for improving these processes?

14. Contact a local firm and ask it to describe one of its production processes (marketing,
manufacturing, a personal process). Is there a process owner? Is the process
documented? How is it monitored and improved? Write a brief report and assess your
findings.
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15. Construct a process that a college student could use to get a job upon graduating.
16. Construct a process for (a) buying a new car, (b) buying a used car.
17. Contact a local fast-food franchise (McDonalds, Burger King, etc.) and ask it how it

controls the quality of (a) its food products and (b) its service.
18. Discuss the differences between direct supervision and mutual adjustment. Give examples

for each.
19. An important aspect of any production process is the disposal of waste products

(by-products) arising from the process.

(a) Describe the waste products arising from the process of preparing a meal.

(b) How does the consideration of waste change the four steps of the process of preparing
a meal?

(c) How does the consideration of waste generate requirements for related processes?

Notes

1 "Surveys are discussed in Chapter 18." For a detailed discussion of surveys, see our other book, Solving Quality
Problems: Tools for Continuous Quality Improvement. (NY: John Wiley, 1999).

2 A detailed discussion of process improvement is given in of this book.
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